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3a nocneµHHe µaaµ~aTb neT cymecTBeHHNM o6pa30M ynyqmHnHcb 

OCHOBHNe napaMeTpN aHTHKOMTITOHOBCKHX cneKTPOMeTpOB, B03pocno HX 

qHcno H pacmHpHnHCb o6naCTH HX npHMeHeHHSI. B Ta6nHue 1 npHBe)leHN 

OCHOBHNe . napaMeTpN aHTHKOMilTOHOBCKHX cneKTpOMeTpOB, KOTOpNe 6NnH 

ony6nHKOBaim B pa6o;ax · 11- 101 . OT H3MepeHH$1 npocTNX r-cneKTPOB 

( i=1) nepeXO)lSIT K H3MepeHHSIM )lByx- ( i=2)· H 6onee KpaTHNX (y ~ y) -

cosna)leHHH. Hcnonb3YSI aHTHKOMTITOHOBCKHe cneKTpOMeTpN, HCcne)lyDT 

CTpyKTypy Sl)lpa npH 6eTa-pacna)le H npH Sl)lepHNX peaKUHSIX. IDHpoKaSI 

o6naCTb npHMeHeHHSI aHTHKOMilTOHOBCKHX cneKTPOMeTpOB noTpe66aana 

ynyqmeHHSI HX CBOHCTB H OCHOBHNX napaMeTpOB. 

0)lHOBpeMeHHOe HCTIOnb30BaHHe HeCKOnbKHX aHTHKOMTITOHOBCKHX 

cneKTpOMeTpOB (B )lapeC63pH HX qHcno )lOCTHrno 30) npH H3yqeHHH 

Sl)lep' B036yJK)leHHNX B Sl)lepHNX peaKUHSIX! paCCMOTpeHO B o6sopHOH 

pa6oTe 1191 . Heo6XO)lHMOCTb npHMeHeHHSI aHTHKOMTITOHOBCKOH · samHTN 

BNTeKaeT H3 cooTHomeHHSI )lnSI "paspemaDmeti CHnN" (resolving power) R
1 

[ 

SE l i 
Ri = 6E: r . , 

( 1) 

r)le SEr - cpe)lH$1$1 pa3HOCTb 3HeprHH coce)lHHX r-RHHHH (3aBHCHT OT 

xapaKTepa B036yJK)leHH$1 Sl)lepHNX COCTOSIHHH H ~opMN B036yE)leHHNX Sl)lep 

H )lnSI µe~opMHpOBaHHNX Sl)lep, B036yE)leHHNX_B peaKUHH C TSIXenNMH 

HOHaMH, o6NqHo npHHHMaeTCSI SEr=60 K3B 1191). 9HepreTHqecKoe pa3pe

meHHe 6Er=2 K3B )lnSI nHHHH 60 co. YKa3aHHOe 3HaqeHHe AEr - npaKTH

qecKH rpaHHUa pa3pemaDmeti cnoco6HOCTH Ge-)leTeKTOpOB,H, aepOSITHO, B 

6nH3KOM 6y)lymeM He y)laCTCSI ee cymecTBeHHO ynyqmHTb. Ha KaqecTBO 

H3MepeHHH BnHSIDT 3HaqeHHe r, T.e. OTHOmeHHe HHTeHCHBHOCTH IlHKa 

nonHoro nornomeHHSI (Pl K HHTeHcHBHOCTH acero cneKTpa (T) (r=P/T), 

H KpaTHOCTb coana)leHHH i. OTHOmeHHe HHTeHCHBHOCTH IlHKOB nonHoro 

nornomeHHSI K cyMMapHOH HHTeHCHBHOCTH i-KpaTHNX COBila)leHHH (pi) 
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a) Ge(Lil-nereKTOp xapaKrepH3yeTCH pa601.!HM o6beMOM [CM3
] HnH 

31fllfleKTHBHOCTbD perHcrpaUHH 60 co [¾] no OTHOWeHHD K 

31fl!peKTHBHOCTH Na! (Tl l c nHaMerpoM 7, 6 CM H Bbl COT OH 7, 6 CM. 

TonmHHa Meprsoro cnoH Ha nosepxHocrH nereKropa ,D,aHa s MM. 

bl HPGe-nereKrop p-rHna, ocranbHOe ro %e caMoe, KaK Bal. 

b') TpH Ge-KpHCTanna, pa3MemeHHble npyr 3a npyroM 8 O,ll,HOM,KpHOCTare. 

nepBblH nnaHapHblH KpHCTann ( 0 48 MM, TOnmHHa 11 MM) , 3a HHM 

cne,D,yDT ,D,Ba KOaKCHaRbHblX ,D,eTeKTOpa p-THna .( 06beM Kaxnoro 70 

CM3
). 

b") ~Ba KOaKcHaRbHble HPGe-neTeKTopa p-THna 8 O,ll,HOM KpHOCTaTe. 

c) HPGe-~eTeKTOp n-THna. 06oeM HRH 3ipipeKTHBHOCTb yKa3aHbl TaKHM xe 

o6pa30M, KaK Ba). MepTsble CROH Ha nosepXHOCTH MeHbWe 0,3 MKM. 

d) AKCHaRbHO-CHMMeTpHl.!HaH reoMeTpHH. OCb 3amHTHOro CUHHTHRRHTOpa 

H ocb Ge-nereKropa cosnanaDT c HanpasneHHeM nyl.!Ka r-HJny'leHHH. 
e) AKCHaRbHO He CHMMeTpHl.!HaH reoMeTpHH. 

nenbHa OCH 3amHTHOro KpHCTanna. 

HanpasneHHD nyl.!Ka r-HJnyl.!eHHH. 

