
~"I"'II
11'1'llllltre 

Ilt'lt'T.
la".w,

1I,.III,a'I' 
A"" 

P13-87-760 

A.r.AxnepAJC8UH,' B.A.BypOB8~ A.B8Jlbq~r,3 
B.3abeJlb~ X.30A8H, p.r .KaJlD.81t'l.lIee8. ,2 

. ·3 " 
"·Il·KpJleCOB" P .KOTTe, JO.U.Or8HeCJlH.. 2 
x.-r .OpTJlenn.' m.3:neIDlOaaKeBK'I, C.B.PaAHeB, 
H.A.C8HApeB~ •.CTap.} A.C .•OMJI'IeB, .r.r .'1yfl8PI.H1 

toj30C- 4.-CflEKTPOMETP 
IHO.~CTBEHH~X npOAYKTOB 

8~~PHNX PEAKQHR C TS.EBWMH HOHAM" 

On..catqte CHCTeMW AeTeKTopOB 

'Epe8aHCKK~ ....3H4eCI<HH HHCTHTYT 
-'~EAHHWH QeHTp no $H3Hl<e SAH, CocIIHR 

311eHTPamIlHWK HHCTHTYT RAepHwx Hccne,:\oBaHH~ 
AH rAP, PocceHAO~ 



~~, "t 

O 

~~'~~'lo 

li' 1. ~\ 

'\l ~, 

''<! 
I 

l f',
1/ r'" ,.,f \'~ ~l~ I' l~ ",t 

'-~~"l\"' 

"t 

~ 

J4 
~ ..\. 

I 
M 

Xt\' 
'It 

"'. 

'1 
I. 

<,..", ,~ 

.' .{~ 

'h 

~ ~ 

't' 

~" ..' 
~, j ~ 

I' 

t'1"" 
{""'. t 

t'I 

k. I 

.' 
.,~\ " 

í ,~ 

I 
{;, 

~ 4~· 

-J 

,', 

t,' 
t' 

~ ~ 1'\ 
'1. 

.:., 

,) ~o,f 'lJ 'i: ~:b~~. 
II lo ,~~ 

i~ 

.' 
J 1,\· 

r 
j 

, 
-", 

.... 
f,f '-' 

\ , 
~·"f.: ~ 

;' 

" 
I" 

• ·t~ 

I 
I ., " 

/ ~>,.,...... 
to' J L--;:;-........,---,--.--.--:r::-;:---:-.-;-o-~~,.......".....-----_...............---r.
 

~'J,1 .~,	 ,'" '.' 'I.U 'I."~.' • t ':i~:·' '; ".,," '""'-;:~,,,. I 
~ D6'beAllHeHHbm. HH~ 'MepI;l6IX' HCCJl~OB8HHH ~:6H,a,. 1:9g1 ' ,&~. 

..' 

1. BBEAEHk1EI 

{. 
B HaCTOR~ee BpeMR BO MHor~x na6opaTop~Rx M~pa OCBa~BaeTCR 

\ oõnacrs	 3Hepr~VI YCKopeHHblX TR>KenblX ~OHOB "" 100 M3B/HYKnoH. B 
4aCTHOCT~, B na60paTop~~ R~epH~X peaK~~~ Ok1~H coopymaeTcR HO­
BblVl ~~KnOTPOHHblall KOMnneKC Y-400 - Y-400M, n03BOnf1IO~~H YCKOPRTb 
TR>Ken~e j,.10Hbl acex 3neMeHTOB nep~OAj,.14ecKot1 CH'CTeM~ B 3HepreT~­
4eCKOM A~ana30He 20 +120 M3B/HYKI10H ~ Kpyr npoõnex., xoropue 1;1C­
cneAYIOTCR B 3TOVl 06nacT~ 3Hepr~VI, Y>Ke Ha AaHHOM 3Tane AOBonbHO 
'W~pOK. 60nbWOVl ~HTepec npeACTaBnReT MexaH~3M B3a~MoAe~cTB~R 

CnO>KHbIX RAep c 3Hepr~RM~ B6n~3~ ~ aaure <t>epM~eBcKo~ 3Hepr~~, 

rAe OTKp~BaIOTCR ~OB~e KaHan~ peaK~~~. C T04K~ 3peH~R nOCTaHOB­
K~ 3Kcnep~MeHTOB xapaKTepHO, 4TO B npo~ecce B3a~MoAe~cTB~R 

MorYT 06pa30B~BaTbCR HeCKonbKO TR>Ken~X <t>parMeHToB ~ AO 10+15 
nerxax 3apR>KeHHb1X 4aCT~~, np~4eM ~x COOTHoweH~e c~nbHO 3aB~C~T 

~f ;' 

OT np~~enbHoro napaMeTpa CTonKHOBeH~R. 

04eB~AHo, 4TO Ha~6onee 60raTYlO ~H<t>opMa~~1O O MexaH~3Me B3a~~ 

MOAe~cTB~R MO>KHO 6YAeT ~3BneKaTb ~3 KoppenR~~OHH~X 3Kcnep~MeH­

TOB, n03BonRIO~~X per~CTp~pOBaTb XqTR 6~ Bce 3apR>KeHH~e npO~YK· 

T~ peaK~~~. TaK~M 06pa30M, cneKTpOMeTp~4eCKaR c~cTeMa ,qnR ~3y­
4eH~R MHO>KeCTBeHHbIX npo,qYKTÓB peaK~~~ ~Ón>KHa 06naAaTb cne,qylO­
~~M~ CBO~CTBaM~: 

- BblCOKOI:1 34X1>eKT~BHoCTblO per~CTpa~~~ npo,qYKTOS ao Bcex B03MO>K­
HblX HanpaBneH~RX ~x 3M~CC~~ 14"-4YBcTB~TenbHocTb ,qeTeKTopa/; 

- MHOr04aCT-~4HOH 4YBCTB~TenbHOCTblO /,qocTaT04Hoe 4~cno He3aB~­

C~MblX per~CTp~pylO~~X 3neMeHToB/; 
- B03MO>KHOCTblO onpeAeneH~R 3Hepr~~ ~ yrnoB pa3neTa npo,qYKTOB 

peaK~~~, a TaK>Ke j,.1X ~AeHT~~Ka~~~ no Macce ~ 3apRAY. 
04eB~AHo, CTonb >Ke Ba>KHa B~COKaR 3<t><t>eKT~BHoCTb per~CTpa~~~ 

