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Reactions 

1 . BBEAEHVlE 

B nocneAHHe rOA~ npoHcxOAHT HHTeHCHBHoe pa3BHTHe HccneAO
BaH~~ B3a~MoAe~cTB~R n~OHOB Man~x H npoMe*yTo4H~x 3HeprHR 
C RApaM~. C T04K~ 3peH~R npORBneH~R AeTaneR MexaHH3Ma nHOH
RAepHo ro B3aHMoAeRcTB~R ~ RAepHo~ CTpyKTYP~ 6onbwoR HHTepec 
npeAcTaBnReT HccneAoBaH~e npo~eCCOB B3aHMoAe~cTB~R n~OHOB 
B o6nacTH 3HeprH~ AO 100 M3B, T.e. np~ 3HeprH~, rAe B Mano~ 
CTeneH~ CKa3~BaeTCR norno~eHHe nHOHOB RAPOM. 

Ba~H~M HanpaBneHHeM HccneAoBaH~R ABnReTCR TaK~e ~3Y4eH~e 
npoueccoB ynpyroro pacceRHHR nHOHOB HH3K~X 3HeprHR Ha BOAopoAe 
~ AeRTep~H, a TaK~e oKononoporoBoro pO~AeHHR n~OHOB nHOHaM~. 

VlccneAoBaHHe npo~eccoB C Y4acTHeM nHOHOB HH3KHX 3Hepr~~ 

npcAbRBnReT PRA Tpe6oBaHH~ K per~cTp~py~~e~ annapaType, CBA
3aHH~X C OTHOCHTenbHO Man~M ce4eH~eM B3a~MoAe~cTB~~, C OTHO
CHTenbHO HH3K~M~ ~HTeHC~BHOCTRMH nHOHH~X nY4KoB, C TPYAHOCTA
M~ AeTe KTHpoBaHHR ~ cneKTpoMeTpHpoBaHHR H~3K03Hepr~4H~x npo
AYKTOB peaKU~~. B 3TO~ CBR3~ oc06eHHO Ba~H~ cOBepweHcTBoBaH~e 
MeToAoB ~ccneAoBaH~R H pa3pa60TKa AeTeKTopoB, oTBe4a~~~x Tpe
6oBaH~RM HH3K03HeprH4HoR n~oHHoR ~H3HKH. 

B na60paTopH~ AAepH~x np06neM OVl~Vl COBMeCTHO C MVl~Vl ~ Vl~Vl 

AH CCCP 3aBepwaeTcR c03AaH~e YCTaHoBKH "nHOH", npeAHa3Ha4eHHO~ 

AnR ~ccneAoBaHHR npoueccoB C Y4acTHeM nHOHOB HH3K~X 3HeprH~. 
CocTaBH~MH 4aCTAMH YCTaHoBK~ RBnR~TCR: cUHHTHnnRu~oHH~e H nony
npoBoAHHKoBble cneKTpoMeTpbl, nponopUHoHanbHble ~ Ape~~oBble Ka
Mepbl. PAA AeTeKTHpY~~HX YCTPO~CTB YCTaHoBK~ H MeToA~4ecK~x 
~ccneAoBaHH~ no HHM on~caHbl B pa60Tax 11-8 ' . B HacTOR~e~ pa60Te 
paccMaTpHBaeTcR OCHOBHOR cU~HTHnnRUHOHH~~ 3neMeHT YCTaHoBK~ 
wHpOKoanepTypH~~ rOAocKon-cneKTpoMeTp. 

2. KOHCTPYKUVl~ rOAOCKOnA 

rOAOCKon COCTO~T ~3 12 C4eT4HKOB C nnaCTMaCCOB~MH C~HHTHn
nRTopaMH nno~aAb~ 100x200 MM2 H Ton~HHO~ 90 MM /puc.l/. nOBepx
HOCTH 4eT~pex ueHTpanbH~X C4eT4HKOB /6/ B~no~eH~ nnaCT~HaMH H3 
HeopraH~4eCKoro CU~HTHnnRTopa CsI(Tl) /10/. C~~HTHnnRTop~ 

co6paH~ B 6nOKH TaKHM 06pa30M, 4TO HX nOBepXHOCTH 06pa3Y~T 
pa604~~ 06beM B BHAe nonoro napannenenHneAa AnHHoR 600 MM H 
ce4eHHeM 100xI00 MM 2 .CUHHT~nnRTop~ 3aKn~4eH~ B Kopnyc /8/ H3 



Puc. 1. I. II - C4eT 411 KI1 BpeMA- npOneTHO~ CI1CT e Mbl. 1,2 
MOHI1TOpH~e C4eT4I1KI1; 3 - C4eT411K aHTI1COBnaAeHI1~; 4 
Top4eB~~ C4eT4I1K; 5,6,7 - C4I1HTl1nnATOp~ C4eT411KOB 

rOAOCKona; 8 - Kopnyc; 9 - BxoAHoe OKHO; 10- C4I1H

Tl1nnATOpbl Cs I (Tl): 11 - <!lnaHeu Kopnyca; 12 - BaKYYW 

Hbl~ BBOA; 13 - Tflrl1 CI1CTeMbl nepeABI1~eHI1A TBepAoi1 MV1
WeHI1 14; 15 - CBeTOBOA~. 

