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~y6apHH r.r. 111 AP-
nsyxnneYeBO~ speMHnponeTH~~ cneKTpoMeTp 
Ha QCHOBe nO31114111OHHO-YYBCTBll1TenbH~X 
MHOronposonOYH~X naBll1HH~X CYeTYll1KOB 

P13-92-18 

On111caH AByxnneYeso~ speMHnponeTH~~ cneKTPOMeTp AnH 
per111crpa4111111 111 111ccneAOBaHl/1H OCKOnOYHOnOAO5H~X npOAYKTOB 
HAepHblX peaK4111~ C TH>+<enblMI~ 111OHaMl/1. CneKTPOMeTp COCTOll1T 
1113 ABYX Mo6111nbHblX speMHnponeTHblX 11 nneY 11

, BKntoYa~111x B ce 
6H 11 CTapTOBble 11 TpaHCMll1CCll1OHHble nnocKonapannenbHble naB111H
Hble cYeTYll1Kll1 111 11 cTonosb1e 11 wv1poKoaneprypHb1e MHoronposo
noYH~e nO3v14111OHHO-YYBCTBll1TenbH~e naBll1HH~e CYeTYl/1Kv1. 
CneKTPOMeTp CMOHTv1POBaH Ha KaHane B~BeAeHHoro nyYKa YCKO 
pv1TenH Y-400 n~P 0~~~-

Coo6mett11e 06he:i~rnettttoro HHCntryTa 11:it:pHblX Hcc.1e:ioeatt11it . J:ly6tta 1992 

nepeBOA aBTOPOB 

Chubarian G.G. et al. 
A Double Arm Time-of-Flight Spectrometer 
Based on Position-Sensitive Parallel-Grid 
Avalanche Counters 

P13-92-18 

A double arm time-of-flight spectrometer, built-up 
at the LNR JINR, intended to register and study the cha
racteristics of fission-like products produced in heavy
ion reactions with complex nuclei are presented. The ba-, 
sis part of spectrometer are two identical mobile posi
tion-sensitive time-of-flight arms. Each arm consists of 
a parallel-plate avalanche "start" counter and of posi
tion-sensitive, large area parallel-grid avalanche "stop' 
counters. The spectrometer is mounted on a beam-line of 
the U-400 heavy-ion accelerator. 

The investigation has been performed at the LaboratorJ 
of Nuclear Reactions, JINR. 

Communication of th e Jcint Instltu!c for Nuclear Research . Dubna 1992 



BBEJlEHHE 

Hccne.uoBaHHe MaCCOBUX, 3HepreTHqecKHX H npocTp~HCTBeHHUX ' 

pacnpe.ueneHH8 IlpO.llYKTOB peaKUH8 C TH~enUMH HOHaMH HMeeT nep-
·::' .': ., ' ' , 

BocreneHHY~ 3HaqHMOCTb .unH H3yqeHHH _MexaHH3Ma B3aHMO.lle8CTBHH 

cnoxrnux H.uep. · KaK noKa3aHo B pa6oTax · [1-4), .uaHHY~ 3a.uaqy 

M_O~HO pelllaTb, Hcilonh3YH KOppenHUHOHHY~ MeTO.llHKY perHCTpaUHH H 

H.lleHTHct>HKaUHH hpo.uyKTOB peaKUH8. 

PaHee B JIHP OHHH 6un C03.llaH .llB yxnneqeB08 B peMHnponeTHU8 . 

cneKTpOMeTp ycTaHOBKH )l9MAC [5], ycnelllHO npHM~HHBlllH8CH npH· 

H3yqeHHH .llBYXTenbH!:lX peaKUH8 [4,6]. 0.UHaKO ero npHMeHeHHe .unH 
-27 2 · · H3yt:ieHHH peaKUH8 c ManUMH (:S10 CM) ceqeHHHMH 6uno 3aTpy.u-

HHTenhHO H3-3a ero He6onbW08 reoMeTpHqecK08 3cpcpeKTHBHOCTH . 

.llnH yBeJIH"!eHHH CBeTOCHnl:l .llaHH08 ycTaHOBKH 6irnH p;3 pa6o_: 

TaHu no3HUHOHHo~·t:iyBCTBHTen&Hu~ MHoronpoBonot:iHue naBHJiHUe cqeT~ 

t:iHKH cnqJic) 6on&rno8 nnoma.uH c2sox100 MM). B pe3yn&TaTe 6unH 

yBenHt:ieHu:, TenecHu8 yron Ka~.uoro nnet:ia B 8 pa3, . np,e.uenu 

OCHOBHl:le xapaKTepHCTHKH cneKTpOMeTpa_ 

'• ' 
np~.uenu H3MepeHHH yrnoB pa3neTa,npo.uyKTOB: 

B nnocKOCTH peaKUHH e - OT 15° .llO 165° 

BHe nnoCKOCTH If) 

TenecHu8 yron Ka~.uoro "nnet:ia" 

Tot:iHocTh H3MepeHHH yrnoB oe, o<p 
BpeMe1rnoe pa3 perneHHe ot 

.uo nocne 
peKOHCTPYKUHH 

± 7,5° ± 20° 

± 2, '3° ± 70 

25 MCp 185 _Mcp 
o·, 2° ·0,2° 

250 nc 230 nc 
r, 

H3MepeHHH yrnoB pa3neTa npo.uyKTOB peaKUHH B H BHe nnocKOCTH 

peaKUHH Ka~.uoro nneqa B 2, 7 H '3 pa3a COOTBeTCTBeHHO, qTo no3...: 

BO~Hno yBenHtIHTb. o6my~ 3¢¢eKTHBHOCTH perHCTpa~HH KOppenHpo

BaHHUX npo.uyKT~B .llBYXTenbHUX peaKUH8 6onee qeM B. 50" pa3. 