~BYX ~n~ HeCKonbK~X <t>parMeHToB AeneH~R R~ep, 06pa3YIO~~xCR 

c OTHOC~TenbHO H~3K~M~ ce4eH~RM~ / < 10-00 CM 2/. Ha-np~Mep, np~ 
~ccne,qOBaH~~ MexaH~3Ma H~3K03HepreT~4eCKoro ~eneH~R ~ KBa3~­

AeneH~R	 TR>KenblX R,qep B6n~3~ KynoHoBcKoro 6apbepa B3a~Mo,qe~CT­
B~R B~COKaR 34X1>eKT~BHOCTb per~CTpa~~~ n03Bon~T cy~ecTBeHHO 

nOB~C~Tb 4YBCTB~TenbHoCTb 3Kcnep~MeHTa, 4TO AaCT B03MO>KHOCTb 
~3Y4eH~R xapaKTep~CT~K HOB~X ~n~ noKa e~e Mano ~ccneAOBaHH~X 

npo~eCCOB /KynoHoBcKoe AeneH~e, no,q6apbepHoe cn~RH~e-,qeneH~e

\ ~ ,qp./. 
60nbwol:1 ~HTepec npeACTaBn~eT B03MO>KHOCTb B~COK03~<t>eKT~BHO~ 

per~CTpa~~~ npo,qYKTOB R~epH~X peaK~~~, 06pa3Y~~~KCR np~ B3a~­

OI Otil.t:ahi'i~Uribéfi EHCnITYf' ' 
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MOAe~CTBHM T.H. BTOpH4HWX nY4KOB c RApaMH MHWeHH. TaK, HanpH­
Mep, B áKCnepHMeHTaX, npOBeAeHHWX B flHP H B APyrHx 4eHTpax no 
$H3HKe TRmenwx HOHOB, 6wno nOKasaHO, 4TO B3aHMOAe~CTBHe cnom­
H~X ~Aep conpOBomAaeTCR HcnYCKaHHeM He~TpOHOHS6wT04HWX HSOTO­
nOB ner4a~wHX 3neMeHTOB c OTHOCHTenbHO BWCDKHM ce4eHHeM /BO­
AopoAa, renHR, nHTHR~ 6epHnnHR/. ~x BWXOA cy~ecTBeHHo YBenH­
4HBaeTCR c pOCTOM 60M6apAHPy~~e~ 3HeprHH. Hcnonb3YR Ha4anbHwe 
nY4KH TRmenwx HOHOB c BWCOKO~ HHTeHCHBHOCTb~ c 3HeprHe~ AO 
100 M3B/HYI<J10H, MomHO nonyua r s BTOpH4Hble nY4KH He~TpOHO~'1s6bIT04­

HWX RAep' nerKHX 3neMeHTOB H npOBOAHTb HccneAoBaHHR c 3THMH 
nY4KaMH. 04eHKH nOKa3~Ba~T, 4TO npH 60M6apAHpOBKe TopHeBO~ 
MHweHH v.OHaMH 11 B HnH 12C HHTeHCHBHOCTb~ HeCKonbKO AeCRTKOB 
MHKpoaMnep c 3HeprHe~ HeCKonbKO AeCRTKOB M3B/HYKnOH MomHO no­

1nY4HTb nY40K RAep 6 He c HHTeHcHBHotTb~ 10 7 c- H RAep 8He c 
HHTeHCHBHOCTb~ 10 5 C-1 H 3HeprHe~ :::: 20 O M3B. 

AnfJ H'ccneAOBaHHI1 AAepHblx peaK4HJII B 06nacTH 3HeprHJII AO
 
1000 M3B/HYKnoH ocy~ecTBneH npoeKT 417-AeTeKTopa, pacc4HTaHHo­

ro, oAHaKo, nHWb Ha perHcTpa4H~ 6WCTP~X 3apAmeHH~x 4aCT~4 H
 
17+-Me30HOB ~/1I. B Jlaõop aropua RAepHblX pea K4HJII O~fl~ õun nperino­
meH /v H B HaCTOA~ee BpeMA ocyuiec r anae r ca npoexr 417--cneKTpo-

MeTpa, paCC4HTaHHoro Ha perHCTpa4H~ KaK TRmenwx $parMeHTOB,
 
TaK H CHapAAonOA06HWX npOAYKTOB H 6WCTPWX nerKHX 3apAmeHHwx
 
4aCTH4. AHanorH4Hw~ npoeKT TaKme pa3pa6oTaH B UHKnOTpOHHO~
 

/ 31 
na60paTopHH MH4HraHcKoro YHHBepCHTeTa 

2.	 ~CTPoACTBd ~ np~Hu~n AEAÇTB~H 417-CnEKTPOMETPA
 
MHOmECTBEHH~X C06~T~~
 

BWCOK03$~eKTHBHw~ cneKTpOMeTp MHomeCTBeHH~X C06WTHJII, cos­
AaBaeMwJII B flHP O~H~, COCTOHT 1'13 30 HesaBHCHMWX AeTeKtopHwX 
MOAyneJII. MOAynH pacnonara~TCA Ha nOBepXHOCTH c$epw c paAHYCOM 
50 CM, B 4eHTpe KOTOpOJII YCTaHaanHBaeTCR MHweHb. AeTeKTopHwe 
MOAynH HMe~T ~O~MY yce4eHHWX KOHYCOB H BCTaBnA~TCR B c$epH­
4eCKHJII BaKYYMHo-nnOTHWJII KapKac c BHeWHHM AHaMeTpoM 1,5 M, no­
BepXHOCTb KOToporo paSAeneHa Ha 20 paBHocTopOHHHX wecTHyronb-' 
HHKOB H 12 nATHyronbHHKoB. CHcTeMa 06ecne4eHHA saKYYMa, OT­
BepCTHR BXOAa H BwxoAa nY4Ka, onopw KapKaca, MHWeHHW~ 'Y3en H 
AHan-ioCTH4ecKvte aneae-rru 3aHHMalOTABa npOTHBOnOnO}/{HbIX nRTH­
yronbHHKa /CM. pHC. 1/. 