Hep)l(aBe~~e~ Cranl1. B 3aBV1CV1MOCTI1 OT Tpe60BaHI1~ 3KCnepl1MeHTa 

Kopnyc MO)l(eT 6~Tb 3anonHeH ra30M I1nl1 OTKa4aH AJlfl pa60T~ C 

TBepA~MI1 MI1WeHflMI1 I1nl1 AJlR 113MepeHI1f1 <!loHa. Kopnyc paCC411TaH 

Ha AaBJleHl1e AD 10 aTM 11 pa60TY co B3p~BoonaCH~MI1 ra3aMI1. Cl1r

HaJl~ OT C4 11HTI1nnATopOB /5/, /6/ 11 /7/ B~BOAATCA 4epe3 CBeTO

BOA~ /15/ K <!loTOYMHo)l(I1TenfiM. nY40K 4aCTI1U npOXOAI1T 4epe3 MO

HI1TOpHble C4eT411KI1 /1/ 11 /2/, 11 4epe3 Bx oAHoe OKHO /9/ nO l1a

AaeT B 06beM Kopnyca /8/. npO~AfI OTBepCTl1e C4eT411Ka aHTI1COBna

AeHI1~ /3/, 4aCTI1U~ BXOAFIT B pa60411~ 06beM, 3a KOTOP~M YCTaHOB

neH TOPueB~~ C4eT411K /4/. CUI1HTl1nnATOp~ Bcex C4eT411KOB no

KP~T~ anIOMI1Hl1pOBaHHO~ Ma~napoBo~ nneHKO~ 11 CBeT0I130nl1pO BaH~ 


APyr OT APyra. 


BxoAHoe OKHO /9/ MO)l(eT 3aKp~BaTbCfI Ma~JlapOM I1nl1 Hep)l(aBelO~e~ 
CTanb~ Ton~I1Ho~ 0,1 MM. B Kopnyce I1Me~TCfI BaKYYMH~e BBOA~ /12/ 
Anfl Tflr /13/ CI1CTeM~ nepeABI1)1(eHI1f1 11 CMeH~ TBepA~x MI1WeHe~ /14/. 
TBepAafi MI1WeHb B BI1Ae nnaCTI1HKI1 MO)l(eT nepeABl1raTbCA Ha Anl1HY 

570 MM 6e3 HapyweHI1f1 BaKYYMa B Kopnyce. B03MO)l(Ha 3aMeHa OAHO~ 
MI1WeHI1 APyro~ 11 B~BOA ee 113 ny4Ka Anfl npOBeAeHI1f1 <!lOHOB~X 113
MepeHI1~. 

KOHTaKT nnaCTI1H 113 Cs I(Tl) 11 CBeTOBOAOB C nnaCTMaCCOBblMI1 

C4 11HTI1nnflT Opa MI1 ocy~eCTBJlfleTCfI 4epe3 OnTI14eCKYlO 3aMa3KY. nO

CneAOBaTenbHOe 3anOnHeHI1e Kopnyca ra3aMI1 11 OTKa4Ka npl1 ero I1C

nbiTaHI1f1X nOKa3anl1, 4TO npOI1C XO AI1T ahcop6UI1f1 ra3a-MI1WeHI1 3a


Ma3KO~ 11 nocneAYIO~aA ero AeCop6UI1f1. 8 pe3 y nbTaTe Aecop6uI111 


B cnoe 3aMa3KI1 Me>+<AY nnaCTI1HaMI1 CsI(Tl) 11 CUI1HTl1nnflTOpaMI1, 


a TaK>+<e Me>+<AY CUI1HTI1JlnflTOpaMI1 11 CBeTOBOAaMI1 B03MO)l(H~ HapyweHI1A 
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onn14eCKoro KOHTaKTa B BI1 Ae nY3blpbKOB 11 pa3 BOAOB. Anfl I1X npe

AOTBpa~eHI1f1 6~no npOBeAeHO I1CCneAO BaHl1e B~3~Ba~~I1X 3TI1 Hapy

WeH I1 f1 ycnoBI1~ 11 YCTaHOBn eH Cne4I1an b H~~ pe~ I1M OTKa4KI1 11 HanOn

HeHIMI MI1WeH I1, I1 CKnI04alO~l1~ nOFIBneHl1 e He~enaTenbHblX 3<!l<!le KTOB. 

B~60p paS Me p OB C411HTI1nnflTOpOB r OAOCKona 11 p a604erO 0 6 beMa 

onpeAe Ji fle TCfI reOMeTpl1e~ nY4Ka , TeXHOnO rl1 4eC KI1MI1 B03MO~HOCTfI MI1 

113rOTOBne HI1f1 nnaCTI1H 113 CsI(Tl ) 11 3 Heprl1e~ npOAYK TOB pea K4 11~ 
I1CCneAy eMbIX <!l113114eCK I1X np04eCCO B. Bbl6paHHafi TOnll1l1Ha nn aCTMaC