CpaBHHTen~HUe xapaKTepHCTHiH cneKTpOMeTpa .llO H nocne peKO~C

TPYKUH~ npHBe.lleHU B
0

Ta6nHue 1. 

cxeMaTHtiecKoe H3o6pa~eHHe .llByxnneqeaoro ap~MHnponeTHoro 

cneKTpOMeTpa . npHB8.ll8HO Ha pHC. 1. OH COCTOHT H3, .llBYX WHpOKO:.. 

anepTypHhIX n,o3HUH_OI.IH.Q..:.,~_BCTBHTen&HUX naBHHHJ:tX ctieTqHKOB H 
' '')I,.,_ •·n•·~,..,.. .. , "\ fJt>--,-.r;;, I : ",,u .,_,...,..h:Jll-. llt'lf-:.! .111w1htl' t • 

~ ·• 1.'1-::;t!it.~J iJC~ :1~Ii0BllUOG f. 
i 5Vi5JfHOTEKl, t -~---- -- ' 

\.' 
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PHC.1. CXeMaTHqecKoe H30-

6paxeHHe nByxrrneqeBoro Bpe

MHrrponeTHoro crreKTpoMeTpa'. 

1 - rryqoK HOHOB, 2- MHilleHb, 

3-"CTapTOBUA" nrtnc, 4-"CTO

IIOBUA" nqnc, 5- BXOaHoe OK

HO, 6- MOHHTOp ( nn..u ·si (Au)) , 

7- UHJJHHnp ¢apaneH. 

11
CTapTOBOr0

11 
aeTeKTOpa. B KaqeCTBe 11 CTapTOBOr0 11 aeTeKTOpa IIpH- , 

,i' I • J ' • 

MeHHJJCH TpaHCMHCCHOHHUA neTeKTOp Ha OCHOBe MHKpOKaHaJJbHUX 

IIJJaCTHH (MKD) HJJH IIJJOCKOIIapanJJeJJbHUA JJaBHHHUA cqeTqHK cnnnc). 
'' \ ' ( ' ' ' 

' Il03HUHOHHQ-qYBCTBHTEnbHhl~ MHoronPOBOnoqH@n nABHHHhlfi CqETqHK 

(KOHCTPYKUH.H) 

Ha pHc. 2 IIPIIBe,LleHo cxeMaTHqecKoe H3o6p'axeHHe nqnc. · OH 

HBJJHeTCH MOnHtHKauHeA nqnc, OIIHCaHHOro B pa6oT~ ·~1]. Cq~TqH~ 

HM~eT pa6oqyIO rrnomanb 280x1 OOMM H cocToHT H3 Tpex 3JJeKTpCJ-' 

noB: ueHTpaJJbHoro o6mero KaTona H nByx ~rnonHux rrnocKocTeA. 
' ' ' 

KaTon H3roToBJieH H3 naBcaHOBoA tonbrH TOJJIUHHOA 2MKM, rrpII.:-

KJieeHHoA K PaMKe II3 (pOJ1brl1poBaHHOro CTeKJ10TeKCTOJ1l1Ta. "<DOJJbra C 1 

' ' '' ' .·, ·, z ', ' ' ' ,: 
nByx CTOpOH IIOKpUTa cepe6poM TOJJIUHHOA m30MKr/cM. AHonu HMeIOT'. 

pa3JJHqHyIO KOHCTPYKUHIO. nepBUA ' rrpencTaBJJHeT :, co6oA paMKY.' Ha 

KO~opy~~c rnaroM 1,25MM 3arraHHU HHTH H3 Be~C~ TOJJIUHHOA 5~M~~- · 
. ., ~ - ' 

BTopoil: aHon H3rOTOBJJeH H3 toJJbrHpoBaHHoro CTeKJJOTeKCTOJJHTa 

MeTo,noM XHMHqecKoro TpaBJJeHHH H rrpencTaBJJHeT, co6011 IIJJOCKOC"t:b 

H3, .M.~nHux IlOJJO,c •. Ka~aH IIOJJOCa HMeeT illHpHHY ,1 MM,, paCCTOHHHe 

MexnY.,UeHTpaMH ,IIOJJOC paBHO 1,25MM. Ha o60HX aHona,x KaxnaH ,, . . . ·' . . , . . . . I 

HH,Tb., H. IIOJJOCa ,B OTaeJJbH~CTH . 3a3eMJJeHU qepe3 corrpoTHBJJeHHe, B 

1,_~MOM .. AHOaHue,, HHTH H IIOJJOCU, B3a,l1MHO rreprreH,[\l1KYJ1HPHbl. 3JJeK'"7 

· Tponu nqnc KpeIIHTCH CTporo rrapaJJJJeJJbHO .c. MeX3JJeKTponHUM.H 3a-

30pa~rn 3.±o, 05~~: Ha .~Pa.IO Kaxn,oA aHonHqA IIJJOCKOCTH rreprreHaHKY

JJHpHO _ IIOJJOCaM (HHTHM) pa3MemeHu JJHHHH 3anepXKH (fl3), Ha KOTO-
' ' , . ' .. ,,., . ", ' 

pue HHnyUHJJYIOTCSI CHrHaJJu OT Tex IIOJJOC ( HHTeil:) •,- B6JJH3H KOTOph!X 

2 

~.-

1, 

rrponeTena neTe~THJJY~MaH qacTHUa. O,nHH KOHeu fl3 3a3eMneH qepe3 

corrpoTHBJJeHHe, BeJJHqHHa KOToporo'(R) paBHa peaK~HBHOMY corrpo

THBJJeHHIO fl3 ( Z). co BTOporo CB06onHoro KOHUa fl3 CHHMaeTCH 

CHrHaJJ. EucTpUH 11 BpeMeHHOH 11 CHrHaJJ 6epeTC51" C ueHTpaJJbHOro 

KaTona. 