Ocb Ge-neTeKropa napan

KOTopaH nepneHnHKynHpHa 

f) AKCHaRbHO-CHMMeTpHl.!HaH reoMeTpHH (OCb Ge cosnan~eT C OCbD 

3amHTHoro nereKTopaJ c oTsepcTHeM nnR r-HJnyl.!eHHH c 6oKosoii 

CTOpOHbl. 

g) K031fllflHUHeHT nonasneHHH KOMnTOHOBCKOro cneKTpa H3MepHRCH 8 

o6nacTH OT 2,5 M3B ,ll,O 3,2 M3B B peaKUHH 10a (a,prl (3HeprnH 

3aperHCTpHposaHHblX r-KBaHTOB paBHbl 3090 K3B, 3685 K3B H 3854 

K3B). 

h) K031fllflHUHeHT nonasneHHH KOMnTOHOBCKOro cneKrpa ( c. ) 8 o6naCTH 

OT 150 K3B ,!1,0 1100 K3B H3MepHnCH B 3KcnepHMeHTe Ha nyl.!Ke. 

i) MaKCHManbHOe 3Ha1.!eHHe c ,ll,RH 60co B o6nacTH E OT 400 K3B ,!1,0 • r 
900 K3B. 
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j) Cpe.nttee 3Ha'ieHHe c. .llJUI 
60 co B o6JiaCTH OT ·100 K38 ,llO 1100 K38. 

k) AHTHKOMnTOHOBCKaSI 3al!lHTa COCTOHT H3 6 onTH'ieCKH H30JIHpOBaHHNX 

KpHCTaJIJIOB BGO H nepe.nttero NaI(Tl~KpHCTaJIJia TOJll!IHHOH t=3 CM . 

1) AHTHKOMnTOHOBCKaSl_3al!lHTa COCTOHT H3 8 onTH'ieCKH H30JIHpOBaHHNX 

KpHCTaJIJIOB BGO H nepe.nttero NaI(Tl), t=3 CM. 

m) AHTHKOMnTOHOBCKaSI 3al!lHTa COCTOHT H3 6 onTH'ieCKH H30JIHposaHHNX 

KpHCTaJIJIOB BGO. 

.n) AHTHKOMnTOHOBCKaSI 3al!lHTa COCTOHT H3 8 KpHcTaJIJIOB BGO, H 

cne.nyvmtte 4 KpHCTaJIJia BGO 3anoJIHSIDT npocTpaHCTBO 3a Ge

,lleTeKTOpOM ( BHyTpeHHHH ,llHaMeTp 2, 2 CM H BHemHHH · ,llHaMeTp 7, 4 

CM). HJIHHa Kaz.noro H3 3THX 4 KpHCTaJIJIOB paBHa 6 CM. Ha 

nepe,llHeH CTeHKe HMeeTCSI NaI(Tl)-CUHHTHJIJISITOp c t=5 CM. 

o) AHTHKOMnTOHOBCKaSI 3amHTa COCTOHT H3 8 onTH'ieCKH H30JIHpOBaHHNX 

KpHCTaJIJIOB BGO. 

p) AHTHKOMnTOHOBCKaSI 3al!lHTa COCTOHT H3 16 BGO - KPHCTaJIJIOB, 

onTH'ieCKH H30JIHpOBaHHNX. 

q) AHTHKOMnTOHOBCKaSI 3al!lHTa C03,llaHa H3 7 onTH'ieCKH H30JIHpOBaHHNX 

BGO-KpHcTaJIJIOB. 

r) AllaJIOm.qHOTOMY, qTo,B n), KpOMe Toro, 'iTO · npOCTpaHCTBO 3a· Ge

.neTeKTOpOM 3anoJIHeHO 6 BGO- KpHCTaJIJiaMH H Ha nepe.ntteii CTeHKe 

cneKTpoMeTpa HMeDTCSI BGO-KpHCTaJIJIN c t=3 CM. 

4 

npe,llCTaBJISleT OTHOIDeHHe noJie3HOH HH$OpMaUHH K BCeH HH$OpMaUHH, no

Jie3HOH H 6ecnoJie3HOH ( $OHY, 6aJIJiac-ry). 0Ho ,11ae-rcsi oTHomeHHeM 

P = r'. 
i 

( 2) 

CTaTHCTH'ieCKaSI TO'iHOCTb (a) npH H3MepeHHH HHTeHCHBHOCTH i-KpaTHNX 

coena.neHHH (N. ) MOZeT 6NTb nonyqeAa npH perHCTpaUHH 'iHCJia N COB-
IP 1 

na,lleHHH, KOTopoe ,llaHO COOTHOmeHHeM 

Ni 

(1 + ~ )2 
2 2 

a Pi_ 

(3) 

r.ne a=K/¾, K=1,2,3, Nip=Ni-Nib' Nib - $OH. H3 cooTHomeHHSI (3) 

BNTeKaeT, 'iTO Ni SIBJISleTci qyBCTBHTeJibHOH ~YHKUHeH napaMeTpa pi. 

0603Ha'iHM r. OTHOmeHHe P/T ,llJISI Ge-,lleTeKTOpa 6e3 aHTHKOMilTO

HOBCKOH 3al!IHTN. 3TO OTHOIDeHHe MOZHO yseJIH'iHTb ,llO 3Ha'ieHHSI rl, 

HCnOJib3YSI aHTHKOMnTOHOBCKYD 3al!IHTY 

r 
1 

1 

1 1 ) 
1 + ;;- ( ;::- - 1 

(4) 

r.ne c. - cpe.nttee 3Ha'ieHHe K03$$HUHeHTa no.naBJieHHSI KOMnTOHOBCKOro 

HenpepNBHoro cneKTpa (C). 06NqHo 3Ha'ieHHe c. BN'iHCJISleTCSI ,llJISI 

cneKTpa 60 cc B 06JiaCTH 3HeprHH OT 100 K3B ,llO 1100 K3B. Ka'ieCTBO 

aHTHKOMnTOHOBCKOH 3al!IHTN HHOr ,Ila xapaKTepH3yeTCSI MaKCHMaJibHNM 

3Ha'ieHHeM K03$$HUHeHTa no.naBJieHHSI c. ( MaKc.), KOTOpoe 06N'iHO ,llJISI 

60 co HMeeT MeCTO B o6JiaCTH 3HeprHH OT 400 K3B ,llO 900 K3B. 