06~aA reoMeTpH4ecKaA 3~~eKTHBHoCTb cneKTpoMeTpa OTHOCHTenb-
HO per~cTpa4HH 0AHH04HWX C06WTHJII, c Y4eTOM MepTBWX SOH, 06yc­
nOBneHHWX KOHCTPyKTHBHWMH AeTanAMH H npospa4HOCTblO CaMHX Ae­
TeKTopOB, AOCTHraeT 65% OT nonHoro TeneCHoro yrna. TeM caMWM 
Aame AnA perHCTpa4HH C06WTH~ c MHomeCTBeHHOCTb~ M = 10 nony­

2 

PHC. I. CXeMaTHQeCROe H306pa~eHHe 417-cneKTpoMeTpa ~OBOC. 

I - KapKac /peaKQHoHHaH KaMepa/, 2 - H3MepHTenhHwe MO­
gynH n a mec-rayr-orrsnoã H 3 - na "nHTHyronhHoH rmOCKOCTH, 
4 - rrqnC, 5 - EHK, 6 - CHCTeMa (~E-E)-TenecKonoB, 7 ­
nepegHee Konh~O (~E-E)-TenecKonoB, 8 - MHilleHh. 

4aeTCA BnonHe npHeMneMaA BenH4111Ha 3~~eKTHBHOC~1II, paBHaA ""1%. 
KamAbll1 1II3 30 nerexrocaux MOAyne~ COCTOHT 1II3 nOS1II4I1lOHHO-4YBCT­
BlIITenbHoro nnOCKonapannenbHoro naBlIIHHoro C4eT4MKa /n4f1C/, 
õpar r oacxoã 1II0Hl13a41110HHOJII KaMep~ /6~K/ 1II CII1CTeMbl 1113 5 +7 C4111H­
TlIInnA41110HHWX (~E-E)-TenecKonoB. 6p3rroBcKHe 1II0HlIISa41110HHWe Ka­
Mepbl nOMe~aIOTCA sa n4f1C, a CII1CTeMa (ÔE-E)-TenecKonoB -' sa 5~K. 
nplll 3TOM KamAbI~ 3neMeHT OXB8TblBaeT OAI-1H 1II TOT >«e TeneCHbl~ 

yron - 0,32 cp 1II 0,2 cp AnA MOAYne~ Ha wecTlIIyronbHblX H nATvt­
yronbHblX nOBepXHOCTRX KapKaca COOTBeTCTBeHHO. 06~aR TopMoSHaR 
cnoco6HoCTb 5~K npeBocxoAlIIT TOPM03HYlO cnoco6HoCTb n4f1C Ha 4laK­
TOp 10 3+10 4,TaKoe ~e COOTHoweHHe lIIMelOT TOpMo3Hble cnoc06HocTM 
(tlE-E)-TeneCKonOB 1II 5~K. TaKHM 06paSOM , KamAblH AeTeKTopHbl~ MO­
Aynb npeAcT.aBnReT c060t:1 "norap",,41M1II4ecKlIIH" AeTeKTop c .AlIIHaMlII­
4eCKlIIM AHanasoHoM 3HeprlllH pervtCTpwpyeMblx 4aCT1II4 1+1 06 +7/pHC .:,2/ , 
aHanor1ll4HO npencreaneaaoay B p aõor e /3/ • 

B AHanaSOHe yrnoB +150 OTHOClIITenbHO OCH nY4Ka npeAnonara­
eTCA nOMeCTlIITb AononH;TenbHY~ ClIICTeMY 1II3 (~E-E)-TenecKonoB 
AflR perlllCTpa4 111111 6blCTPblX 3apRmeHHblX 4aCT1II4, lIIcnYCKaeMblX nOA 
ManblMlII yrnaMlII B na60paTopHO~ CHCTeMe KOOPAlIIHaT. 

3 



6V1K CsI nl\ACT Pnc. 2. CxeMa geTeKTop­
nLJI\C 11O~76o-Topp Horo	 MOAynH.Ih5 ToppCsH,2)Ar+CH4I 

Ylo1cno IIHe3aBlo1cIo1MbIX' t 

AeTeKTopH~X MOAyne~ ..........f ­ /101, TaKIo1M o6paaoM, 3neK­.-""':".... J1lS. 
TpOHH~X TpaKToB! AOll)/{HO 
COOTBeTCT60BaTb omlo1Aae­
MO~ MHO)/{eCTBeHHOCTIo1 npo­

1~10 

_I: 

AYKTOB peaK~HIo1 T~men~x 

1010HDB c HApa~ B o6nac­

7	 
TIo1 3Heprlo1101 AO 120 M3B/ 
HYKnOH. 3TO nOKa3aHO Ha 
plo1C. 3, rAe npeACTaBne-
Ha BepO~THOCTb 0AIo1H04­

HO~ perlo1CTpa~1011o1 4aCTIo1~ B 3aBIo1CIo1MOCTIo1 OT Io1X MHomeCTBeHHOCTIo1, 
paCC4Io1TaHHa~ B npeAnonomeHlo1101 HeKoppenlo1pOBaHHO~ 101 10130TponHO~ 

3MIo1CCIo1101 101 paBHOBepO~THO~ perlo1CTpa~1011o1 4aCTIo1~ O~HIo1M 1013 K AeTeK­
TOpOB. BIo1AHO, 4TO 30 He3aBIo1CIo1MblX nYJ1C 101 Eil-1K AOCTaT04HO An~ 

perlo1CTpa~1011o1 T~)/{en~X ~parMeHTOB 101 cHap~AonoAo5H~X npOAYKTOB 
c MHO}l(eCTBeHHOCTblO M "" 5, a 150 (M:-E)-TenecKonoB noaeonmor 
c 50nbWO~ BepO~THOCTblO np0lo13BeCTIo1 He3aBIo1CIo1MYIO perlo1CTpa~1011O 

5blCTPblX 3apR)/{eHHb1X 4aCTIo1~ c MHomeCTBeHHOCTblO M "" 1O. 