MecTo rrpoxoxneHHH qacTHUU ( KoopnHHaTa) orrpe.nenHeTCH no 

pa3HOCTH Bpe~eH rrpHxona CHrHaJJOB C KaTo.na H n3. TaKHM o6pa30M 

ff 

C A M A C 

PHC.2. cxeMaTHqecKoe H3o6paxeHHe nqnc H 6noK-cxeMa 3JJeKTpo

i - IIOJJOCKOBUH (X) H ce~ 
' 

HHKH epeMHIIpOJJ~THOro crreKTpOMeTpa: 

·TOqHUH (Y) aHonu. 2 - KaTon, 3 - JJHHHH 3a,nep~KH; PA - rrpe.n-

yc1urnTeJ1b, CFO - cy6HaHOCeKyH,LIHblH cpopMIIPOBaTeJJb' TFA 6bICT-

PbIH YCIIJ1IITenb, TAC -- BpeMHaMIIJ1IITY,LIHbJH. rrpeo6pa30BaTenb', ADC _. · 

aMIIJJIITY,LIHO-UIICVPOBOH rrpeo6pa30BaTeJib. KK - KpeHT-KOHTpOJJJJep. 

EOC - 6JJOK opraHH3aUHH COBrraneHHH. FIFO - 6ytepHaH rraMSITb. 

I/0 - BXOaHOH-BHXO.UHOH perHCTp. 
3 



c nonocKoaoro H npoaonoqHoro aHonoa nonyqaIDTCH cooTBeTCTBeHHo 

X-H Y-KoopnHHaTU nonanaHHH ,qacTHU B neTeKTop. 

npH naaneHHH pa6oqero ra3a P~3Topp 3neKTpOHHaH naBHHa 

pacnrnpHeTCH H3-3a nHctictJY3HH 3neKTpOHOB [ 8), H ll!HpHHa naBHHU 

npeamnaeT paCCTOHHHe MeX<ny nonocKaMH _( HHTHMH). B 3TOM cnyqae 

HHnYUHPYIDTCH CHrHanu B HeCKOnhKHX cocenHHX nonocKax (HHTHX), 

H MecTo npoxoX<neHHH qacTHUU nonyqaeTcH H3 onpeneneHHH ueHTpa 

THX<eCTH CHrHana. TaKHM MeTonoM ynaeTCH nonyqHTb KOopnHHaTHOe 

pa3pemeHHe nyqme, qeM paccTOHHHe MeX<ny nonocKaMH (HHTHMH) 

[ 9]. 

onHo H3 npeHMymecTB naHHOH KOHCTPYKUHH 3aKnIDqaeTCH B TOM, 

qTo 3neKTpOCTaTHqecKHe CHnu npHTHX<eHHH Ha KaTO,[( B3al1MHO YPaBIIO-

BemeHw,H cponhra KaTona He nporH6aeTcH. BnHHHHe TaKoro nporH-
• ' ' f 

6aHHH, npHBOnHmero K CHnhHOMY yxynrneHHID BpeMeHHOrO pa3pemeHHH 

cqeTqHia, onHcaHo B pa6oTe [iOJ. 

B KaqecTBe pa6oqero ra3a nnH nqnc MoryT 6uTb Hcnonh30BaHu 

napu yrneaonoponoa ( H3o6yTaH - c H , neHTaH - c H w np. J. 
4 w . s n 

B naHHOM :neTeKTope npHMeirnnCH neHTaH. npH 3TOM 6una CKOHCTpy-

HpOBaHa npoToqHaH ·ra3oaaH cHcTeMa. Pacxon ra3a npH TeMnepa~ 

Type 18°C H naaneHHH B cqeTHKax p "'3+4 Topp COCTaBnHn "' 70 

MJI/cyT., 

B KaqecTBe axonHuX OKOH npHMeHHnHCb TOHKHe opraHHqecKHe 

cponhrH ( naacaH, Hostopan, nonHnponHneH) TonmHHOH 

"'100+300MKr/cM2
, npHKneeHHue Ha MeTannHqecKyID paMKY c nonnep

X<HBaIDme8 ceTKOH H3 CTanH TonmHHOH 125MKM, HaMOTaHHYID HqeHKaMH 

1OX15MM. 

