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I • OBIUAR XAPAKTEP~CTIDtA PABOTbl. . ' ' ~ 

~T~~~~EQQT~-nn2~~2~~ McCJI8AOBaHHR ~arM8HTaUHH . RA8p 
I . " ,' 

peJIHTKBHCTCRHMH 'llaCT~aMH H H~aMH IIp8ACTaB~HDT dO~biDOA 

Hay~ ~Tepee A~H- noHHMaHHH npo~eccoB, 1 cBnsaHHHX c 

TIOB8A8HH8M flA8pH01t MaTepHH IIpH BHCOK¥X 3HeprHHX B030YlK,ZJ;8HHR. 

TaKH8 HCCJI8AOBaHHH IIpOBOAHTCH KaR .ztJIR RA8p-CHapHAOB, TaR H 

RA8p-Mmn8H81t. 

.SKcnepHMeHTa~HHe ncc~eAi>BaHHH no ~arMeHTaUHH .. HJiep 

MmiieHeA, npoBeAemme_ aMepHKaHCKHMH lf)HsHKaMH B Bep~ (CUIA) 

IIpH 3HeprHH 2. I . raB Ha H~OH' . YK83HB8DT Ha . B03MOJKHH8 
~ ' . ~ ' ~ \ 

'Hapym\iHHR H8KOTOpHX . OCHOBHHX ROHiJ.eiiUHA ®13HKH BHCOKHX 
. . . . . . I . . 

3H8pr~, T8RHX K8R IIp8A8JlbH8H· ~8rM8HT8I.UUI H .lf)aKTOpH3a~H B 

cJiy'tlae MYJibTH68pHOHHI:lX CHCT~M. B 3THX . HCCJI8.AOBaHHHX 

Ha6~A8JIOCb H3M8H8HH8 paCIIp8A8JI8HHH BHXOAa IIpOAY}(TOB 

~arM8HTaUHH H~8-MHID8HH C H3M8H8HH8M 3H8prnH H8JI8T8mmHX 
' • ' • _/" . I 

HAep-cHapnAoB·n sTaT a~RT 6uJI HHTepnpeTnpoBaH RaK ripiaHaR 

HapymeHHH IIp8ASJibH01t @arMeHTaUHH. Ha6~A8JIOCb T8IOIC8 pa3Jll{qH8 

~Taro .. ·. pacnjJ8A8.JI8HHH.. IIpH ·. . B38HMO.iJ:eACTBHH pe~HTHBHC~CRHX 
I IIpOTOHOB ·H RAep: CO CJIOJKHH.MH n.zq)aMH,. 'IIT9 0HJIO ~T8piip8THpOB8HO. 

K8R Hapym~HH8 lf)aRTOpH38UHH~ , O.zutaRO, 3TH ·HCC~8AOB8HHH 6H~ · 

rrpoB8A8HH IIpH SHeprHHX HH~e 06JI8CTH T8K.H83HB88M01t IIp8AeJibH01t 

.warMeHTa!Um. 

· 8HeprHH peJIRTKBHCTCKHX. n)l:ep, AOCTHrHYT8H Ha. CHHXpolf?asOTpOR8 

OJA.HTA, IIpHM8pHo B 2 pasa iipeBOCXOAHT 3H8prnn HASP ·B . BeBaJia~e 
" H B OTJIH'IIH8 OT TIOCJI8,lUI8ro OxB8THBae·T 06~aCTh . Tip8A8,RbH01t 

warM8HT8UHH, TI09TOMY HCCJI8AOB8HHH ~ npo~ecca 4JparMeHT8IJ,HH 

TH~8JIHX RA8p-MHID8H81t H IIpOB8pKa, np~a lf)aKTOpHS8IJ,HH B 

~anasolie- aHeprHH 3-4 ·raB Ba. HYK~OH npeACTaB~HDT. cadott 

,aKTY8JI:bHYD npo6JI8MY ®iSHRH H~a. . • 

lli!~~_J!g~QT~~ HacTOS'Im8R AHCC8pTa~H TIOCBsnneHa · HCCJI8A0~8HHD 
warMeHTa~ TnxeJIHX RAep-MHmeHeA cepe6pa, TaHTaJia, soJioTa n 