COBblX ClII1Hn 1nJlflTOp OB AOCTaT04Ha Anfl OCTaHOBKI1 B HI1 X m1OHOB 

C 3Hep rl1e ~ AO 70 M3 8 . Ton~I1Ha YCTaHaBnI1BaeM~X B rOAOCKone nna
CTI1H Cs I(TI) Mo~eT Bapb l1 pOBaTbCfI OT HeCKOnbK~I1>': COT MI1K POH AO 

12 MM. 8 nnaCTI1He Hal160nbWe~ Ton~I1H~ MorYT OCTaHaBnl1Ba T bCfI npo

TOH~ C 3Hep rl1 e~ 70 M3B. 

np l1 I1 Cn~TaH I1 f1X 11 pa60Te rOAOCKona Ha nY4Kax Me30HHoro TpaK-

Ta CI1 HXpOll l1KnOTpOHa fl a60paTopl111 flAepH~X np06neM O~~~ pa3Mep~ 

MOH I1TOp HOro C4eT411Ka /2/ 11 OKHa B C4eT411Ke aHTI1COBnaAeHI1~ /3 
6blnl1 Bbl6 paHbi paBHblMI1 50x50 MM 2 , 4TO n03BOnl1nO I1CKJl~4I1Tb 4aCT114~ 
nY4 Ka, nonaAa~ll1l1e Ha Ctjl1HTl1nnATOpbl rOAOC Kona. n PI1 YKa3 aHH~X 

pa3Mepax C4eT411KOB B rOAOCKone MO)I(HO perl1CTpl1pOBaTb npOAYKTbl 

B3aI1MOAe~C T BI1f1 B I1HTepBane yrnoB 20-;- 160°. 
C4 I1H Tl1nnflTOp~ C4eT411KOB 06beAI1HeH~ B Tpl1 ceK41111: /5/, /6/, 

/7/ , KOHCTPYKTI1BHO He3aBI1CI1Mbie APyr OT APyra, 4TO ynpo~aeT I1 X 

C60P KY 11 n03BonfleT, YAanAA n~6y~ 113 CeK411~, 113MeHflTb pa60411~ 

06beM, BBOAI1Tb 11Hbie AeTeKTl1pY~~l1e YCTpoi1CTBa. 

3. C4ET4~K~ 

Jl.nfl nnac TI1H CS I (Tl), I1cnon b3yeMbix B rOAOCKone, 6blnl1 npOBe

AeH~ I1CCJleAOBaHI1f1 3HepreTI14eCKOro pa3peWeHI1f1, OTHOCI1TenbHOro 

CBeTOB~xoAa Anfl npOTOHOB, Ae~ToHoB 11 anb<!la-4aCTI1U, 3aBI1CI1MO

CTI1 CBeTOB~xoAa OT 3Heprl111 11 MeCTa nOnaAaHI1f1 4aCTI1U~, Ton~I1H~ 

nOBepxHocTHoro He4YBcTBI1TenbHoro cnofl. ~ccneAOBaHI1f1 npOBOAI1

JlI1C b Ha MOHoXpOMaTI14eC KI1X ny 4Kax npOTOHOB, Ae~ToHoB 11 an b<!la

4aCTI1U C 3Heprl1e~ AD 15 M3B /aH,?eM-reHepaTopa UeHTpanbHoro 
I1HCTI1TYTa <!l11311KI1 B EiyxapeCTe ' 1,2 . 

nonY4eHH~e pe3ynbTaT~ nOKa3anl1, 4TO 3HepreTI14eCKOe pa3pe

WeHl1e Anfl npOToHOB 113MeHfleTCfI OT 8,5% npl1 3Heprl111 3 M38 AD 

5,7% - npl1 3Heprl111 15 M3B. 3aBI1CI1MOCTb CBeTOB~XOAa OT 3Heprl111 

npOTOHOB OT 3 AO 100 M3B nl1He~Ha /puc.2 11 3 / / 1,2 , 9 / . TOJllI\l1Ha 

nOBepxHocTHoro He4YBcTBI1TenbHoro cnofl OKa3anaCb paBHo~ 

-5 Mr/cM~ OTAenbH~e nnaCTI1H~ OTJll14anl1Cb B CBeTOB~XOAe MaKCI1

ManbHO B 1,4 pa3a. Anfl rOAOCKona Bbl611panl1Cb nY4WI1e nnaCTI1Hbl 

C OAI1HaKOB~MI1 xapaKTepl1CTI1KaMI1 11 rpynnl1poBanl1Cb no ABe Ha Ka)l(

A~~ 113 4eT~pex UeHTpanbH~X C4eT4I1KOB. Pa36poc Benl1411H Cl1rHaJlOB 

AJlfl nonHoro cneKTpOMeTpl14eCKOro TpaKTa, BKnlO4alOII\ero nnaCTI1HY 
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4- ~Qcmu"" b. 
C~.mo6blKoa • npomoNbl C&emo~b<xoO 

• C5)(H )omHOt;, ~a tI a,u mo wb! OI'TIHOC eB 
o C5) (No) 

M,~ 

101 >6
5 10 15 

5 10 IS 

Puc. 2. 3aBHo1MoCTb CBeTOBbl Puc . 3 . 3asHcHMoCT b CBe TOBbIXO 
XOAOB B Csr (Tl ) OT 3Hep r HH Aa S Cs I (Tl) H Cs I(Na) OT 3 Hep
An~ npOTOHOB ~ Ae~ ToHoB. r~~ anb¢a -4aCT~~ . 