Cne.nyvmeii xapaKTepHCTHKOH Ge-,lleTeKTOpOB H aHTHKOMnTOHOBCKHX 

cneKTPOMeTpOB SIBJISleTCSI OTHomeHHe nHK/KoMnTOH (P/C), KOTopoe TaKze 

BN'iHCJISleTcSI ,llJISI r-cneKTpa 60 cc. 3,lleCb P - BNCOTa JIHHHH 1332 K3B H 

C - cpe,llHee 3Ha'ieHHe BNCOTN KOMnTOHOBCKoro nnaTO B o6JiaCTH 3HeprHH 
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OT 1040 K38 ,1\0 1096 K38 (CM., Hanp11Mep, 1121 ). 3Ha4eH11e P/C saa11-

CIIT TaKllte OT 3HepreTll4eCKoro pa3pemeHIIR 6Er. 

qllCJIO i-KpaTHNX coana,l\eHIIH B ceK (n,) np11 per11cTpau1111 KacKa

,1\a, COCTORmero 113 m nepeX0,1\0B, q 0,1\IIHaKOBNMII Ge-,1\eTeKTOpaMII C 3$

$eKTIIBHOCTbD per11cTpau1111 e II TeJieCHNM yrJIOM w ,l\aeTCR COOTHOmeHlleM 

ml qi 
n 

i 
= I (ew)' (m- i + 1 l I (-q---i +-1_,.l-1 ( 5) 

r,l\e I paBHO 411CJiy co6NTIIH/CeK B MIIWeHII (IIJIII 411CJIY pacna,I\OB/CeK). 

BeJill411Ha n, CIIJlbHO 3aBIICIIT OT 3Ha4eHIIR TeJieCHoro yrna (CM. $OPMYJIY 

(5)). Onpe,l\eJieHlle TeJieCHoro yrna w ,I\JIR aHTIIKOMnTOHOBCKOro cneKTpo

MeTpa ,l\aHO B pa6oTe /Bl KaK OTHomeHlle nnoma,1\11 OTBepCTIIR nepe,I\ Ge

,1\eTeKTOpOM K KBa,l\paTy paCCTORHIIR Mellt,I\Y Ge-,1\eTeKTOpOM II MIIWeHbD 

(IIJIII PA IICT04HIIKOM). Pacm11peH11e r-JIIIHIIH, COOTBeTCTByDmee ~onne

pOBCKOMY C,I\Bllry 3Hepr11H ;-KBaHTOB, np11MepHO paBHO 

V 

6E = E - 60 cosi 
T 1 C 

( 6) 

r,l\e v - CKOpOCTb R,l\pa .OT,l\a411. 3Ha4eHlie v 113MeHReTCR B IIHTepaaJie 

( v-6v, v+6v), 60 - IIHTepBaJI yr JIOB, B KOTOpOM ,I\BllllteTCSI R,l\pO OT ,l\a411, 

i - IIHTepaaJI yrJIOB Mellt,I\Y CKOpOCTbD R,l\ep OT,l\a411 II HanpaBJieHlleM 

r-KBaHTOB, 3aper11cTp11poaaHHNX Ge-,1\eTeKTOpOM. 8 peaKUIIII C TRllteJINMII 

IIOHaMII IIMeeM Tllllll4HNe '3Ha4eHIIR: v/c = 0,03, 60 = 5° 11 6v/v = 0,2 

,I\JIR 1rnmeH11 TOJIWIIHOH 1 Mr /cM2 
( CM. 1201 ) . HcnoJib3YR n11 3Ha4eHIIR .11 

non~raR, 4TO E
1

=f M38 11 w=2,3x10- 3
, nony411M yxy,l\meH11e 3HepreTll4ec-

Koro pa3pemeH11R 113-sa 3$$eKTa .D:oITJiepa. OHO paBHO 6E =6,9 K38 ,I\JIR 
T . 

~=90° II 6E
1

=6,4 K3B ,I\JIR ~=0°. 

BOJibWOe KOJill4eCTBO nepeX0,1\0B B KaCKa,l\e (OT m=15 ,1\0 m=25, T.e. 

60JibWOe 3Ha4eHlle MHOllteCTBeHHOCTII nepeX0,1\0B) BMeCTe C npaKTll4eCKII 

0,1\HOBpeMeHHNM BNJieTOM HeHTpOHOB ( Hanp11Mep, 411CJIO HeHTpOHOB v=4) 