CTapToBUH nrrnc HMen pa6oqyID nnomanh 40x10MM H pacnonaran

CH Ha pacCTOHHHH 40MM OT MHllieHH. KoHCTPYKTHBHaH oco6eHHOCTb 

.TTTIIlC COCTOHJia ~ TOM, qTO BXO,[(Hoe H BWXO,[(HOe OKHa (DOJIHilPODH

JieH o:100 M.Kr/cM2
' IlOKPblTblH 30JIOTOM "40 MKr/cM

2
) O,[(HOBpeMeHHO 

HBnHnHCb 3neKTponaMH. 3TO Il03BOnHno MHHHMH3HpOBaTb noTepH 

3HeprHH npH npoxoX<neHHH · qacTHU qepe3 nnnc. MeJK3neKTponHuH 

3a3op paBHHncH 3±0,05MM. BnH o6ecneqeHHH nnocKonapannenhHOCTH 

3neKTponu nonnepJKHBanHCh ceTKOH c Hqe8KaMH 1x1MM. nnnc non

KnIDqancH K ra30BOH CHCTeMe nqnc. 

nonpo6Hoe ODHCaHHe KOHCTPYKUHH H OCHOBHUX xapaKTepHCTHK 

neTe~TOpa Ha OCHOBe MKil npHBeneHO B pa6oTe [11]. 

4 

·f· 
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PE3YRbTAT~ HCIT~TAHHR 

npenaapHTenbHO, no nonHoH c6opKH cneKTpoMeTpa Ha KaHane 

BUBeneHHoro nyqKa UHKnOTpOHa Y-400, neTeKTOpU 6unH HCilUTaHU 

Ha CMelliaHHOM HCTOqHHKe a -qacTHU 
241

'
243Am H HCToqHHKe ocKon-

24B KOB cnOHTaHHoro neneHHH Cm. B pe3ynbTaTe HCilUTaHHH 6unH 

H3MepeHU BpeMeHHOe H Il03HUHOHHOe pa3pemeHHH cqeTqHKOB, a 

TaKJKe BpeMeHHUe.xapaKTepHCTHKH 

H TeMnepaTypu pa6oqero ra3a. 

nqnc B 3aBHCHMOCTH oT naaneHHH 

Ha pHC. 3a, 6 COOTB8TCTBeHHO npencTaBneHU cneKTpU. BpeMeHH 

nponeTa a - qacTHU OT CMelliaHHoro HCTOqHHKa. 
241

'
243

Am H OCKOn-
248 KOB cnoHTaHHoro neneHHH em. B peMeHHoe pa3 pemeHHe nnH a -

qacTHU H nerKOH rpynnu OCKOnKOB COCTaBHnO BenHqHHY i.\t"'230 

H 280 nc 

npH perHcTpaUHH 

COOTBeTCTBeHHO. IlpH 3TOM cnenyeT yqeCTb, qTo 

OCKOnKOB neneHHH Ha BpeMeHHOe pa3pemeHHe 

cymecTBeHHOe BnHHHHe OKa3UBaeT pa36poc no CKOpOCTHM, BHOCHMUH 

cponbraMH cTapTOBOro neTeKTOpa H TonmHHOH caMoro HCToqHHKa. Ha 

pHc.4a npencTaBneH cneKTp apeMH nponeTa TOF-X KOopnHHaTa. Ha 

HeM oTqeTnHBO pa3nenHIDTCH rpynnu nerKHX H THJKenux OCKOnKOB .. 

. neneHHH 248 Cm, a TaKJKe BHnHu nae ropH30HTanhHUe nonocu, · cooT:-

200 

.rt 
0 
>< 
:.l 
mlOO 

a 

l 
241,243 

Am 

230 nc 

. 
0
1~0 230 

TOF, xairnn 
280 

600 ~~~~~~r-r~•~r-r-r-,-.-, 

6 248 . ,' 
Cm(sf)' 

400 
rt 
0 
>< 
:.l 
m 

280 nc 

200 

o I • J • • , • · ....... , · , • 1 

200 600 1000 
TOF, xaHan 

P~c.3. Bpe~HnponeTHue cneKTpu: a) a - qacTHU OT cMemaHHoro· 

HCToqHHKa 241
'
243Am, 6) OCKOiIKOB CrIOHTaHHOro neneHHH 

248
cm. 

Pa6oqHH ra3 ne'HTaH P=2, 8 TO pp, HanpHJKeHHe Ha nqnc U = -540B. 
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X 

-~i~~::~~:. 

TOF 

1Hi~i:;:f .~: 
::::::-.::. ::=:::·. ·. 
iiiiii::!;.: 
!~;::t,:-·= . 

200 [iiiliililjlilliliiljliilllilljiiiillilljillililj 

150 
rn 

+J 
C: 
~ 

3100 

:i 
50 

PHC.4. nByxMepHU8 cneKTp - BpeMH npoJieTa (TOF) - X-Koop.nHHa-
. 6 .z~j Ta (a),O.UHOMepHU8 - X - Koop.nHHaTa ( ) OCKOJIKOB .nene~HH Cm. 

BeTCTByKJmHe npoBaJiaM B o.nHoMepHOM cneKTpe X - KOop.nHHaTU 

( pHC. 46), KOTOpue B03HHKJIH H3-3a IlOMemeHHUX Henocpe.ncTBeHHO 

riepe.n rrqJic .nii yx Henpo3 pa•rnux .nnH qacTHU nonocoK urnpHHo8 

2MM. 3aMeTHU8 H3rH6 B THX8JI08 rpynne OCKOJIKOB (pHc.4a) B03HH

KaeT BCJie.ncTBHe yBeJIH'I8HHH npoJieTH08 6a3U no o6e CTOpOHU OT 

ueHTpa C'!eT'!HKa. H3o6paxeHHU8 Ha pHC.5 cneKTp X-Y - KOop.nHHaT 

nonytieH .. C IlOMOmbKJ COOTBeTCTBYKJmero TpacpapeTa, 3aKpenJieHHoro 

Heri6c~e.ncTBeHHO nepe.n rrqJic. 