CsI (TI ) /10/, nnacTMaccoBbl 1ii Cl\HH T~nn~ T Op /6 /, CBe TOBOA " 15/, 
B 3 a BH C~MOCT~ OT T04K~ nOB e pXHoe TH C ,-\"'H T ."nn~ Topa Ha nno~aA~ 

100x2 00 MM 2 , He npe Bwwan 9 %. Heo6xoA~MO 3a MeT ~Tb, 4TO 3TH ~C
cneAO BaH~~ npOBOA~n~Cb Ha AByxcno~ HOM C4eT 4~Ke , TO~AeCTBeHHOM 

no napaMeTpaM C4eT4~KaM /6/ B l\e HT panbHo~ 4aCT~ rOAOCKona. 
B itle nonb3yeMbix nnaCTMaeeOBbiX Cl\~HT~nn~Top ax npOBeAeHbl "' 3

MepeHH~ CBeTOBwXO Aa An~ M~OHO B H n~OHOB B ~HTepBane 3HeprH~ 
20 7 80 M3B ~ An~ npOTOHOB - B ~HT epBane 3Hep r~~ 20 7 20 0 M3B ! 7! 
YCTaHoBne HO. 4TO 3aB~C~MOCTb cBe To sblxoAa OT 3H epr~~ n~He~Ha, 

~ cBeToBblx oAbi An~ M~OHOB, nHOHOB H npoToHoS 0AHHX ~ Tex *e 
3HeprHi1 0A~HaKoBbl / CM. puc. 4- 6/ . 

B C4eT4~Kax 60KOSbiX CeKl\Hi1 lSI ~ /7/ ~cnonb30BaHbl 4>3Y-ll 0, 
S C4eT 4HKax ~eHTpanbHoi1 CeKl\H~ /6/ - 4>3 Y-495. Bee ¢3Y pa6oTa~T 
B cneKTpOMeTpH4eCKOM pe*~Me. nOA6op Aen~Tene~ 4>3Y npOH3soAHnc~ 

TaK~e H swpaSHHsaHHeM 30HHblX xapa KTepHc THK no nno~aA~ ¢OTO
Ka TOAa C nOMO~b~ HMnynbcHbix HCT04HHKOB CBeTa, yCTaHaBnHsaeMbiX 
B l\eHTpe $OTOKaTOAa H Ha paeCTO~HHH 30 ~ 6 0 MM /An~ 4>3Y- 495/ 
OT l\eHTpa. 4>3 Y C KpHCTannOM NaI(Tl ) AHaMeTpOM 70 MM H BbICOTO~ 
70 MM V!Me~T pa ape weH He He xy~e 8% OT Y -Io1C T04H HKa BO Ca. Bce 
OH H 3 aK pblTbi 3K paH aMH An~ V!CKn~4eH H~ Bn~~ HH~ MarHH THWX none~. 
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' ,0 

e·nPOTOH.1 

0,5 

Puc. 4 
100 200 

.l, 

I.' 

Puc.4,5~ 6 . 3aB~c~MOCTb CBeTO
BblXOAOB B nnaCTMaCCOBOM C,-\~H

T~nn~Tope Ha OCHOBe nonH o·nMClt'l ... 

CT~pona OT 3Hepr~~: An~ npo . · "HOOHW 

TOHOB - 4; An~ nHOHOB H ~. 


M~OHOS - 5; An~ nHOHOB ~ 


npOTOHOB - f. 


Puc.S 

lC ' 0 10 .. Mol> 
.t • . nPOTOHW 

0 , nOlOHIO 

~5 

Puc. 6 
10 30 so 70 M3 
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B C4eT4!.1Ke aH T!.1COBnaAeH!.1H 131 !.1CnOn b 3 0BanCfl $ 3Y AVP-56. 
He3$$eKT!.1BHO CT b aHT!.1COBnaAeH!.1H !.1aMepRnaCb np!.1 aaMeHe C~!.1HT!.1n

n RT opa C OTBepC T!.1e M - Ha cnnOWHoH . OH a OK a aanaCb paBHoH 
2 · 1 O-~ B C4e T 4 !.1 Ke 141 YCT a HOBIleH <!l 3Y XP- 2040. 3TOT C4eT 4!.1 K MO 

~eT B~nonHRTb HeCKOIlbKO ¢YHK~ !.1 H: pa60 TaTb B pe~!.1Me aHT!.1COB
naAeH!.1H , per!.1CTp!.1pOBaT b He HTPoHbl, a Ta~e I'I AeHT!.1 ct>!.1 ~ !.1 pOBaTb 

1'1 cneKTpOMeT p t.1 pOBaT b 17+ - MeaOHbl C 3Hepr!.1RM!.1 AO 100 M3B. B pe

~t.1Me t.1AeHTt.1$!.1 Ka~ t.1t.1 17 + -MeaoHoB 3ct>¢e KT!.1 BHO CT b pe r t.1 C Tpa~!.1!.1 C4eT
4 !.1 Ka 141 COCT a Bn~eT - 47%np!.1 paapeWeH!.1!.1 ~2 M3B AnR TT+-Me aoHoB 
C 3Hepr!.1eH 40 M3B. 