BJIIIReT OTPIIUaTeJibHO Ha BeJill411HY K03$$HUlleHTa .no,l\aBJieHIIR KOMnTOHOB-

6 

\¼ 

CKOro cneKTpa 113-3a yMeHbmeHIIR IIHTeHCIIBHOCTII n11Ka nOJIHOro norJiome

HIIR BCJie,I\CTBlle napa311THNX cosna,l\eHIIH OCTaJibHNX KaCKa,I\HNX r-nepexo

,1\0B IIJIII HeHTpOHOB B ,l\eTeKTOpax aHTIIKOMnTOHOBCKOH 3afilllTN. no,l\p06HNH 

aHaJill3 3Toro RBJieHIIR cnenaH B pa6oTe 151 cpaBHeHlleM BN411CJieHHOH 

IIHTeHCIIBHOCTII napa311THNXcCOBna,l\eH~H PT IIJIII Pv B peaKUIIII 

166 Er(
16

o,4nr)
178

os, 11Cll0Jlb3YR COOTHOmeHIIR 

P = n (m-l)e a /4n 
T T 1 

p 
V 

n (v-l)evav/4n 

r,l\e Q - TeJieCHNH yroJI ,l\eTeKTOpOB aHTIIKOMnTOHOBCKOH 3aWIITN. YMeHb

meH11e IIHTeHCIIBHOCTII napa311THNX COBna,l\eHIIH Tpe6yeT yMeHbllieHIIR TeJie

CHOrO yrna n. 3$$eKTIIBHOCTb per11cTpau1111 raMMa-KBaHTOB (IIJIII HeHTpo

HOB) o603Ha411M er (IIJI~ ev). Ko3tt11u11eHT OCJia6JieHIIR IIHTeHCIIBHOCT~ 

raMMa-KBaHTOB (IIJIII HeHTpOHOB) CJIOeM BOJlb~paMa nepe,I\ aHTIIKOMnro

HOBCKOH samllTOH o603Ha411M ar (IIJIII av>· napaMeTpN e, (i=; IIJIII v) 11 

a CIIJibHO 3aBIICRT OT 3Hepr1111 r.-KBaHTOB II OT 11CllOJib3yeMoro CUIIHTIIJI

JIRTOpa. Hanp11Mep, B pa6oTe 
1211 

per11cTp11poaaJI11 HeHTPOHN, B03HIIKa-
181 · ' · 

vm11e B peaKUIIII Ta(a,xnr)(Ea=90 M38), ,l\eTeKTOpaMII Na! (Tl) 11 BGO 

0,1\IIHaKOBNX pa3MepoB. 8 BGO-KpllCTaJIJie saperncTpHpoaaHo Ha 11% 

6oJibme HeHTpOHOB, 4eM B Na! (Tl)-KpllCTaJIJie. Heo6XOJIIIMNH 06beM aHTII

KOMllTOHOBCKOH 3aWIITN 113 BGO np11MepHO B 10 pas MeHbme, 4eM 06beM 

NaI(Tl)-KpllCTaJIJia, ll03TOMY B nepBOM cJiy4ae 3aper11cTp11pyeTCH B 9 

pa3 MeHbme napa311THNX HeHTpOHOB, 4eM BO BTOpOM. 

HeCMOTpR Ha 3Ha411TeJibHNe YCIIJIIIR, HanpaBJieHHO~ Ha no,l\aBJieH11e 

napa311THNX coana,l\eHIIH C IICllOJlb30BaHNM NaI(Tl), IIHTeHCIIBHOCTb n11Ka 

nonHoro nornomeHIIR yMeHbm11nacb i cpe,I\HeM Ha 18% (113 H11x·s 2% 6NJIII 

OTBeTCTBeHHN cJiy4aHHNe coana,l\eHIIR, B 8%: B3allMO,l\eHCT~II~ HeHT~~HOB 

C 3aWIITHNM KpllCTaJIJIOM NaI(Tl) II OCTaJibHNe 8% 6NJIII o6R3aHN B3allMO

,l\eHCTBIID r-KBaHTOB C TeM lite KpllCTaJIJIOM). 

MepTBOe apeMR cxeMN coana,l\eHIIH (P [%]), KOTopoe CBR3aHO co 
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cnyqaHHliMH cosna.IJ.eHHHMH,B nepBOM npH6nHXeHHH naHO COOTHOWeHHeM 
161 

P = 2,:I , 

r.IJ.e,: - pa3pewaDmee speMH cosna.IJ.eHHH HI - qHcno 3aperHcTpHposaH

HliX HMnynbCOB B ceK B O)l.HOM KpHCTanne CUHHTHnnHUHOHHOH 3amHTli, KO

r)l.a OHa COCTOHT H3 HeCKOnbKHX onTHqecKH H30nHpOBaHHliX CUHHTHnnHio-

·pOB. Pa3pewaDmee BpeMH,: B aHTHKOMnTOHOBCKHX cneKTpOMeTpax 6NBaeT 

o6NqHo .IJ.OCTaToqHo 6onbwoe, HanpHMep, ,:=400 He, qTo6N 6NnH 3aperHc

TpHposaHli see cnyqaH coana)l.eHHH B Ge-)l.eTeKTOpe H B CUHHTHnnHUHOH

HOH 3amHTe. TT03TOMY Bli,O)l.HO yMeHbWHTb 3HaqeHHe I pa3)l.eneHHeM 3amH

Tli Ha HeCKOnbKO qacTeH. 