KaK IlOKa3aHO B pa6oTe (7], BpeMeHHUe xapaKTepHCTHKH rrqJic 

CHJibHO 3aBHCHT OT .naBJieHHH pa6oqero ra3a. Ha pHc.6 npe.ncTa~

JieHU 3aBHCHMOCTH IlOJIOJKeHHH B peMeHHoro IlHKa B TOF cneKTpe 

(CilJIOlliHaH JIHHHH) H BpeMeHHOe pa3perneHHe rrqJic (nyHKTHpHaH 

JIHHHH) OT .naBJieHHH pa6oqero ra3a COOTBeTCTBeHHO, ITPH pe

rHCTpaUHH a-qacTHU. KaK BH.UHO H3 rpacpHKa, npH IlOCTOHHHOM "Ha

npHxeHHH U=-540B IlOJIOXeHHe BpeMeHHoro IlHKa CHJibHO 3aBHCHT OT 

.naBJieHHH ra3a. Ero c.nBHr COCTaBHJI BeJIH'IHHY ~~1,3 HC /Topp B 

o6nacTH P=3+5Topp. HaHnyqrnee pa3perneHHe nonytieHo npH .naBJieHHH 

P=2,8 Topp,'ITO xoporno cornacyeTCH c pe3yJibTaTaMH pa6oTu [7]. 

EHJIH.TaK:xce H3MepeHU 3aBHCHMOCTH IlOJIO:XCeHHH BpeMeHHOro IlHKa 
-.,.~ 

H a~nJIHTY.UH~8 pa36poc cHrHaJioB rrqJic OT TeMnepaTypu pa6oqero 

6 

.: 

:t 
l 

,1~1 
, I 

{1 

f 
I 

l 
'I 

·' I 

J!RI. 
. 2.5 MM 

1919. PHC.5. nByxMepHU8 cneKTp .X-Y -

KOop.nHHaT, rronyqeHHblH C ITOMOII\b!O TPa

cpapeTa, noMemeHHoro nepe.n rrqJic~ 

ra3a npH IlOCTOHHHOM HahpHXeHHH H .naBJieHHH. 8 .nHana30He 

t=20+50°C cymecTB8HHOro C.UBHra B peMeHHOro IlHKa He Ha6JIKJ.na-: 

JIOCb. AMilJIHTY.UHH8 pa36poc CHrHaJIOB npH IlOBHllieHHH TeMnepaTypu, 

yBeJIH'IHBaJICH ~a BeJIH'IHHY 0,1 npoueHTOB/rpa.nyc. 

0 
tl 

Q) 

~350 
Q) 

~ 
~ 

500 :4 

a 
Q) 
p. 
t'l 
(II 
p. 

~ 
ff 

~250 
,e,i 

475 O 

m m 
Q) 

=Q) 
p. 
Ill 

150 L--L---''---''--1---'---'~-'-~-'-~-'450 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 

P, Topp 

Q) 

=Q) 
p. 
Ill 

PHC.6. 3aBHCHMOCTb no'JimKe-

HHH BpeMeHHoro IlHKa B TOF 

cneKTpe- ( J. - CilJIOlliHaH JIH

HHH) H BpeMeHHoro pa3perneHHH 

CHCTeMU IlIIJIC-rrqJic (. -nyHK

THp) OT .naBJieHHH pa6oqero 

ra3a, U=-540B ( 52 nc . /Kamin). 

HAKOIIJIEHHE 3KCIIEPHMEHTAJibHhlX nAHHhlX 

EJIOK-CXeMa 3JI8KTpOHHKH cneKTpOMeTpa npHBe.neHa: Ha pHC. 2. 

OHa co.nepxana: cy6HaHoceKyH.nHue npe.nycHJIHTeJIH (PA), cneuHaJih

HO. pa3pa6oTaHHUe . .nJIH rrqJic B UHHH, PocceH.nopcp. K KaTo.ny 

no.nKJIKJ'IaJICH npe.nycHJIHT8Jlb THna ZfK 5027-40 c co6cTBeHHUM Bpe

MeHeM HapacTaHHH ~cp= 0,7HC H cpe.nHeKBa.npaTH'IHUM HanpH:XCeHHeM, 

npHBe.neHHUM K BXO.UHOMY, <u2>1
/2 <15.MKB. K JIHHHHM 3a.nep:XCKH no.n

KJIKJ'!aJIHCh npe.nycHJIHTeJIH THna ZfK 5027-30. Hx .UHHaMH'!eCKHe 
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BXO.UHUe conpoTHBJI8HH.H cornacOBUBaJIHCb C HMne.naHCOM R3 