4. np~Hu~n PA60T~ 

np!.1H~!.1n pa60T~ rOAOC Ko na cIle AYIOIl1 !.1 i1. n pOAY KTbl Baa!.1MOAei1 CT B ~1 R 

n!.10Ha nonaAalOT B AeTeKTOp~. AKT Ba a t.1MOAei1 c T B!.1 R pe r!.1CTp!.1PyeTcR 
no 0AHOBp e MeHHOMY nORBIleH!.11O !.1 MnynbcoB cOBnaAe H!.1 i1 OT MOH!.1TOPH~X 

C4eT4!.1KOB 1-1 C4 e T 4!.1KOB rOAOCKOn a!.1 OTCYTC T BI-1 IO C!.1rHaIlOB aHT !.1 
cOBnaAeH!.1H. CIl Oi1 Cs I (T1) cnY~!.1 T AnR perHCTpa ~ !.1 !.1 !.1 cne KT pOMeT
pl-1pOBaH!.1R KopoTKonp06e~Hblx 4aCT !.1L\ 1-1 Y -K Ba HTO B, nnaC TMacco
B~e C~I-1HTl-1nIlRTOp~ - AIlR B~AeneH!.1 R AIl !.1 HHOnp06e~H~x 4aCTI-1~ !.1 
HeHTpoHoB. nOIlY4eHH~H TaK!.1M 06paa oM y npaBIlRIOll11-1H !.1MnYIl bC paape
waeT oT6op C06~T!.1H, YAOBIleTBOpRIOIl1!.1 X KI-1 He MaT!.1 Ke !.1CCIl e AyeMoro 
npo ~ecca. Ka~A~H KOHKpeTH~H npo~ecc x ap a KTep!.1 ayeT c R onpeAeIleH
HOH KOM6!.1Ha~l-1eH Cl-1rHaIlOB OT AeTe KTopO B B a a BI-1C!.1MOCTI-1 OT T!.1na, 
4!.1CIla per!.1CTpl-1pyeMblx 4aCT!.1~ 1-1 I-1X npOH !.1K alOll1 e i1 cnoc06HO CTI-1. He
o6xOA!.1Mble IlOr!.14eCK~1e !.1 cneKTpO MeT p!.14eCK l-1 e C!.1rHanbl BblAeIlRIOTCR 
3IleKTpoHHoi1 6IloK- cxeMoH, 3aTeM !.1H¢OpMa ~!.1R HanpaBIlReTcR AIm 06
pa60TK!.1 Ha 3BM. 

3IleKTpo HHaR 6noK- c xe Ma c06paHa !.13 6IlOKOB RA ep HoH 3ne KTpOH!.1
K!.1, pa3pa60TaHHbi x B na60paTOp!.1!.1 RAepHblX n p06IleM / 10 , 11 /• ~MnYIlbCbl 
4aCT!.1~, 3ape r!.1CTp!.1pOBaHHblX B Cs I(Tl ) !.1 nIlaCTMaC COBbl X C~!.1H T !.1Il

IlRTopax, p a3AeIlRIOT c R Cne~!.1aIlb HO pa3pa6 0TaHHblM!.1 3 n eKTpOHHbIM!.1 
CXeMaMI'I - A!.1CK p !.1 M!.1HaT OpaM!.1 ¢O PM~ !.1MnynbcoB IA$M/, npeAHa3 Ha4eH

H~M!.1 AIlR pa3AeIleH!.1H C!.1rHaIlOB OT ABYX CIlOHHoro C L\I'I HT!.1IlnR~!.10HHOrO 

AeTeKTopa n o ¢opMe BblxOAHoro \o1MnYIlbca ct> 3Y \01 cneKTpOMeTpl'lpOBa
H!.1R C!.1rHana OT Cl\!.1HT!.1IlIlRTOpa Cs I(Tl ). 

5IlOK- c xeMa ~$~ np!.1BeAeHa Ha puc . ? OHa pa60TaeT B aMnIl I-1

TYAHOM A!.1ana30He -700 17 MB 75 S/ . BblxoA Hble C!.1rH aJ1b1 COOTBeTCTBY
lOT CTaHAapTY NIM. Ha B~XOAax ~.M ¢OP M!.1 PYIOTCR IlOr!.14eC K!.1e C!.1 r 
Ha nbl 4aCT!.1~, OCTaHOB!.1BW!.1 XC19 B CIloe CsI (Tl) IBbIXOA"P " I,oc
TaHO B!.1 BWI-1X CR I'IIl!.1 npOWeAW !.1 X nIlaCTMa CCO B~H C~!.1H Tl-1 nIl R TOp IB~xoA~ 
" TT " !.1 "TT"'I . Bbl XOA " AA" !.1CnOIl bay e TC 19 AIlR aMnIl VTT YAHoro aH a Il !.1 
3a Cl-1rHaIlOB OT Cs I(Tl) . 