1S: 100. ---= PHC.	 3. BepoHTHoCTb He3aBHCHMOHo 
I 
J perHCTpa~HH npogYKTOB peaK~nH 

~~ B 3aBnCHMOCTH OT qHcna n~ogYK­:s: ­qs: TOB.	 K - qHCnO geTeKTopHWX MO­os: 
::r gyneH.t» ~ 50 

UI­
OU 
IS: npeAnO)!{eHHbl~ MOAynbHbl~ npuu­.._ L 
lJ:W

~lo1n nOCTpoeHIo1~ 4rr-cneKTpoMeTpaoel.. 
a... 
W Io1MeeT, o~eBIo1AHo, P~A npaKTlo14ec­
rn 

KIo1X npelo1My~ecTB no cpaBHeHlo11O c 
2 4 6 8 10 II~enbHbIM" 4rr-AeTeKTopoM, a Io1MeH­

4\11Cno	 4ACTV1U HO:
 
- ~aMeHReMOCTb MOAYlle~ B cnY4ae
 
nplo1MeHeHIo1~ APyrlo1x BIo1AOB AeTeK­

TOpOB, B03MomHOCTb Io1X YCOBepweHCTBOBaHIo1~ nplo1 ~oxpaHeHIo1Io1 oc­
HOB~O~ reoMeTplo14ecKo~ $OpM~ KapKaca; 

- pa50Tocnoco5HoCTb cnexrpoaerpa Aa)/{e nplo1 OTKa3e OTAenbHblX 
'ou

MOAynelo1; 
- B03MO)/{HOCTb ceplo1~Horo 1013rOTOBneHIo1~ 3neMeHTOB. 

4 
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3. ,QETEKTOPbl 

3.1.	 n03101~1o10HHO-4YBcTBIo1TenbH~~nnocKonapannenbH~~ C4eT4101K 
/nYJ1c,/ 

,lJ,n~ nonY4eHIo1~ 5blCTPblX Bpe"':1eHHblX OTMeToK nplo1 per'acrpauaa 
npOAYKTOB ~AepH~X peaK~Io1~ c T~men~MIo1 lo1oHaMIo1 Wlo1pOKoe nplo1MeHeHlo1e 
Hawnlo1 nnocxonapennene aue naBIo1HHble c4eT4Io1KIo1/ 4/ /nnJ1C/. l-1x npe­
Io1My~ec~Ba - B~COKoe speMeHHoe pa3peweHlo1e, npaKTIo14eCKIo1 100% 
3~~eKTIo1BHoCTb perIo1CTpa~lo1lo1, npOCTOTa KOHCTPYK41011o1 101 He4YBCTBIo1­
Ten~HOCTb K paAlo1a~1010HH~M nOBpemAeHIo1~M - AenalOT Io1X YAo5H~MIo1 An~ 

npoBeAeHIo1~ BpeM~nponeTH~X 1013MepeHIo1~/5-6~ MOAIo1$Io1~lo1poBaHH~e 
Baplo1aHTbl nnJ1C oõnanaor r aiose no3101~lo1oHHO~ 4YBCTBIo1Tenb"

/5	 .
HOCTblO ,7- 12/. Buno nOKa3aHO /13- 16~ 4TO MHoronpoBono4Hble 
nponopuuouans aae C4eT4101KIo1 nplo1 AaBneH1011o1 paõover-o r aaap x 3 TOpp 
r aioxe oõnanaor XOPOWIo1MIo1 BpeMeHHblMIo1 CBO~CTBaMIo1. 

HaMIo1 An~ 4rr-cneKTpoMeTpa <1>060C 5bln Bbl5paH AeTeKTOp, paõo­
TalO~lo1~ no npIo1H~lo1ny, npeAnomeHHOMY aBTopaMIo1 pa50Tbl/ 17 / . Ha 
puc , 4 npenc r a sneua cxena nYJ1c. nplo1 nOMOlI\101 aroro AeTeKTopa pe-

Pnc.	 4. CxeMa 3neKTpo­
gOB rr03H~HOHHO-qYBCTBH­
TenbHoro naBHHHoro CqeT­
qHKa /rrsnc/; IIpOBOnOqHbIe 
anozna HMelOT pacc TOHHne 
273 MM OT ~eHTpanbHoro 

~/..--7~_JIl,1Hl1'il KaToga, COCTOH~ero H3 
3AAEP::J:K~ 

TOHKOH (~ 100 MKr/cM 2) 
nneHKH rronnrrporrHneHa,

np0801l0'lHASl
 
nAOCKOCTb
 nOKpwToA c o6enx CTOpOH 

cnoeM 30noTa(",,3Ó MKr/cM 2 ) • 

KATOA
 
AHOA1
 

rlo1cTplo1PyeTc~ MeCTo nona­
AaHIo1~ 4acTIo14 B AeTeKTop, 
a TaKme Bpe­CHIo1MaIOTC~ 

MeHHo~ 101 ~E-clo1rHan~. ,Qe­
r exrop COCTOIo1T 1013 ABYX nooaonovnux nnOCKOCTe~ /aHOAbl/ 101 ~eHT­

pane aoro oõurero KaTOAa, npencraanaouiero TOHKYIO (~1 00 MKr / CM ~ 
nonanponaneuoaye nneuxy , nOKpblTYIO c oõeux CTOpOH cnoex 30nOTa 
(2x30+40 MKr/CM2 ) . Ilpoaonounue anexrponu , HaxoAR~lo1eCR Ha pac­
CTO~HV1101 2 73 MM OT xarona , 1013rOTOBneHbl 1013 (Cu - Be)npOBonOKIo1 
Alo1aMeTpOM~50 MKM 101 HaMOTaHbl c uiaro« 1,0 71,5 MM. Ka>t<Aa~ npOBO­
noKa 3a3eMneHa 4epe3 conpOTlo1sneHlo1e 100+500 KOM. Ha KpalO Kam­
AO~ noosonovaoã nnOCKoCTIo1 pa3Me~eHbl nlo1Hlo1101 3aAep>t<KIo1, Ha xoropue 
Io1HAYL\Io1PYIOTCfI Clo1rHanbl OT r ex nposonox , B6f110131o1 KOTOPblX nporiere­