(Z=389-0M),H BpeM.H HapacTaHH.H cHrHaJia orpaHHqHBaJio nonocy npo

nycKaHH.H qacTOT B .UHana30He, r.ne .UHcnepcH.H CHrHaJIOB C R3 KOM

neHCHpOBaHa. B aHaJioroBue TpaKTU BXO.UHJIH TaK:xce: 6UCTpue .UHC

KpHMHHaTopu ( ORTEC - CFD 584, CFD 473A), 6ucTpue ycHJIHTeJIH 

( ORTEC - TFA 474), BpeM.HaMIIJIHTY,[IHbie '. npeo6pa30BaTeJIH. ( ORTEC 

-TAC 457, Polen - TAC 1701).CHrHaJibl c BpeM.HaMIIJIHTY,[IHb!X rrpeo6-

pa30BaTenefI IIOCTYIIaJIH Ha aMIIJIHTY,[IHO-umlJpoBbie npeo6pa3oBaTeJIH 

(ADC) nA-24K [ 12), .nanee qepe3 KpefIT-KOHTPOJIJiep ( KK) KK-001 

[13), 6ycpepHyD rraM.HTb (FIFO) Kn-16K H IIJiaTy BXO.UHOH-BUXO.UHOH 

perHCTp (I/0) BB-18n, H3POTOBJieHHWe B RHP OHHH, nocTyrranH Ha 

Il3BM IBM-PC/AT. Pa3pemeHHe Ha cqHTUBaHHe cpH3HqecKoro ~noBa 

ocymecTBn.HJIOCb C IIOMOmhD 6noKa opraHH3aUHH COBrra.neHHH (BOC) 

KR.:.23K [12). 

HaKonneHHe 3KCnepHMeHTanhHUX ~aHHUX ocymecTBn.Hnoch c rro

MomhD YHHBepcaJibHOH rrporpaMMU "SPM", KOTopa.H II03B0n.Hna rroco-. 

6UTHHHO 3ailHCUBaTb .naHHUe Ha TBep.nu8 ,[IHCK H B 16 6yqie

pax _naM.HTH ocymecTBn.HTb HX copTHpOBKY H KOHTponupoBaTb no 

_3a,naHHUM ycnoBH.HM. 

OBPABOTKA 3KCilEPHMEHTARbH~X ~AH~X 

OKOHqaTenbHa.H cpH3HqecKa.H o6pa60TKa .naHHUX rrpoBO.UHJiaCb 

rrocne 3aBepmeHH.H Ha6opa. H3 COBOKYIIHOCTH 3KCIIepHMeHTanbHUX 

IIapaMeTpOB ( t , l!.t, X , 'y ) rrpoBO.UHnOCb BUqHcneHHe Mace 
1,2 1,2 1,2 

\ KoppenHpOBaHHUX rrpo.nyKTOB, nonHOH KHH8THqecK08 3HeprHH (TKE), -

a TaK:xce CTpOHnHCb yrnoBue pacupe.neneHH.H npo,nyKTOB peaKUHH B 

3aBHCHMOCTH OT HX 3HeprHH H Maccu. 06pa60TKa .naHHUX ocymecTB7 

n.Hnacb C IIOMOmhD rraKeTa rrporpaMM "DEMAS", HanHCaHHUX Ha .H3UKe 

nacKanb Ha 3BM IBM-PC/AT,H IIpOBO.UHnacb B TPH 3TaIIa. 

Ha rrepBOM 3Tarre C IlOMOmhD ymrnepcaiihHOH rrporpaMMU 

"RESORT" npOH3BO.UHJiaCb nepBHqHa.H copTHpOBKa .naHHUX ( oqHCTKa 

OT co6UTH8 c HyneBUMH rrapaMeTpaMH, OT cnyqafIHUX COBna.neHH8), 

. rrpH 3TOM C03.UaBaJIC.H HOBUH cpa8n .naHHUX. Ha BTOpOM 3TaIIe C no

MOmhD nporpaMMU "SOURCE" IIpOBO,n:Hnacb OCHOBHa.H o6pa6oTKa ,.naH

HUX no cne.nyDmeMy anropHTMy: IIOCJI~ IIO.UCTaHOBKH KanH6poBoqHuX 

K03cpcpHUHeHTOB .UJI.H Ka~oro H3Mep.HeMoro rrapaMeTpa uonyqanH He

.nocpe.ncTBeHHO BUqHcn.HeMUe .UJI.H OT.U8JlbHOro co6UTH.H BeJIHqHHU -

t , a , <p , r ne t - B peM.H uponeTa qacTHUU 2 Me:xc.ny 
1,2 1,2 ' 1,2 • 2 8 

11 CTapTOBUM 11 nnnc H "CTOilOBUM" nqnc2; t - BpeM.H Me:xc.ny 
. 1 ' 

"cTapTOBUM 11 CHrHanoM OT 2- H qacTHUU cnnnc) H 11 CTOn 11 -CHrHanoM 

OT nqnc1; 8 ,<p - yrnu BUneTa qacTHU B H BHe IlJIOCKOCTH 
1,2 1,2 

peaKUHH OTHOCHT8JlbHO OCH nyqKa COOTBeTCTBeHHO. 

Maccu H CKOpOCTH npo.nyKTOB (M , u ) Henocpe.UCTB8HHO 
1,2 1,2 

nocne peaKUHH BUqHcn.HnHCb B npe.nuono:xceHHH .UBYXT8JlbHOCTH npo~ 

uecca: 

M'+M =M +M - coxpaHeHHe qHcna HyKJIOHOB (M~A) 
p_r t g 1 2 

Mu sine 
1 1 1 

Mu sine - coxpaHeHHe HMIIYJibca nep-
2 2 2 (1), 

neH.UHKYJI.HpHO OCH nyqKa. 