C4eT 4HKI'I c ABYXCIlOHHblM!.1 C~!.1HT!.1IlIlRTOpa M!.1 COBMe CTHO C A!.1CKP !.1 
M!.1 HaTOp aM!.1 ct>O P Mbl !.1 MnYIlbc a BblnOIlHRIOT BalKHeH W!.1e ¢YH K~ !.1V1 rOAo
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p 

r' 

L-______________________~,, ~ 

L-________________________________~, AA 

PUc.? 6IlOK- c x eMa A!.1 CKp!.1M!.1HaTOpa ct>OPMbl !.1MnYIl bc a: Y -

YC!.1Il !.1 Te Ilb , ~ - A!.1CKp!.1M!.1HaTOp H!.1~HerO y pOBH R , ~U - AI-1¢¢e

p eH L\ !.1 pY lOll1aR ~en b, OB - OAHOB!.16paTOp, • - ct>Op M!.1 pOBaTeIlb 

HM n YIl bca no aaAHeMY ¢pOHTY BxoAHoro C!.1r HaIla, C - CMeC!.1
TeIlb, CC - cxeMa COBn aAeH!.1H . 


CKo n a - pa aAen RIOT 4aCT!.1 ~~ no !.1X npOH!.1KalOll1eH cnOC06 HOCT!.1. n 03 
TO MY He06 xOA!.1MO 6blIlO Tll1aTen bHO !.1 CCneAOBaT b 3¢¢eKT!.1BHOC T b p a a 
Aene HIo1R 4a C T!.1~, per!.1CTp!.1pyeM~x B KalKAo M cnoe. 

~aMepeH!.1R npOSOA!.1Il!.1Cb B npR MblX nY4Kax npOTOHOB !.1 n!.10HOB 
Me30HHoro TpaKTa nRn Ha C4eT4I-1Ke, !.1AeHTV14HOM YCTaHaBn!.1BaeMblM 

B rOAOCKone. TOIlIl1!.1Ha cnOR (; s I(Tl) Bapb!.1p08anaCb OT 2 AO 10 MM, 

TOIlIl1!.1Ha nnaCTMa CCOBoro C~ !.1 HTI'IIlIlRTOpa - OT 25 AO 250 MM. 
~aMepeH!.1R nOATBePAVTIl!.1 HaAelKHOCTb B~6paHHoro MeTOAa !.1A e HT!.1 

¢!.1Ka~!.1!.1 4aCT!.1~ B rOAOCKone. TaK, AIlR npOTOHOB C 3Hep r !.1eH 
25 M3B, nOIlHOCTblO OCTaHaBIlI-1BalOlI\!.1 XCH B CIloe CsI (Tl), OTHOWeH!.1e 

C4eTOB Ha BblXOAa x ~$~ N " 17 " I N " p" COCTaB!.1IlO - 0,015 . ~3MepeHHb1H 
3 HepreT!.14eC K!.1H cneKTp npOTOHOB nY4 Ka C BblXOAa "AA" C T0 4 HOCTblO 
AO 2 ~ no W!.1p!.1He pacnpeAeIleHV1R COBnaIl co cneKTpOM, !.1 3MepeHHblM 

MerOAOM KPV1BOH nOrIlOll1eH!.1R . 
B CB OIO 04epeA b, AnR n!.10 HO B, n pOXOAHlI\V1X CKB03b CIloi1 CsI (Tl), 

OTHOWeH!.1e C4eTOB N" p" / N " 17 " COCTaBV1IlO - 0,001. 

5. ycno st.1f\ PA60Tbi ~ ¢OH 

B03MOlKHOCT!.1 !.1 YCIlOB!.1R pa60T bl rOAOCKona MOlKHO n pO aHaIl l-1al-1 pOBaTb 

Ha n p !.1Mep a X !.1CnOIl b30Ba HI-1R ero AIlR V1ccIleAoBaHV1H HeKOTOp~X KO HK
peT HblX ¢V13V14eC K!.1X npo~eCCOB. 

Ha !.1 6 0Ilee npocToH pe lKV1 M V13Me p eH !.1 H peaIll-13yeTc H np!.1 per!.1C Tpa

U!.1 !.1 Ha COBnaAe H!.1e C n Y4 Ko BoH 4acTV1~ei1 OAV1H 0 4 Horo npo Ay KTa ee 
B3a!.1MOAeHcT BV1 R. Ta KV1M o6pa30M MO~HO V1 aMep RTb yn p y roe p a c ceR
HV1e n!.1 0 HOB Ha HApax. 3Ta Boa MO~HOCTb 6 b1Ila n pO BepeHa Ha nY4Ke 
nV10HOB Me30HHoro Tp aKT a CV1HXPO~V1 KnOTpOHa nR n. 6~nV1 n pOBeAeHbI 
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H3MepeHHH cbOHOBWX ycnoBHH H OueHeHa CKOPOCTb CyeTa npH ~3Mepe
HHHX AHcbcbepeHUHanbHWX CeyeHHH ynpy r oro p aCCeHHHH nHOHOB C no
MOll\blO HHTerpanbHOrO MeTOAa, paCCMOTpeHHOrO B pa60Te 1 12 /, I1Hcbop
MaUHH 0 AH¢¢epeHUHanbHbiX CeyeHHRX H3BneKaeTCH H3 3aBHCHMOCTH 
CKOpOCTeH CyeTa OT nonOmeHHH MH weHH B pa60yeM 06beMe. 