CB~a TIOA A81tCTBH8M IIpOTOHOB H HA8p yr~epoAa C 9HeprHe1t 3.65 
raB Ha HYKJIOH, OIIpSA8JI8HHD ·cooTB8TCTBYIOOUn sapRAOBHX H · 

MaCCOBHX paCnpeA8JI8HHA OCT8TO'IIHHX HA8p H TipoB8pK8. BHTIOJIHH-

. MOCTH IIp~OB IIp8A8JI:bH01t .· tW8rM8HT8IJ,HH · H ~KTOpHS.aiJ,HH · B 

p8JIRTHBHCTqRHX B38HMOA81tCTBRHX. 

-:. ,• 

~> 



flQ~~li~-~-li~~~~~-Y~~QQ!~~~QQ~~ Ha ny~ax pe~HTHBHCTCKKX 
qaCTKU H H;l1,8p mm:xpoQ)a30TpOHa IIpOBOM,TCH SKCnepHMeHTH no 

: pe~HTHBHCTCKo:A: . H.I(epHo:tt ', t~Msm<e c noMom:t.ID TpeKOBHX n 

, 9~8KTpOHHHX M8TO;ll,OB. • 0,D;H8KO~ CYJn9CTBYIOOUi8 MBTO.nl:l, H8CMOTpH Ha 

HX )l;OCTOHHCTBa, HM8HIT H8KOTOpHe orpaJmqeEiJ:H IIO 9KCIIOSHI.J;H011HHM 
' .. 

H Bp8M811HHM sarpysKaM. , 
·. . , , ., ' ' . , I 

raMM8-CII8K'rpoCKO:n:H'I8CKH:A: M8TO;ll,, _ HCIIO~:b30BaHHH:tt HaMH · B 

HCC~8;ll,OB8lmHX · IIJparMeHTai.J;HH . ~,nep-:-MH1IIf;H8:A: 'pe~HTHBHCTCKHMH 

qaCTKU8MH H H.nPaMH, CB060;l1,8H 0~ STHX HB;ll,OCTaTKOB H _II03BO~H9T 
nsyqaT:t. ,neT aim BsaHMo.n;e:ttcTBHH · MeJK.n;Y c~olKBRMH . H,i(paMH npn 

pe~HTHBHCTCKHX __ 9HeprHHX 0 TaKHe K8K napi.J;H8~:bHH9 . C8'!8lmH 

MHoroKaHa~:t.iio:tt peaKI.J;HH. r~y6oKoro pacmerr~eHHH~ ·.ne~e!mH n 

MY~THIIJparMeHTai.J;HH THJKe.JmX H.n;ep B nrn:poKoM · .n;Hanaso:He Mace n 

sapH,noB o6pasyiDmHxCH HYK~OB. . . 
. . . / ' ... .. . 

'!ffi~~!~~2~~!LY~~Q2!~~ Ilo~'!eHHHe B .n;aHHo:tt. pa6oTe sKcnepn-

MeHTa~:t.HHe ,naHHHe MoryT 6HT:b n'cno~soBaHH · KaK ·- :n.~fl. · npo~epKH · 
' . . 

pa3JIH'!HOro. po,na MO;l1,8~:bHHX paC'!8TC>B (BHYTpHH)l;epHI:l:A:: KaCKa,n .. H 

fl)a:A:pcTpHK), T8K. H ,li.JJR·_IIpOB8pKH H8KOTOpHX, _ OCHOBHHX KO~eiii.J;H:tt 
. pe~HTHBHCTCKO:A: H;l1,8pHo:A: !PHS~ ' (llp8,11;8~bHaH IIJparMeHTai.J;HH H . ' ,· ' 

~8KTOpH38I.J;HH). , , 

A!mQQ~w.!~_I2~QQ!~; OcHOBHHe pesy~:t.TaTa .n;HccepTai.J;HH ,noK~a.nH:... 
BaJIHC:b H o6cYJK)I;aJIHC:b Ha Hay'!HHX ceMHHapax Jia6opaTOpHH BHCOKHX · 

SHeprH:A:, MOHrO~CKOro rocy,napCTB8HHOro · YHHBepCHT8Ta, (r. 