5 



'1 

na ,qeTeKT~pyeMa~ 4aCT~~a. no BpeMeHHOMY c,qB~ry c~rHanOB c 
o6o~x KOH~OB n~H~~ 3a,qep~K~ onpe,qenReTCR MeCTO IKoop,q~HaTa/ 

npoxo~,qeH~R 4aCT~~bl c T04HOCTblO ,qo paccToRHIIIR npoBono-·Me~,qy 

K.aMIII. np~ ,qaBneHIIIIII p aõoue ro r aaa p S 3 TOpp naBIIIHa paCWJ.1pHeT­
CR 1113-3a .A1II<t><t>Y3~1II 3IleKTpoHoB /18/, ~ wlllplIIHa naBIIIHbl npeasnuae r 
paCCToRH~e Me~y npOBonOKaMIII. B 3TOM cnY4ae ~H,qY~~PYIOTC~ c~r­

Hanbl B HeCKonb K~X coceriaax npoaonokaxç a MeCTO npoxoxnexua 4ac­
TIII~bl nonyvae r ca ~3 onoeneneuaa ueur pa TR~eCTIII c~rHana. TaK~M 

MeTo,qOM ynae r ca nonyua r s xoopnauaruoe paap eureuae < o,5 MM /15/ • 

5~CTP~~ BpeMeHHo~ c~rHan c~~MaeTcR c ~eHTpanbHoro KaTo,qa. B 
3TOM cnyuae 3neKTpOCTaTIII4eCK~e CIII.Rbl npIllTR~eHIIIR, ,qe~cTBYKlull1e 

Ha <t>onbry co CTOpOHbl npo aono-u-srx anexrponoe , B~aIllMHO ypaeuo­
BewIIIBalOTcR, 111 <t>onbra-K3To,q He nporlll6aeTcR. BnIllRH~e TaKoro npo­
r1ll6aHIIIR, npIIIBo,q~~ero K ClllnbHOMY yxy,qweH~1O BpeMeHHoro pa3pewe­
H~R C4eT4~Ka, onlllcaHO B pa6oTe/9/ . 

C nOMO~blO BpeMeHHoro ClllrHana OT nynC onpe,q~n~eTCR n~60 Bpe­
MR nponeTa 4aCT~~~ OT MlllweHIII K ,qeTeKTOpy IHa 6a3e E = 50 cM/, 
Kor,qa IcTapT"-c~rHaIl 6epeTcR OT nY4Ka." n~6o apeMeHHo~ IIIHTep­
aan OTHOCIIITenbHO ,qpyroro Bbl6paHHoro "cTapTII- ner ekropa . H~3Koe 

,qaBneHllle pa604ero ra3a n03BonReT nplllMeHRTb B Ka4eCTBe BXO,qHO­
ro 111 B~xo,qHaro OKOH ,qeTeKTopa TOHKllle nonlllnponlllneHOB~e nneHKIII 
ITonIl.!IIIHO~ .s 100 MKr/cM 21/ ro /, o6ec~e4I11BaI0111.lIIe MIIIHIIIManbHble no­
repu 11 paaõpoc 3Heprllllll rrpoxonaun-x 4epe3 HIIIX 4aCTIII~. B Ka4eCT­
Be pa604ero ra3a ,qn~ nynC MorYT 6~Tb nplllMeHeH~ nap~ yrneBO,qo­
pO,qOB 1~306YTaH IC 4 H 10 I, ne-rrau I C5 H 121 111 ,qp .1. 

6bI.Ra ~cnblTaHa MOAenb Il'{Jlf c nnouianeo onex rponoa 13x 13 eM, 
c nOMO~blO KOTOPO~ 1113Y4anlllCb BpeMeHHoe 111 Koop,qIllHaTHoe pa3pewe­
H~e B 3aB~C~MOCTIII OT ,qaBneHHR pa604ero ra3a, paCCTORH~R 3neK­
TpO,qHWX nnOCKOCTe~, ,qlllaMeTpa 111 wara HaMOTKIII npOBon04H~X 3neK­
TpO,qOB. Ha~nY4wee BpeMeHHoe pa3peWeHl-1e, nonY4eHHoe ,qnR CIIICTe­
Mbl ne'texroooa , COCTOR~e~ 1113 Mo,qenbHoro nynC ~ 06bl4Horo Mano­
ra6apIIITHoro naB~HHoro C4eT4111Ka Inc/, COCTaBnRno 215 nKC ICM. 
p~c. 51. C Y4eToM BpeMeHHoro pa3peweHIIIR nc 111 pa36poca no 
BpeMeH~ nponeTa nerKIllX OCKonKOB OT IIICT04HIIIKa 252 Cf Ha nYTIII 
OT nynC K nc co6cTBeHHoe BpeMeHHoe pa3peweH~e nYfiC COCTaBnReT 
Benlll4111HY 150 nKC. 3aBlllc~MoCTb BpeMeHHoro paapeure aun CIllCTeMbl 
,qeTeKTopOB OT ,qaBneHIIIR pa604ero ra3a nOKa3aHa Ha plllC. 6. 

3.2.	 6p3rroBcKaR 1II0H1II3a~1II0HHaR KaMepa 

BnepB~e rpYHOM 6~na c03,qaH~ 111 ~cn~TaHa 1II0H~3a~1II0HHaR KaMe­
pa, B KQTOPO~ cO~lIIpalO~ee 3neKTplll4ecKoe none HanpaBneHo napan­
nensuo rpaexrooaa perlllcTp~pyeMo~ 4aCTIII~bl 121,.22/. B TaKIIIX Ka­
Mepax 1113 MaKC~MYMa pacnpeneneaaa y,qenbHblX norep s no AFII11He Tpe­
Ka IKp~Ba~ 6p3rra/ MO~HO 1113BneKaTb IIIH<t>opMa~~1O o 3apR,qe Z pe-

PHC. 5. CneK1'p BpeMeHH npo­ PHC. 6. 3aBHCHMOC1'b BpeMeH­


neTa 01' OCKonKOB g€neHHH Horo pa3pemeHHH (FWHM ­

HCTOqHHKa 252 Cf , CHH1'W~ c cneK1'pa no BpeMeHH npone1'a
 

noaoun.io c ac r-exu H3 ITlffiC H na­p;nH nerKO~ rpynrrw oCKonKoB)
 