OCHOBHblM HCTOYH YlK OM <!>OHa npH perHCTpaUHH y npyro pacceHHHblx 
nHOHOB Ta KYl M MeTOAoM RBnRIOTCH MIOOHW, nonyyeHHWe BCneAcTBHe 
paCnaAa nHOHOB nY4Ka. BenHYHHa <!>OHa 3a BHCHT OT 3HeprHH nHOHOB 
/ YMeHbWaeTCH C ee pOCTON! , OT pa3MepOB OKHa CyeTYHKa aHTHCOB
naAeHHH /YBenHYHBae TCR C YBenHyeHHeM 3TH X pa3MepOB/ , a TaKme ..". 

CYll\eCTBeHHbIM 06pa30M - OT HOMe pa ceKUHH /paCTeT no Mepe YAane
HHH OT C yeT YH Ka aHTHCOBnaAeHHH/. MeTOAOM MO HTe- Kapno 6blnH npo
BeAeHbI paCyeTbI cbOHa OT MIOOHOB AnH pa3nH4Hwx 3HeprHA nHOHOB 
H npH pa3HblX pa3Mepax OKHa CyeTYHKa aHTHCOBnaA e HHH. ConOCTaBne
HHe paCyeTHbiX Ben Yl Y~H C cbOHOBblMH H3MepeHHHMH B OTK ayaHHOM KOP
nyce nOKa3anH, 4TO 60nbWYIO yaCTb 3arpY3KH Bcex Tpex ceKUHH 
MomHO npHnHcaTb pacnaAHWM MIOOHaM. 

CKOPOCTb CyeTa H y poBeH b <!>OHa MomHO npOHnnlOcTpHpOBaTb Ha 
npHMepe npoBeAeHHblX ~1 3MepeHHH C anlOMHHHeBoA Mlo1 weH blO. JJ.nR M~1

weHH pa3Me poM 0 , 5x5x5 CM 3 , pacnonomeHHoA B Hayane pa60yero 06be
Ma, 06nyyaeMOH nY4KOM nHOHOB 3HeprHH 100 M3B C HHTeHCHBHOCTblO 
4. 10 3 c- 1, CYeT none3HblX C06b1THH OT TpeTbeH ceKUHIo1 /H a xOARll\eA

CH B HaH60nee XYAWHX no cbOHY OT MIOOHOB ycnoBHR x/ COCTaBHn 

16 c- 1 npH cbOHOBOH 3arpY3Ke 26 c- 1. CooTBeTcTBY IOll\ee TaKoA CKO

POCTH CyeTa AH ¢¢epeHUH aJlb HOe CeyeHHe ....QE_( 0 = 6 ° ) == 100 M6 

co rnacyeTcH C omHAaeMblM. dQ 


JJ.nH HAeHTH<!>HKaUHH 4aCTHU He Hcnonb30BanHCb Kplo1TepHIo1 no 
3HeprOBbiAeneHHIO B CyeTYIo1KaX rOAOCKona. npHBneyeHlo1e cneKTpOMeT
pHyeCKOH HHcbopMaUIo1H n03BonReT pewaTb 60nee TOH KYle 3aAaYH B 
paCCMaTp lo1 BaeMOM pemlo1Me perHCTpaUHIo1 0AHHOYH OrO npOAYKTa B3aIo1MO
AeHCTBHH. Hanplo1Mep, 6b1na npoaHan lo13 HpOBaHa 101 nO Ka3aHa B03Mom
HOCTb H3MepeHHH Ha YCTaHOBKe nonHblX CeyeHHA (rr+ ."O ) peaKUHA, 
npIo1BOARll\Io1X K 06pa30BaHHIO 10130nHpOBaHHoro B036ymAeHHoro H306ap
Horo aHanorOBoro COCTORHIo1R / I1AC/. MeTOA H3MepeHHH 3a KIl lOyaeTCR 
B perHCTpaUHH B cnoe CsI(TI) pacnaAHblX npOTOHOB C onpeAeneH
HOH 3HeprHeH H3 B036ymAeHHblX YPOBHeA I1AC. 

B0 3MomHOCTH rOAOCKona B HaH60nbweH CTeneHIo1 MorYT npORBIo1TbCH 
npH HccneAoBaHHH peaKUHH C perHCTpaUHeA AB YX H 60nee 4aCTHU 
npOAYKTO B B3aHMOAeHCTBHH. 

Oc06 eHHO 3<!><!>eKT HBHblM npeACTaBnReTCH Io1ccneAOBaHHe np04eCCOB 
ynpyroro pacceR HH R nHOHOB C 3HeprHeA B HeCKonbKO AeCHTKOB M3B 
Ha npOTOHax H AeHTpOHax. MHweHblO cnymlo1T ra3006pa3HblA BOAOPOA 
HJlH AeHTepHH, 3anonHHIOll\He Kopnyc rOAOCKona. npH 1013MepeHHIo1 
AH<!>cbepeHUHanbHblX ce4eHHH ynp y roro rrp -pacceHHHH perlo1CTpH py
IOTCH Ha co e naAeHHe pacceHHHwe nHOH H npOTOH C 0AHOBpeMe HHWM 
H3MepeHHeM 3Hep rHH npOTOHa, OCTaHOBHBwerOCR B clloe e s I(TI) . JJ.nR 
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HAeHTIo1<!>H Ka 4HH y npyroro rrd-pacceHHHH He0 6xOAIo1MO H3Meplo1Tb 
3HeprHIO H AeAT pOH a, 101 nlo10Ha. JJ.a Bne HHe ra3a Bw6HpaeTCH TaK HM, 
YT06b1 AnR AeTe KTHpye Mwx yaCTHU pa36poc HX nOTepb 3He prHH B 
ra3e He npe Bblwan 3He p reTHyeC KOrO pa 3peweHHH Ae Te KTopOB CsI(Tl ), 