nn.H BUqHcJieHH.H CKOpOCTeH qacTHU HeIIocpe.ncTB8HHO nocne peaKUHH 

)'lIHTbll:laJIHCb HX 3HepreTHqecKHe IIOTepH B BemecTBe MHlli8HH,. no.n

JIO:XCKe MHlli8HH, cpOJihrax ·cTapTOBoro Jl8TeKTOpa, BO BXOllHOM OKHe 

· nqnc ( IlOT8pH 3HeprHH B pa3JIHqHux cpe.nax paccqHTUBaJIHCb C 

IlOMOmhD IlOJIY3MIIHpHqecKOH cpopMyJiu H3 pa6oTU [ 14]). nJI.H 3Toro 

HTepaUHOHHUM CIIOC060M pemaJiaCb CHCTeMa ypaBH8HHH (1) OTHOCH~ 

180° T8JlbHO H8H3B8CTHUX M , u .,D,arree C YCJIOBHeM 8 + 8 
1,2 1,2 1 2 

(cyMMa yrJIOB 

6op co6UTHH, 

pa3JieTa B CHCTeMe ueHTpa Mace) rrpOH3B0JlHJIC.H OT-

H/:IYmHx c IIOJIH08 nepe.naqeff HMilYJibCa (.niyxTeJibHUe 

npoueccu). BeJIHqHHa IIOJIH08 KHHeTHqecKo8 3HeprHH - TKE-onpene

JI.HJiacb H3 COOTHOlli8HH.H: 

TKE = M u
2 
/2 + M u

2 
/2 . 

1 1 2 2 
(2) , 

B pe3yJibTaTe .naHHOH o6pa6oTKH cpopMHpOBaJIC.H BUXOJlH08 cpa8JI, 

co.nep:xcamHH OKOHqaTeJibHUe B8JIHqHHU u , 8 JlJI.H Ka:xc.noro 
1,2 1,2 

co6UTH.H. Ha Tp8Tb8M 3TaIIe npH IlOMOmH nporpaMMU PHYS6 npoBOJlH7 

Jiach Il0°CT06pa60TKa .naHHUX: IlOCTpOeHHe He06XOJlHMUX OllHOMepHUX 

H .UB y:irnepHUX cneKTpOB ( M , TKE, M-TKE, . M-8 ••• ), copTHpOBKa 
~ ' 

cpH3HqecKHX .naHHUX B KOHKpeTHO IlOCTaBneHHUX npe.nenax, pac~eT 

HX cpellHHX BeJIHqHH H JlHCnepcH8. HMeJiaCb TaK:xce B03MO:XCHOCTb 

C03JlaHHSI' BHXOJlHUX cpa8JIOB .UJISI IlOCTpoeHH.H Ha rpacponocTpOHTeJie 

au6paHHUX cneKTpOB. 

Ha pHc.7 H3o6pa:xceHa 3aBHCHMOCTb auxo.na npo.nyKTOB B peaK

UHH 208Pb + 48Ti ( 264M3B) O_T yrJIOB 81 H 82 B na6opaTop~~8 

cHcTeMe KOOPllHHaT. Ha pHcyHKe au.neJISIDTC.H co6UTH.H, cooTBeTcT-
• I , • ,'. 

ByDmHe ynpyrHM npoueccaM H CHM~eTpHqHOH cpparMeHTaUHH. Cnnom-
HUM nHHIUlM_ COOTB8TCTBYDT pac11eTHUe 3aBHCHMOCTH 8 =f( 8 ) npH 

9 1 2 



208 48 
Pb + Ti (264 MaB} 

R=4.33 

PHC.7; Buio.n ,nayxTenbHUX 
208 rrpo.nyKTOB peaKUHH Pb+ 

48Ti (264 M3B) B 3aBHCHMOC

TH OT yrnoa pa3neTa 01, 02 

·! 

~ 
!; 80 

a na6opaTopHOH CHCTeMe. RH-· 

HHHM COOTBeTCTBYIOT pacqeT

HUe 3aBHCHMOCTH 0 OT 8 
1 2 

N 
m rrpli COOTHOlllemrn Mace perHCT-

55'----'-~-'-----'-.,_____.___,_,"-'------'--' 

pHpyeMUX rrpo,nyKTOB c R=1 

( Ml =M2 =MCN/2) - crrno111HaH H 

yrrpyroMy paccemrnIO - R=O, 23 

H 4,33 (M /M HM /M )-20 45 70 
0 1 , rpa,z:t. pr tg tg pr 

rryHKTHpHUe. 

pa3nHqHuX COOTHOllleHHHX Mace perHcTpHpyeMUX rrpo,nyKTOB (R=1 

COOTBeTCTByeT 06pa30BaHmo rrpo.nyKTOB C ·MaCCOH Ml=M2=MCN/2, 

yrrpyroMy pacceHHHIO - R=M /M (M /M )=0,23 (4,33)). 
pr tg tg pr 

Ha pHc.8a,6 rrpe,ncTaaneHU 3aBHCHMOCTH BUXO,nOB rrpo,nyKTOB OT 

M, TKE Ca) H e +e , TKE ( 6),. rronyqeHHUe a TOH JKe peaKUHH. B 
1 2 

rrepBOM H3 HHX OTqeTnHBO BU,nenHIOTCH TpH rpyrrrru co6uTHH - rrpo-

.nyKTU'.yrrpyroro H KBa3Hyrrpyroro B3aHMo.neAcTBHH, rrpo,nyKTU CHM-

350 ~ 208 48 350 t 208 48 
Pb+ Ti (264 MaB} Pb+ Ti (264 MaB} 

~ ••or 
Ill 
l'l 250 ::a 

~' ' ~ 
E-t E-t 

150 150 

' 

50 50~ 
0 100 200 140 _190 _ 240 

M, a~M. 0 1 +82, rpa,z:t. 