Y~aH6aTop, #1989)_,. liiHCTHTyTa H,nepHo:tt ~sHKH (r~ PJKel!C, 1990), a, 

T8KJK8 H8-MeJK.nyaapO)J;HHX COBemaHHHX IIO H.n;epHoit CII8KTpoCKOIIHH H 

CTPYKType aToMHoro H).q)a . (r ~- JleHHHrpa,n, 1987). ' • 

~Q.mlli~~~ 0CHOBH08 co,nepJKaHHe .liHcc'epTai.J;HH oey6JimtOB8HO B 

JKypHa~ax "Nucl.Phys.J~"· ,"H.z(epHaH. ~s~a",, "Nucl.Instr. and 
. Meth.," Czech.J .Phys." .H B BH,ZJ;e IIp8IIpHHTOB OliiHlii, a· T8KJK8 B, 

MaTepna.Tiax COBemaHH:A: IIO . H;l1,8pHO:A: .. · CII8KTpOCKOIIHH. 

QQ!!~~L~22!!Q!~~~ )lHccepTai.J;HH -cocToHT Hs BBe.n;eHHH, 

· 'leTapex r~aB, saKJIIO'!eHHH H ciiHc:Ka ncno~:t.soBaHHo:tt JmTepaTyp'Il. 
··. 

~~QQ~~~~~~~~!-~~-§~~~-2~~~~_]2~§~~~!~~~-= 
- 3KCII8pHM8HT8~:bHH8 )!;8HHH8 no IIJp8rM8HT8I.J;HH TH:IK8JmX . H,I(ep. Ag~ 
Ta, AU·l'I Pb IIpOTOHaMH.H H.npaMH yr~epo,na C 9Hepme:tt 3.65 rsB' 

Ha ~OH ~ KOTOpae 6HJIH IIO~'II8HH C HCIIO~b30B8HH8M M9TO)l;a 

2 

' 

'. . . ' l .. · ' . . 
raMMa CII8KTpOCKOIIHH IIpH H8IIOCpe,ncTB8HHOM y'!aCTHH 8BTOpa 

- MOHHTOpHpOBairne pi~HTHBHCTCKHx ny'!KOB IIpOTOHOB l'I . H.n;ep 

Yr~epo.n;ac noMom:t.ro peaKI.J;H:A: 27Al(p,X)
24Na n 

27.Al( 12c,x)2~a. 
M8TO;ll,OM H8B8A8HHO:A: 8KTHBHOCTH. . 

. ~ 06pa60TKY cneKTpOB raMMa-KB8HTOB HYK~OB ? 'TIOMOm:t.Hl 

aBTOM8TH'!8CKHX nporpaMM Ha, 3BM H IIpOIJ.8,11;ypll _ H,1J;8HTH~ai.J;HH 

HYKJIH.n;oB, o6pasyiDJnHXCH BHcc~e.n;yeMHX peaKI.J;HHX. 

-. Paspa6oTKy MeTo.n;HKH onpe.ne~eHHH HesaBHCHMHX H KYMY~HTHBHHX 

BbiXO)l;OB HYKJIH;ll,OB o6pasyiOmHXCH B pe~HTHBHCTCKHX . B38HM0,11;8itCT

BHHX c'yqeToM tieiro'!eK 6eTa-pacna.n;a. 
. . . , I 

- 'Onpe.n;e~eHHe sapH)l;OBHX H M8CCOBHX pacnpe.n;e~eHH:A: H~OB, 

,o_6pasyiOmHXCH IIpH l@arMeHTa~._THlK8JillX si.n;ep MHIII8H81t. 

- Pesy~bTaTH T8CTOBOrO SKCII8pHM8HTa IIO H3MepeHHIO BHXO;ll,OB 

OCKO~OB ,ne~eHHfL fl..n;ep ypaHa-235 ·Te'rr.nOBHMH He:A:TpOHaMH. 

..,. liiHTepnpeTai.J;HID . 9KCII8pHM8HTaiJ:bHHX · pesy~bT8TOB HCC~8,11;0BaHHH 
I . ' . ' 

B p8MK8X rHITOT83 IIp8,11;8~:bHO:lt IIJparM8HT8I.J;HH H ~8KTOpH38I.J;HH •. 