BHHHoro Cqe1'qHKa c gHaM€1'pOM CHC1'eMbl H3 ITqrrC H rraaauaor-o
 
2 cM.'DaBneHHe napOB neH1'aHa CqeTqHKa 01' p;aBneHHH napOB
 

B rrqnc 2,5 1'Opp, HanpH~eHHe n en-r-aaa B ITtUIC. • - mar Ha­


Ha Ka1'oge 415 B, paCC1'OHHHe M01'KH anonnux I1nOCKOC1'e~
 

aaormsrx I1nOCKOC1'e~ 01' ue arv- 1,5 MM, • - mar HaM01'KH 1 MM.
 

p am.aor'o x a-r ona 3 MM, nuane-rp PaCC1'O~HHe aHop;OB 01' u;eH1'­


npOBonOKH anonnux nnOCKOCTe~ panbHoro Ka1'op;a B 060HX
 

50 MKM, mar HaM01'KH 1 MM, cnyqaHX 3 NM.
 

pacc1'oHHHe.Me)l(,ll;y ITqrrC H naBHH­


HbIM Cqe1'qHKOM 20 MM.
 

rlllcTplllpyeMo~ 4aCTIII~~, Y4I11T~BaR nplll 3TOM, 4TO B o6~eM cnY4ae 
Kplll BaR Epar r a - <t>YHK~IIIR He ronsxo OT Z, HO 111 OT MaCCbl -rac TH-L4bl. 

B HaCTOR~ee BpeMR C03,qaH~ pa3n~4H~e T~n~ 6HK 13,23-00~ 6HK, 
KOTop~e M~ HaMepeH~ IIIcnonb30BaTb B YCTaHOBKe <t>060C, IIIMelOT ~op­
MY yceveauoro xouyc a c BbICOTO~ /rny6I11Ho.~ peracrp auuu/' 30-;­
-;-50 CM. Karon KaMepbl RBnReTCR o,qHOBpeMeHHO ~ ee BXO,qHbIM OKHOM. 
AnR oõecne-reaua BbICOKO~ 3<t><t>eKT~BHOCT~ co6~paH~R 3neKTpOHOB no 

" ,I	 BceMY o6beMY KaMepbl Ha 60KOBblX CTeHKax Haxo,qRTCR npo aonaunre 
'<)1I nonocu , nonxno-reaaue K ,qen~TenlO HanpR~eH~R ,qnR <t>opMlllpoaaH~~ 

anexrpa-rec xor-o nona . CeTKa <t>p~wa HaMaTbl BaeTCR (Cu-Be) npoaono­
'.:	 KO~ ,q~aMeTpOM 50 MKM C lliarOM 0,5 MM 111 nOMe~aeTC~ Ha paCCTon­

HIIIIII 15 MM OT aHo,qa. B 3TOM cnY4ae <t>aKTop He3<t><t>eKTIIIBHoCT~ co­
CTaBnReT Ben~4I11HY ~ 0,6%. 
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Pa6041-111l r aa KaMepbl AOn'>f<eH 06eCne41-1Tb 60nbWYIO CKOpOCTb p,pelll-' 
$a 3neKTpOHOB npl-1 OTHOCI-1TenbHO H~3KI-1X 3Ha4eHI-1RX E/p ~ 60nbwolll 
K03$$I-1~l-1eHT p,l-1$$Y31-11-1 c ~enblO I-1CKnlO4eHI-1R peKOM6I-1Ha~1-11-1 /31/ 06­
pa30BaHH~X npl-1 npOXO>f<p,eHI-1I-1 4aCTI-1~ 3apRp,OB. 04eBl-1p,HO, ep,I-1HCT­
BeHHblM ra30M, yp,oBneTBOpRIO~I-1M 3TI-1M Tpe60BaHI-1RM, RBnReTCfl CMeCb 
Ar(90%)+CH4 (10%), p,nR koropoã p,a>f<e npu p,aBneHl-11-1 paõouer-o r aaa 
400 TOpp HanpR>f<eHl-1e Ha aHop,e MO>f<eT He npeB~waTb 5 KB. B YCTa­
HOBKe $OoOC npep,YCMaTpl-1BaeTCR CI-1CTeMa nOCTORHHoro 06HOBneHI-1R 
pa604ero ra3a nYTeM ero npOTOKa. 

PaC4eTHblt1 p,I-1ana30H no aapany 1-1 3Heprl-11-1 4aCTI-1~, xo r opue non­
HOCTblO OCTaHaBnl-1BalOTCR B KaMepe p,nl-1HO~ 50 CM, nOKa3aH Ha 
pl-1C. 7. PaC4eT npOBOp,l-1nCR c nOMO~blO nporpaMM~ STOPOW-82/ 3 V 

PHC. 7. 3aBHCHMOCTb 3HeprHH QT50 

40 3apR~a npO~YKTOB, rrpo6er KOTO­
~ 30 p~x paBHHeTCH 50 CM B gaHHo~ 
C!i j-C4H10 200"fopp ra3e.~ 20" 
co ~ 400ToPP 
'" 16
 
2
 

- 12 Manora6apl-1THaR Mop,enb 5~K(li; , 
:s: 10 ~~% 

6~na I-1Cn~TaHa Ha nY4Ke YCKopeH­~TOPP5= 8 
LU H~X 1-10HOB TaHp,eMa BaH-p,e-rpaa$a
I 6­
(T) B U~R~ /PocceHp,OP$//33/. Ha 

pl-1C. 8 nOKa3aH pe3ynbTaT 1-13Me­
6 7891012 16 20 30 4050 70 90 peHI-1R 3aBI-1CI-1MOCTI-1 Ben1-141-1H~ 

Z 6p3rroBcKoro nl-1Ka OT nonHOM 
3Heprl-11-1 4aCTI-1~. B Ta6nl-1~e npl-1­

Bep,eHbl, nonY4eHHble3Ha4eHli1R 3HepreTI-14eCKOro 1-1 3apRp,OBoro pa3­
peWeHI-1R COOTBeTCTBeHHO. 