PHC. 8. Buxo.n rrpo.nyKTOB peaKUHH 208
Pb +48Ti ( 264 M3B) B 3aBH-:

CHMOCTH OT Mac cu ( M) H rronHOH KHHeTHqecKOH 3HeprHH ( TKE) 

(a); cyMMU yrnoa pa3neTa a CHcTeMe u. M. (8 +B J H TKE ( 6) • 
IO i 2 

10. 

f a 
10. 

lQ I 

10 

1 
10 • 

L 6 
10 1 

I:[ 
,0 

~ 10 I 

Ill 

10 

1 
10 • 

~ B 

10. 

10.1 

10 

1 . 
130 180 230 

91 + 8 2, rp!>'A. 

PHC.9. Buxo.n rrpo.nyKTO~ peaKUHH 
208

Pb+
48Ti ( 264 M3B) . B 3aBHCHMOC

TH OT cyMMU yrnoB pa3neTa B ,CHC

TeMe u.M. 0+0 (a)- rronHU8, (6)-
1 2 , 

.nnH co6UTHH, COOTBeTCTBYIOmHx rrpo-

,nyKTaM yrrpyrHx! KBa3HyrrpyrHx B3a- . 

HMo.ne8CTBHH H CHMMeTpHqHQH ~par-:

MeHTaUHH, (B)- .nnH co6UTHH, pa~-:

rronoJKeHHUX rro.n IIYHKTHPHOH KpHB~H 

Ha pHc.8a. 

MeTpHqHoH ~parMeHTaUHH, neJKamHe 

co6u-MeJK,ny HHMH,H HHJKe 

THA,pacrronoJKeHHaH 

KpHBOH. Bo BTOpOM 

rpyrrrra 

rro.n rryHKTHpHoA 

pHcyHKe au.ne-
nHIOTCH .nae rpyrrrru co6UTHH a OK

pecTHOCTH. 01 + 02 =180° H 81 + 0
2
> 

180°. 

Ha PHC.; 9 a, 6, B H306paJKeHU 

CIIeKTPU auxo.na rrpo,nyKTOB B_3aBH

CHMOCTH OT 8 +8 : a - IIOnHUH, -. 6 -
· 1 2, · · · · ., 

.nnH rpyrrrru co6UTHH, COOTBeT,CTBYIO-

~HX rrpo,nyKTaM yrrpyrHX, KBa3HYII

pyrHX ~3aHMO,neAcTBHH H CHMMeT

pHqHOH ~parMeHTaUHH ,B - IIPO~YK~ 

TaM ' peaKUHH, COOTBeTCTBYIO_mH_M BU~ 

.neneHHOH o6nacT~ B_ cpeKTpe Ha 

pHc.8a. KaK aHnHo ~3 rrocne.nHero 

pHCYHKa, O~H KOMIIaKTHO ~PYIIIIHpy7 
IOTCH a o6nacTH B1+B2,,,193° H cooiaeTcTay10T rrpoueccaM, H.ny_mHM c 

HenonHOH "rrepe,naqeA HMIIYJlbCa. TaKHM o6pa30M y,naeTCH pa3~eJISJTb 

co6UTHH, COOTBeTCTByIOmHe pa3nHqHUM MexaHH3MaM B3aHMo,neHCTBHH, 

a qacTHOCTH, au,nenHTh ,nayxTen&Hue co6UTHH, qTo rro3aonH'ei rrpHMe

HHTh ,naHH~~ cneKTpoMeTp .n:rn · H3 yqemrn · ,IfeJleHHH H,nep ua nyqJCax 

THiKenux Iioiioa. 

·a HaCTOHll\ee B peMH Ha .naHHOM; cneKTpOM€!Tpe rrpoao.nHTCfl HC

cne.noaaHHH xapaKTepHCTHK rrpo.nyKTOB peaKUH~ C THMenUMH HOHaMH, - . - II .. 



npH pa3JIH'IHUX 3HeprH5IX HaJieTaKlIUHX HOHOB H KOM6HHaUH5!X 

HOH-MHll!eHb. npoBe.rteHH!,Ie Ha IlY'IKaX . THJKeJII,IX HO HOB . .UJIHTeJibHUe 

3KCnepHMeHTU IlOKa3aJIH BUCOKYKl Ha,neJKHOCTb H npoc;ToTy·a 3KCilJiy

aTaUHH C03,UaHH08 ycTaHOBKH. 

: ABTOpU ·aupaJKaKlT 6narri.nap~OCTb ID.U.OraHeCHHY H ID.s.neHHOH-
1 . 

JKKeBH'IY 3a no.n.neplKKY H BCeCTOpOHHee co.ne8cTBHe, OKa3aHHOe B 

npouecce co3,na~HH ·cneKTpoMeTpa, a TaKJKe B.3a8.neJIKl, X.3o.rt~Hy, 

n:n.qeJIHcikoay, i.~.fpH.UHe~y. A:H.PycaHOBY 3a ueHHUe COB~Tl,I H 

nn6.noTBO~Hl,le .UHCKYCCHH. Mu Il~H3HaTeJibHU r.~.Hca~Bi, KOJIJieKTH

B_aM on nHP OHHH H cJiyJK6aM 3KcnnyaTaurrn ycKopHTeJIH Y-400 ,3a 

6oJibll!08 o6'beM pa60T I IlPOBe,neHHbJX ITPH C03,[(alll!H cneKTpoMeTpa H 

ero HCITbITaHHHX Ha ITYtJKe 1'HJ!(eJlbIX HOIIOB. 
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