reoMeTpHqecKoe pa3MemeHHe Ge-)l.eTeKTOpa H 3amHTH010 CUHHTHnnH

TOpa no OTHOWeHHD K HanpasneHHD nyqKa 1-KBaHTOB MOXeT 6NTb CHMMeT

pHqHoe (OCH BXO)l.Horo OTBepCTHH .IJ.nH 1-KBaHTOB H Kono.IJ.ua )l.nH Ge-)l.e

TeKTOpa B CUHHTHnnHTOpe 3amHTN coana)l.aDT C OCbD CUHHTHnnHUHOHHOro 

KpHcTanna) HnH He CHMMeTpHqHoe (OCb BXO)l.Horo OTBepcTHH )l.nH 1-KBaH

TOB H OCb KOnO)l.Ua )l.nH Ge-)l.eTeKTOpa B3aHMHO nepneH)l.HKynHpHlie). npe

HMywecTBO CHMMeTpHqHoro nepe.IJ. He CHMMeTpHqHNM pa3MemeHHeM COCTOHT 

B TOM, qTo MOXHO KOMnaKTHO pa3MeCTHTb 6onbwoe qHcno aHTHKOMnTOHOB

CKHX cneKTpOMeTpOB. XOTH CHMMeTpHqHoe pa3MemeHHe HMeeT H 3HaqH

TenbHNe He)l.OCTaTKH: K03$$HUHeHT no)l.aBneHHH, 6nH3KHH K 1 )l.nH KOMn

TOHOBCKH pacceHHHNX 1-KBaHTOB B Hanpasne~HH Bnepe.IJ. HnH Ha3a)l.; 3Ha

qeHHe c yMeHbWaeTCH )l.nH 1-KBaHTOB C pOCTOM 3HeprHH (nOCKOnbKY 

yr nosoe pacnpe)l.eneHHe KOMnTOHOBCKH pacceHHHNX 1-KBaHT,OB HMee_T ace 

6onee BNCOKHH H Y3KHH MaKCHMYM B HanpasneHHH anepe.IJ.) H HHTeHCHB

HOCTb nHKOB )l.BOHHoro BlineTa no)l.aBneHa nHWb qacTliqHQ H3-3a .ll.BYX 

npOTHBOnonOXHNX OTBepcTHH B 3amHTe. 

Ha OCHOBe Bcex BliWe paccMOTpeHHNX KPHTepHeB H BBH.ll.Y cospeMeH

HNX 803MOXHOCTeH npOH3B0.ll.CTBa BGO-KpHCTannos (orpaHHqeHHe HX pa3-

Mep0B) H HX CTOHMOCTH MN npe)l.nOEHnH KOHCTpyKUHD aHTHKOMnTOHOBCKoro 

8 

( 

cneKTpOMeTpa, yKa3aHHYD Ha pHC.1 H 2. Hawe npe)l.noxeHHe OCHOBaHO Ha 

pacqeTax K03~~H~HeHTa noµasneHHH KOMnToHoBcKoro HenpepNBHoro cneK

Tpa MeTO)l.OM MOHTe-Kapno (CM. 1221 ). MaTeMaTHqecKHH annapaT MeTO)l.a 

MOHTe-Kapno, KOTOpliH npHMeHHnCH .IJ.nH 1-cneKTpOMeTpOB, )l.OCTaToqHo 

no.IJ.po6Ho paccMoTpeH B pa6oTax 123 • 241 

. 
EonbWHHCTBO pacqeTOB HaMH C)l.enaHO )l.nH peanbHOro Ge(Li)-)l.eTeK-

TOpa (c 3$$eKTHBHOCTbD 6%, ~E1=2,25 K3B H P/C=20 )l.nH E1=1332 K3B). 

MN Hcnonb30BanH HeCKOnbKO ynpomeHHYD $OPMY Ge(Li)-)l.eTeKTOpa: 3TO 

UHnHH.ll.P c )l.HaMeTpOM 40 MM, BNCOTOH 50 MM, BHemHHM MepTBNM cnoeM 

(n-THna) TonmHHOH 1,5 MM H BHYTPeHHHM MepTBNM 06'beMOM (p-H.IJ.pO) B 

BH)l.e UHnHH.IJ.PHKa )l.HMeTpOM 14 MM H BNCOTOH 40 MM, ero OCb coana)l.aeT 

C OCbD Ge(Li)-KpHCTanna. neTeKTOp Ge(Li) noMemeH B qexon H3 anDMH

HHH c TonmHHOH CTeHli 2 MM. 3TOT napa3HTHliH cnoH MU yqHTUBanH npH-

6asneHHeM K BHemHeMy n-MepTBOMY cnoD )l.OilORHHTe./IbHO 1 MM repMaHHH, 

am1.1Iom•rno pa60Te pa6oTe 1221 . B KOHeqHoM cqeTe, Mli pa6oTanH c 

BHemHHM napa3HTHliM cnoeM Ge(Li) TonmHHOH 2,'5 MM. 

Ha PHC.3 H 4 npe)l.CTaBneHU pe3ynbTaTU Hccne)l.OBaHHH BnHHHHH Ha 

K03$$HUHeHT no)l.aBneHHH ca qacTH 3amHTli H3 BGO-KpHCTannoB npH pe

rHCTpauHH 1-KBaHTOB C 3HeprHeH 1332 K3B. nng 3TOH 3HeprHH 1-KBaH

TOB BnHRHHe H3MeHeHHH )l.nHHli 3amHTli (CM. PHC.3) Ha 3HaqeHHe c (E) • 1 

B o6nacTH 3HeprHH OT 200 K3B )l.0 800 K3B He3HaqHTenbHO. HeCKOnbKO 

6onbme 3TO BnHHHHe npOHBnHeTCH B o6naCTH HH3KHX 3HeprHH, OKOno 100 

K3B. cymecTBeHHO H3MElHHeTCH 3HaqeHHe c (CM, pHC.4) )l.nR 3HeprHH . 
nepBHqHliX 1-KBaHTOB, paBHOH 1332 K3B, C H3MeHeHHeM )l.HaMeTpa BGO-H . . 

NaI(Tl)-KpHCTannoB BO BCeH o6naCTH 3HeprHH OT 100 K3B )l.O 1100 K3B . 