Ta6nH~a 

3HepreTHQeCKOe pa3perneHHe H pa3pernaro~aH crroco6HOCTb no 
3apHgy gnH MOgeITbHOH 6p3rrOBCKOH HOHH3a~HOHHOH KaMepbI/ 33/ 

'Y:aCTH~a 3HepreTHQeCKOe 
pa3perneHHe L1 E, 
K3B 

3HeprHH, 
M3B 

zt !!-,Z BpeMH 
<pOpMHpoBaHHH, 
HC 

4 
2He 34 5,3 31 45 100 220 

12C6 
1608 

, 350 

400 

21 ,7 

23,9 

37 

42 

100 

100 

28
8 

. 
1<t 1 400 37,2 27 35 47 50 100 220 

32 
816 

8 
460 26,6 26 35 47 50 100 220 

30 

;.. : 

o 

3HEPfV1H,Ma8 

PHC. 8. 3aBHCHMOCTb BenHQHHbl 6p3rrOBCKoro rrHKa OT rron­
HOH 3HeprHH perHcTpHpyeM~x B BHK QaCTH~. 

3.3. C~I-1HTl-1nnR~1-10HHble (L1E-E)-TéneCKOnbl 

AnR perl-1CTpa~1-11-1 nerKI-1X 3apR>f<eHHb1X 4aCTI-1~ (p, d, t, 3 He,
4
He) c 3Heprl-1RMI-1 OT HeCKOnbKI-1X M3B/HYKnOH .0.0 100 M3B/HYKnOH 

B YCTaHOBKe $050C npep,nonaraeTCR I-1CnOnb30BaTb C~I-1HTl-1nnR~1-10H­

H~e (~E-E)-TeneCKon~, KOTop~e B C04eTaHI-11-1 c 1-10H1-13a~1-10HHOIll Ka­
Mepo~ n03BonRIO~ cy~ecTBeHHO paCWl-1pl-1Tb p,I-1HaMI-14eCKI-111l p,I-1ana30H 
Bcelll p,eTeKTI-1PYIO~elll CI-1CTeMbl /3/ • 

Cnocoõ nOnY4eHI-1R (L1E,E) -I-1H$OpMa~l-1l-1, 1-13BeCTHbll;1 KaK "phos­
wich"-MeTOp" p,aeT B03MO>f<HOCTb Hap,e>f<HO I-1p,eHTI-1$I-1~lt1"pOBaTb BeCb 
cne xrp YKa3aHHblX 4aCTI-1~/1,3,34-37/. KOMnaKTHOCTb "phoswich"­

p,eTeKTopa 1-1 ero CBOI;1CTBO pa60TaTb npl-1 3arpY3Kax .0.0 105 r~ p,e- I 

nalOT ero YHI-1KanbH~M p,eTeKTopoM p,nR 3ap,a4 nop,06Horo Tl-1na. KOH­
CTPYKTI-1BHO TeneCKôn COCTOI-1T 1-13 Tpex 4acTelll, onTI-14eCKI-1 coep,l-1­

r:
 
'. HeHH~X Me>f<AY c6601ll: p,BYX C~I-1HTI-1~nRTOpoB (~E,E) c pa3H~MI-1 spe­


MeHaMI-1 B~C8e4I-1SaHI-1R /06~4HO B~61-1pa1OT KOM6I-1Ha~1-11O c pa3H~~et1
 

B 1-;- 3 nOPRp,Ka/ 1-1 onaoro $OT0Y,MH0>1:I-1TenR. Kor na 4aCTI-1~a npone­

,I TaeT 4epe3 p,sa C~I-1HTl-1nnRTOpa, Ha B~xop,e $OTOYMHO>f<I-1TenR ~OpMI-1­
'I 
I pyer ca cYMMapHb11;1 car aan , I-1MelO~1-111l 6blCTPYIO 1-1 MeAneHHYIO COCTa BnR­
I 

1O~l-1e. ~HTerpI-1PYR Cl-1rHan B pa3H~X BpeMeHH~X sopOTax ~tl' ~t~ 

9 

< 192
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p= 60 torr
 
n - pentane
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SOPOTA 
"t.E" 

J 
"E"-cV\rHAn 

t.~ 1 
PHC. 9. IIPHHI.J;HII pa60TbI "phos­
wich"-p;eTeKTopa p;.rrH CJIyqaH, 

I I xor'na 6 E-p;eTeKTop - 6bICTpbI:H 

IJsbIX./
c ~3Y 

I 

I 

I 
I 

I 
I 
I 
I 

CI.J;HHTHJIJIHTOp, 
Mep;.rreHHbI:H • 

a E-p;eTeKTop ­

I 
I MO>KHO paanerurr s ClIlrHaIlbl OT 6E­
I 11I E-AeTeKTopOB 11I TeM caMblM 
I 

IIlAeHTIIl$IIl~lIlpOBaTb 4aCTIIl~~ no 
100o 200 300 400 500 600 3apRAY 11I Macce Ha ABYXMepHO~ 

BPEMR.HC 
AlIlarpaMMe /CM. pIIlC. 9/. 

Ka4eCTBO cenapa~1Il1ll 4aCTIIl~ 

BO MHorOM npenonpenenaer ca Bbl60pOM KOM6I1lHa~1Il1ll (ÓE-E) -C~IIlHTIIlIl­
IlRTOpOB 11I 3aBIIlCIIlT TaK>Ke OT BpeMeHH~X CBoAcTB $OTOYMHO~IIlTeIlR. 

Hanpnxep , 8 11,31 AJ1R onpeneneuua 1Il0H1Il3a~1Il0HHb1X norep s IIlcnOIlb­
aoaanucs KplllCTaIlIlbl CaF2 ( Eu ) c BpeMeHeM BblCBe411lBaHIIlR :::::1 MKC, 
a OCTaT04HaR 3HeprlllR 4aCTIIl~ perac'rpnpoaenacs TOIlCTblM nnacra­
4eCKIIlM C~IIlHTIIlIlIlRTOpOM (d = 15 CM), AIlIllTeIlbHOCTb Bcn~WKIIl KOTO­
poro ::::: 10 HC. 