B KayeCTBe npH Me pa np lo1 BeAeM OueH KYI B03MomHOCT e H rOAOCKona 
npH H3MepeH HH y npy r oro (rrp) - pacceHHH R C 3HeprYl eH nHOHOB 
40 ~I3B . AHcb<!>epeHUHanbHble Ceye HHR MorYT 6blTb Yl3Me peHbi B yrJlOBOM 
AHana30He / 30 715 0° /. Yr noBoe pa3peweHHe onpeAeJlReTCH paCCMOT
peHHblMH Sblwe 3Ha yeHHRMH 3Hep reTH yec KO ro pa3peweHHR \1' COCT aBJlH
eT 476~ OmYlA ae MaH CKOPOCTb CyeTa AnH nYYKa nlo1OHOB C HHTeHCIo1B
HOCTblO 10 5 c- 1 npH AaBneHHH BOAopOAa 2 aTM. COCTaBIo1T -1 C -1, 

AnH onpeAeneHHR YPOBHH <!>OHa 6blnH npoaeAeHbl H3MepeHIo1H CKO
pocTeA CyeTa cOBnaAeHHA nYYKOBOrO nHOHa C CHrHanaMH OT ABYX 
nlO6blx 60KOBbi X r paHeH OTK ayaHHOrO rOAoc Kona. AnH nYYKa C Io1H
TeHCIo1BHOCTblO 2.1 0 4 C -1 YHCnO TaKHX COBnaAeHHH COCTaBnRJlO 

10,12 c- npH YH~ne c nY4aAH blx cOBnaAeH HA , B 20 pa3 
MeHbweM. BBeAeHHe oT6opa C06blTIo1H AHC KpHMHHaTopOM <!>OPMbl HM nyn b
ca no npOHIo1KalOll\eA cnoc06HoCTIo1 CHlo1maeT Benlo1YIo1HY ¢aHa 60llee ye M 
B 10 pa3. 

6. 3AKnlO4EHI1E 

B 3aKnlO4eHHe nepe4101cnlo1M OCHOBHble oc06eHHOCTH YCTaHOBKIo1, no-
3BOnHIOll\lo1e 3<!>¢eKTIo1BHO Io1cnonb30BaTb ee AnR Io1ccneAoBaHIo1H npoueCCOB 
C Y4aCTIo1eM nlo1OHOB HH3KH X 3Heprlo1H: 

1. 5nlo13Koe K Mlo1weHIo1 pacnonomeHlo1e AeTeKTopoB, CHlo1malOll\ee no
Teplo1 101 nopor nplo1 perlo1CTpaulo1101 yaCTIo1U. 

2. 50nbwoH TenecHblH y ron /reoMeTplo14ecKaR 3<!><!>eKTIo1BHoCTb ueHT
panbHoH 4aCTIo1 rOAOCKona co CUIo1HTlo1nnRTopaMIo1 CsI(TI) nplo1 pa60Te 
C ra30BoH MHweHblO 0,5, a AnH TBepAoH Mlo1weHIo1 - 0,9/. 

3. nplo1MeHeHlo1e AByxcnoAHw x AeTe KT opOB, n03BOnHIOll\ee pa3AeJlHTb 
KopoTKonp06emHble 101 Anlo1HHonp06emHwe 4aC TIo1 UbI 101 Io1AeHTIo1<!>HUHpOBaTb 
Io1 X. 

4. CneKTpoMeTpHpoBaHlo1e 4aCTHU /npoToHoB AO 3HeprHA 70 M3B, 
nHOHOB AO 30 M3B B Cs I(Tl), npOTOHOB AO 3Heprlo1H 200 M3 B 101 nHO
HOB AO 3Heprlo1A 100 M3B B AeTeKTope nHoHoB/. 

5. Perlo1 c TpaUIo1H peaKUHH C HeCKonbKHMH KOHeYHblMIo1 yaCTHuaMIo1, 
B TOM 4101cne B03MomHOCT b perlo1CTpaUHIo1 y -K BaHTOB 101 HeHTpoHoB. 

6. I1cnonb 30BaHHe KaK ra30 BblX, TaK H TBepAblX Mlo1 weHeA. B03
MomHOCTb perYIlHpOBaHHH AaBneHIo1H. 

7. OTCYTcTBlo1e rpOM03AKH X CIo1CTeM, 06ec ne4HBalOll\ee M06HnbHOCTb 
YCTaHOBKIo1 101 Io1cnonb30BaHMe ee Ha pa3HblX nY YKaX yaCTIo1U . 
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