3aBHCHMOCTb c (E) OT 3HeprHH paccqHTUBanacb C maroM 20 K3B H no-• 1 . 

nyqeHHlie pe3ynbTaTU ycpe)l.HHnHCb npoBe)l.eHHeM qepe3 HHX nnaBHOH KpH-

BOH. Ha PHC,5 npHBO)l.HTCH cpe)l.HHe 3HaqeHHH K03$$HUHeHTa no)l.aBneHHH 

.IJ.nH pa3HliX .IJ.HaMeTpOB 3amHTHliX CUHHTHnnHTOPOB B 3aBHCHMOCTH OT 

9 
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a) CeqeHHe 'AeTeKTopa B nnocKOCTH OCH 'AeTeKTOpa HOCH KOnO'AUa 

'AnH Ge-KpHCTanna. B-B - nnoCKOCTb C OCbD KOnO'AUa 'AnH Ge

KpHCTanna. raMMa-H3nyqeHHe nona'AaeT Ha Ge-'AeTeKTOP qepe3 

KOHHqecKoe OTBepCTHe B NaI(TI)-KpHcTanne. 

6) 3a'AHHH CTeHKa aHTHKOMnTOHOBCKOro 'AeTeKTopa c pa3~eMaMH 

ceMH !pOTOYMHOJP.HTeneH OT BGO - KPHCTannoB H 'ABYX !pOTO

YMHOJP.HTeneH OT 'ABYX nonoBHH Na! (Tl)-KpHcTanna. 
io 

V 

A-A 

,, -: ...... --· 

QPIQL ISOLATED '--. __ 

B-B 

c-c 

PHC.2.CeqeHHH aHTHKOMnTOHOBCKOro 'AeTeKTopa, A-A - ceqeHHe none

pe'AHeMy NaI(Tl)-KpHCTanny, 'AHaMeTp 160 MM, BNCOTa 40 MM. 

B cepenHHe noKa3aHO BXOAHOe OKHO nnH r-H3nyqeHHH. B-B -

ceqeHHe BOCH Kononua nnH Ge-neTeKTopa. c-c - ceqeHHe ceMH 

BGO-KpHcra.n.nos c nHaMeTpoM 

BH'A "UBeTKOB p0M3WKH". 
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PMC.3 3aBMCMMOCTb K03¢¢MUMeHTa no,n,aBReHMll 

KpMCTaRROB. nepBM'lHNe r-KBaHTN C 

1.00 

C ( E ) 
s ,'l 

OT 

3HeprtteH 

1.20 1.40 

BNCOTN BGO-

1332 K38 

perMCTpHpOBaRMCb "peaRbHNM" Ge (Li I- ,n,eTeKTOpOM (CM. TeKCT) . 

.QRMHa KpMCTaRROB 6paRaCb paBHOH 131 MM ( -- ), 111 MM ( 

M 91 MM ( -·- ). BHelliHMH ,D,MaMeTp 6NR scer,n,a paBeH 160 MM. 
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Pnc.5 Cpe,n,HMe 3Ha'leHMll K03ilJilJMUHeHTa no.n.asReHMll c B 3aBMCHMOCTM OT 

3HeprMM nepBH'IHblX r-KBaHTOB )),RSI BHemttero ,D,MaMeTpa sa111MTN: 

130 MM ( -·- ), 160 MM ( 

Ge(Li)-,n,eTeKTOpa. 
13 
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9HeprHH nepaHqHNX r-KBaHTOB. C yaenHqeHHeM HX 9HeprHH OT 500 K9B 

.110 3500 K9B pacTeT BRHHHHe H3MeHeHHH .IIHaMeTpa 3aWHTHOro CUHHTHn

RHTOpa Ha 3HaqeHHe c •. 

BHeWHHH 3aWHTHaH qaCTb aHTHKOMnTOHOBCKOro cneKTpOMeTpa coc

TOHT H3 7 BGO-KpHCTannoa (0 60 MM, .IIRHHa 135 MM) H Na! (Tl)-CUHH

THRRHTOpa (0 160 MM, TORWHHa 40 MM), KOTOPNH HMeeT BXOAHOe KOHH

qecKOe OTBepCTHe ARH r-H3nyqeHHH (BHeWHHH AHaMeTp OTBepCTHH 18 MM, 

BHJTpeHHHH 45 MM) (CM. pHC.1). CeqeHHe c-c qepe3 BGO-~UHHTHRRHTOpbl 

HMeeT BHA "POMaWKH". TaKaH tt,opMa MaKCHManbHNM o6pa30M HCnOnb3yeT 

BGO-CUHHTHRRHTOPN, nocKORbKY cyMMapHaH nnomaAb CUHHTHRRHTOpOB yae

nHqHaaeTCH Ha 57,71. no cpaaHeHHD c nnomaAbD Kpyra c AHaMeTpOM 120 

MM. 0TAeRbHNe BGO-KpHcTannN B3aHMHO onTHqecKH H30RHpOBaHN cnoeM 

anDMHHHH TORWHHOH 0,1 MM. B nepeAHeH qacTH BGO-KpHcTannoB HMeeTCH 

UHRHHApHqecKOe OTBepCTHe AHaHeTpOM 65 MM (HnH 77 MM) ARH Ge-AeTeK

TOpOB c stt,tt,eKTHBHOCTbD So/. (HRH 20o/.). 

nepeAHHH NaI(Tl) MO%eT 6NTb pa3AeneH Ha ABe nonoBHHN, KOTOpble 

onTHqecKH H30RHPOBaHN APYr OT APYra H CHa6xeHN tt,OTOYMHOJlHTenHMH. B 

9TOM cnyqae aHTHKOMnTOHOBCKYD 3aWHTY B03MOJIHO HCnonb30BaTb H KaK 

napHNH cneKTpoMeTp. 