ABTOpbl/3,:B1 npennaracr B Ka4eCTBe COCTa BHblX 3IleMeHTOB r erie­
cxona IIlCnOIlb30BaTb MeAJ1eHHbIA nIlaCTIIlK runa NE 115 IIlIlIll BC 444 
/BpeMR BblCBe411lBaHIIlR ::::: 340 11I ::::: 290 HC coor ae'r cr aeuao/' B C04eTa­
HIIlIll c 06~4H~M nIlaCTIIlKOM NE 102. 

C nOMO~blO OAHoro KplllCTaIlIla CsI(Tl), BpeMR HapaCTaHIIlR ClIlrHa­
Ila KOToporo cy~ecTBeHHO 3aBIIlCIIlT OT copTa 4aCTIIl~bl, aBTopaM 
YAaIlOCb IIlAeHTIIl$1-1~lIlpOBaTb y, p, d, t , 2He, 4He,6-7Li no $opMe 
IIlMnYIlbca c ~3Y. nplll 3TOM cxeMa 3IleKTpOHIIlKIIl nplllH~lIlnlllaIlbHO HIIl­
4eM He ·OTIlIll4aeTCR OT I'IcnoIlb3yeMoA B "phoswich"-MeTOAe, a npe­
IIlMy~ecTBoM RBIlReTCR HeHaA06HOCTb KOppeKTv.pOBKIIl (6E-E) -MaTplIl~bl. 

AHaIlorlll4Hble 1'13MepeHIIlR, npoaeneuasre B oaõor e 1401, nOATBep>K,qaIOT 
nepcneKTIIlBHOCTb IIlCno.nb30BaHIIlR KPI'ICTaIl.na CsI(Tl) AJ1R cenapa~1Il1ll 
IlerKIIlX 4aCTIIl~. 

reOMerplll4eCKIIle pa3Mepbl ne'apaõaruaaeaux AJ1R YCTaHOBKI'I C!>060C 
"phoswich"-AeTeKTopOB B OCHOBHOM npeAonpeAeIlRIOTCR ~OpMO~ 1Il0HIIl­
3a~1Il0HHO~ KaMepbl, B 4aCTHOCTIIl, OHIIl AOIl>KHbI npeACTas.nRTb C60PKY 
11I3 5 11I 7 MOAyne~ AJ1R npOCMOTpa nIlo~aAe~ AlIlaMeTpaMIIl :::::400 11I 
520 MM COOTBeTCTBeHHO. Ilpenaapar ens ao , c Y4eTOM KOMMep4eCt<IIlX 
~eH 11I B03MO>KHOCTe~ 3aSOAOS-1Il3rOTOSIllTeIle~, ,qIlR "phoswich"-r.e­
neCKona Bbl6paHa KOM6I1lHa~IIlR 11I3 CsI(Tl) TOIl~IIlHO~ 3 MM 11I nIlaCTIIl ­
Ka TOIl~IIlHO~ 100 MM, coeAIIlHeHHblX c $OTOYMHO>KIIlTeIleM ~3Y-496, 

AlIlaMeTp <1X>ToKaroAa xo ropor-o paaeu 150 MM. Bbl6paHHble TOIl~IIlHbI 
n03BOIlRIOT 1-13MepRTb IlerKlIle 4aCT""~bl BnIlOTb AO 3Hepn11'1 100 M3B/ 
HYKJ10H. 
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PYKonHCb nocTynHIla B H3AaTeIlbcKHH OTAeIl 
22 OKTRPPR 1987 rOAa, 
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AxnepAIaHBH A.r. 11 ru>. PI 3-87-160 

4()BOC - 4"CneK'l'poMeTP MHO)leCTBeHHbIX 

npo~yKTOB BAep~ peaK&HA c T~enMMH HOHaMH 


OnacbJBaeTCB 4rr -cneKTpOMeTp MHOllteCTBeHHbIX npo~yKTOB 

t1 	 15Jl,D;epHhlX peaKD;HH C TBllteJIbIMH HOHaMH B oonaCTH 9HepriW OT 


AO 120 MbB/HyKROH. 4"-CneKTpOMeTp ~OBUC COCTOHT H3 30 aB­

TO~HhIX MO,!WJIeA, HMelOlll,HX clJoPMY yce'IeHHbIX KoaYCOB C OKPYllt", 

HOCT:&lO B OCHOB~HHH 11 paCII01JO)J[eHHbIX BQKpyr ~eHH Ha pac-­

CTOJlJlHH 0,5 M. K~ H9 MQAYneH COCTOHT H3 D.03H~HOHHO­


QYBCTBHTeJIbH31"O naBHHHOr(> e'leTllHKa, 6p9rroBcKoH HOHH3al\"­

OHHOji KaMepWH ~~HTHJUtJlI~HHhIX (~-E)-Te.ueCKoDoB. K~ 


MOAYJIb npeACTa:p.naeT co60it ~eTeKTOp C AHHaMHllECKHM ;D;Hana90­
HOM 9HeprHH perHCTpHPyeMl!1X "IaCTHl\ I+I0ti~ 


Pa60Ta BMnOnHeHa B na~OpaTOPHH JI,D;~PHhIX peaKqHH OHIH. 

C006weHJte 06UJlHHeRIIOrO IDIcnrryra JI,llepHWXBcc:ne.aolWlllA. Jly6Ha 1987 

HepeBO~ aBTopoB 

Akhperdzbanian A.G. et ,'11. PI3-87-160 
FOBOS - a 4n-Spectrometer for Multipl~ 
Products ·of Heavy Ion Reactions 

A 4"-spectrometer for multiple proouctil o£ heavy ion 
reactions in the energy range from 15 to 120 MeV/nucleon 
is described. 'rhe 4rr-spectrometerFOBOS consists of 30 
autonomous detect{)r modules placed around the target at 
a distance of 0.5 m. The detector modules have the form 
of. the frusta of ~ircular base c{)nes. Each of the 30 de­
tector modules consists of a position-sensitive avalanche 
counter, a Bragg ionization chamber and a ~-E scintilla­
tion telescopes. The dynamic energy range ~f the detected 
products lies between 1 and 106 • 

The investigation bas been performed at the Laboratory 
of Nu~lear Reactions, J.INR. 
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