BTopoH KOHCTPYKUHOHHNH aapHaHT, 6e3 co6CTBeHHNX tt,OTOYMHOJlHTe

neH .11nH NaI(TII, 6onee KOMnaKTeH. 0.11HaKo a pa6ore 1121 6Nno ycTa

HoaneHo, qTQ 9KCnepHMeHTanbHOe 3HaqeHHe K09$$HUHeHTa noAaBneHHH 

B6nH3H KOMnTOHOBCKOH rpaHH HHXe no cpaBHeHHD C pacqeTOM MOHTe-Kap

no. ABTOPN pa60TN 1121 o6~HCHHDT 9TOT Aett,HUHT nnoxoH rpaHCMHCCHeH 

CUHHTHRRHUHOHHNX HMnynbCOB H3 Na! (Tl 1-KpHcTanna qepe3 BGo·-KpHcTan

nN. 

HaMH 6Nno HCcneAOBaHo BRHHHHe OTAeRbHNX qacTeH aHTHKOMnTOHOB

CKOH 3aWHTN Ha aenHqHHY c (E) .IIRH 60 co (CM. pHC.6 H 7). UeHTpanb
• T 

HNH BGO-KpHCTann BRHHeT Ha no.11aaneHHe KOMnTOHOBCKoro cneKrpa B 06~ 
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PHC. 6 BnHHHHe qacTeH BGO- 3amHTN Ha K09t1Jt1JHUHeHT no.11aaneH.HSI. JlnHHa 

KPHCTannoa 6panacb 131 MM H BHeWHHH AHaMeTp 160 MM. 

"PeanbHNH" Ge [Lil-AeTeKTop. IlOKa3aHbl KOMnTO,HOBCKHe cneKTpbl 
60

co 6e3 IlHKOB nonHoro nornomeHHH,.KOrAa 3aWHTa COCTOHna H3 

ueHTpanbHOro BGO-KpHcTanna ( X ), BHemHHX KpHCTannoa BGO ( + 

H acex KpHcTannoa ( * ). 

15 
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PHC.7 BRHRHHe BGO•KpHCTaRROB ( x ), NaI (Tl)-KpHCTaRRa ( +) H BGO+ 

NaI (Tl) 3amHTU ( * ) Ha K03~~HQHeHT no~aaReHHR. OcTaRbHUe 

ycROBHR, KaK Ha pHc.6. ITOKa3aH H cneKTp H3MepeHHUH 6e3 aHTH

KOMnTOHOBCKOH 3amHTU ( * ). 

16 

RaCTH 3HeprHH MeHbWe 400 K38, nepH~epHHHUe BGO-KpHCTaRRU - Ha 06-

RaCTb 3HeprHH OT 400 K3B AO 800 K38 H nepeAHHH NaI(Tl)-KpHCTaRR -

Ha o6RaCTb 3HeprHH OT 850 K38 AO 1150 K3B. CyMMapHaR Harpy3Ka OT 

KOMnTOHOBCKH pacceRHHUX r·KBaHTOB pacnpeAeRReTCR M6XAY OTAeRbHUMH 

3amHTHUMH KpHCTaRRaMH B cReAyDmeM OTHOWeHHH: KaXAUH H3 6 nepH~e

pHHHUX BGO-KpHCTaRROB HMeeT 3arpy3KY, paBHYD 10,7%, QeHTpaRbHUH 

BGO-KpHCTaRR - 25,2% H NaI [Tl) - 12,6%. 

OTHOWeHHe HHTeHCHBHOCTH nHKa noRHOro norRomeHHR K HHTeHCHB

HOCTH acero cneKTpa (P/T) MU pacCYHTaRH ARR Ge(Li)- AeTeKTOpa 

(aumeyKa3aHHUX pa3MepoB) 6e3 H C aHTHKOMnTOHOBCKOH samHTOH ARR 

nepBHYHUX r-KBaHTOB c 3HeprHeH OT 200 K38 AO 3500 K38 (CM, PHC.8). 

CymecTBeHHUM o6pa30M noaumaeTCR 3HaYeHHe P/T ARR aHTHKOMnTOHOBCKO

ro cneKTpOMeTpa yxe OT 3HeprHH nepBHYHUX r·KBaHTOB, paBHUX 400 

K38. 

BRHRHHe BHeWHHX MepTBUX CROeB Ge(Li)-AeTeKTopa Ha aeRHYHHY 

K03~~HQHeHTa noAaBReHHR aeCbMa cymecTBeHHO H noAp06HO HCCReAOBa

ROCb B pa6oTax 14 • 81 . B pa6oTe 181 CAeRaHO 3aKRDYeHHe, YTO cpeAHee 

3HaYeHHe c. yaeRHYHTCR Ha 50% npH yMeHbWeHHH TORmHHU BHemHero Mep

TBOro CROR c 1 MM Ha 0,3 MKM (THnHYHOe 3HaYeHHe ARR caepXYHCTOro 

Ge-AeTeKTOpa n-THna). IT03TOMY MU npoaeRH pacYeT HARR Ge-AeTeKTOpa 

C pa3MepaMH, yKa3aHHUMH aume, OAHaKO, B npeAnOROXeHHH, YTO MepTBUH 

n-CROH HMeeT TORmHHY 0,3 MKM H B QeHTpe AeTeKTOpa HMeeTCR OTBepc

THe AHaMeTpOM 13,2 MM c TORmHHOH BHyTpeHHero p-CROR 0,4 MM. HaKo

HeQ, MU paCCYHTaRH K03~~HQHeHT noAaBReHHR ARR caepXYHCToro Ge-Ae

TeKTopa n-THna c 3~~eKTHBHOCTbD 30%, AEr=1,9 K3B, P/C=60 ARR 

Er=f332 K3B, KOTOPUH 6UR HCnORb30BaH B pa6oTe 
1121

. BHemHHH AHa

MeTp 3Toro AeTeKTOpa paaeH 49,4 MM, BHCOTa 59,3 MM, p-cepAQeBHHa 

HMeeT AHaMeTp 8 MM H BHCOTY 39 MM. MepTBUH CROH p-THna HMeeT TOR

mHHY 0,4 MM H C03AaeT CTeHKY p-cepAUeBHHH. ToRmHHY n-MepTBOro CROR 

(= 0,3 MKM) Mhl He yqHThlBll.lIH, 

17 
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PHC.8 OTHOWeHHe HHTeHCHBHOCTeH nHKOB nonHoro nornomeHHH (P) K 

HHTeHCHBHOCTH acero cneKTpa (T) 6e3 ( ) H C aHTHKOMnTo-

HOBCKOH 3aWHTOH ( --) B 3aBHCHMOCTH OT 3HeprHH nepBH4HNX 

r-KBaHTOB. 

18 

/ 

~YHKUHH OTKnHKa ~nH 3THX Tpex ~eTeKTOPOB ~nH 3HeprHH 1332 K3B 

H npe~naraeMaH aHTHKOMnTOHOBCKaH 3aWHTa npHBe~eHN Ha pHc.9, r~e 

~nH cpaaHeHHH ~aHa H ~YHKUHH OTKnHKa ~nH Ge(Li)-~eTeKTopa C aHTH

KOMnTOHOBCKOH 3aWHTOH H3 NaI(Tl)-CUHHTHnnHTOpa (KpHBaH 4) (CM. 

1221 ). OCHOBHNe xapaKTepHCTHKH aHTHKOMnTOHOBCKoro cneKTpoMeTpa H3 

BGO+NaI(Tl) KpHCTannoB npe~cTaBneHN a Ta6nHue 2. 

npe~nonaraeM, 4TO B 9KCnepHMeHTaX Ha ny4Ke paCCTOHHHe Mez~y 

MHWeHbD H Ge-~eTeKTOpOM 6y~eT 10 CM, 4TO COOTBeTCTByeT OTHOCHTenb

HO 6onbWOMy 3Ha4eHHD TenecHoro yrna w=120 MH.lLIIHCTepa~uaHa. KoMnaKT

HOCTb aHTHKOMnTOHOBCKOH 3aWHTN H3 BGO+NaI (Tl) n03BOnHeT pa3MeCTHTb 

TPH TaKHX cneKTpOMeTpa B O~HOH nnoCKOCTH npH coxpaHeHHH w=120 HCP 

~nH Kaz~oro H3 HHX. 

8 3aKnD4eHHe HYZHO no~4epKHYTb, 4TO cymecTBeHHOe nOBNWeHHe 

paapewanmeH cHnN cneKTpoMeTpOB r-H3ny4eHHH HeaoaMOXHO 6ea Hcnonb

aoaaHHH aHTHKOMnTOHOBCKHX cneKTpOMeTpOB H MHoroKpaTHNX coana~eHHH. 

Hcnonb30BaHHe BGO-KpHcTannoB ~nH aHTHKOMnTOHOBCKOH aamHTN cymecT

BeHHNM o6pa3oM noaNwaeT 3Ha4eHHe TenecHoro yrna ~nH Ge-~eTeKTopoa 

H BBH~y 9Toro H 9~~eKTHBHOCTb coana~eHHH npH 6onbWOM 3Ha4eHHH ~aK

Topa no~aaneHHH KOMnTOHOBCKOro cneKTpa. npHMeHeHHe BGO-KpHCTannoB 

B aHTHKOMnTOHOBCKOH 3aWHTe aeCbMa BNrO~HO H BBH~Y cymecTBeHHoro 

noHHXeHHH napa3HTHNX coana~eHHH C HeHTPOHaMH. 

19 
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PHC.9 K03$$HQHeHT no,naaneHHH K0MnT0H0BCKoro cneKTpa ,nnH Er=1332 

K38. 

- BG0+NaI (Tl I , "peanbHhlii" Ge (Li I -,neTeKTop. 

2 - BG0+NaI(Tll, pa3Mepbl Ge-,neTeKT0pa TaKHe Me, KaK H B 

cnyqae 1~ o,nHaKo 6e3 BHeWHero MepTBoro n-cnoH. 

3 - BG0+NaI (Tl), caepxqHCTblH Ge-,ZleTeKT0p n-THna, ero pa3Mepbl 

,naHl:l B TeKCTe. 

4 - NaI (Tl) 3aWHTa (CM. 12211, "peanbHblH" Ge(Lil-1eTeKT0p. 

20 

Ta6nm~a 2. 

PaccqHT3HHlle 3HaqeHHH OTHOWeHHH IlHKOB K cyMapHOMY cneKTPY 
60co 6e3 H c 

aHTHKOHilTOHOBCKOii 3alilHTOii (AK3) H K03l!Jl!JHQHeHT no.naaneHHH KOHilTOHOBCKOro 

cneKTpa ( c 8 ). ii 

CneKTp0MeTp E
1 

[K9B] P/T C 
s 

Ge (Li) 661 0,18 

Ge(Li)+AK3 661 0,50 4,6 

Ge (Lil 1173 0,11 

Ge(Li)+AK3 1173 0,42 5,5 

Ge (Lil 1332 0,11 

Ge(Li)+AK3 1332 0,40 5,6 

Ge (Lil 2754 0,07 

GelLi)+AK3 2754 0,32 6,2 

HPGe l6%l 1332 0,16 

HPGe(6%)+AK3 1332 0,68 11,6 

HPGe (30%) 1332 0,24 

HPGe(30%)+AK3 1332 0,81 13,4 

21 
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