- CpaBII8HH8. pesy~:bT8TOB, IIO~'!eHHHX IIpH 9H8prlm 3.65 rsB H8 

HYK~OH, c BKc~epnMeHTa~bHHMH·~~~-no~yqeHHHMH npK .npyrnx 
, I 

9HeprHHX H,11;8p-CH8pH,11;0B •. 

\ 
QQ~~~~~-~Q£~~~~~ 

!2Q_:_~~~~~~- 060CHOBHB88TCH .. ' 8KTY8~bHOCT:b , HCC~8)l;OB8HHH. 
IIJparMeHTai.J;HH H,11;9p-Ml'Illi8H81t pe~HTHBHCTCKHMH HOH8MH, a TaKlKe 

. . ' . J 

C~PMYJIHPOB8HH OCHOBH8H 11.8~ H Kp8TK08 co.n;eplKaHHe H8CTORm8:A: 

.. .n;HCC8pT8I.J;HH. . . '· 
' < . I \ , ' ' 

!2_~g~~Q~--r~~~2 l'I3~0JK8~ tlM3H'!8CKH8 H M8TO.n;H"<I8CKH8 

o60CHOB8HRH IIpHM8H8HHH a.n;epHo-cneKTPOCROIIHli8CKHX M8TO)l;OB B 

HCC~8,11;0B8HHHX H,I(pO-H,11;8pHHX B38HM0,11;8itGTBHit IIpR pe~HTHBHCTCKHX. · 
.sHepr~HX-

IlpHBe.n;eH ipaTKH:A: o6sop ony6JIHKoBaHHHx pa6oT ' no .n;aHHott 

npo6~eMe, r,ne o6cyJK,n;aiDTCH Bonpoca,;QBH38HHH8~C OTJllliliHT8~:bHO:tt 
OC068HHOCTbHl npou.ecca ~arM8HT8l.J;HH H,n;ep CHapH,n;OB K, MHm8H8~
KpoMe Taro, paccMoTpeHH oc:Ho-BHHe pesy~:t.TaTa sKcnepHMeHTa

~HHX l'ICC~8,11;0B~ 'no IIJparM8HT8l.J;HH H,n;ep-MHmeHe:A:; .· BHIIOJIH8HHHX 

aMepm<aHcKHMM yqeHHMH B BepKJIH npH pe~HTHBHCTCKHX sHeprHHX 

HIDK8 o6~aCTH IIp8,11;8~:bHO:A: ~arM8HT8I.J;HH~ a HM8HHO 2.1 ~rsB H8 

HYK~OH~ 
3 



naHH ~3~8CKH8 060CHOB8HHH 3KCIT8pRM8HT8~bHOrO MCC~8~0-
B8HHH WParMeHTaUKH H~ep-~eHe~ ny~aMH"pe~HTHBHCT~KHx qacTHU 

H M8P H8 cmtxpcxf)a30TPoH8 OWIM IIpH 3HeprnHX., OXB8TbiB~ll00zy!X 
I ,-

06R80Tb npe~e~bHO~ WParMeHTa~. . . 

oocyJK.I(aiOTCH ~ocTo~cTBa nHe~ocTaTKH_TpeKosnzx n'_ aReKTpOH

HbiX M8TO~OB IIpli IIpRM8H9HHH liX B HCC~9,Il;OB8HHHX. peRHTHBHCTCKHX 

B3aHMo~e~CTB~. PaccMOTpeHH :Bonp~cu M8T0,1l;H'lecKoro cir:Joc~IOBaHHH . ; 

IIpHM8H8HHH raMMa~CTI8KTpOM9~9CKOrO M8T0~8 B HCC~8~0B8HHHX 

WParMeH~a~ aiep-MHIDeHe~ npn P,SRRTnBHCTCKHX aHeprnai. . -~ 

~Q __ ~!Q2Q~--~~~~2 _OTIHCaHH M8TOAHK8. OIIp8~8R8HHH BbiXO~OB 

~ HYK~OB, or:Jpasy~cfi B p~RHTHBncTcKHX · B3aHMo~e~cTBHHX · c 

TIOMO~biO raMM8-CIT8KTpOM9TpmecKoro ' M8TO~a . li pesy~bTaTbi 

. T8CTOBOrO 3KCTI8pHM8HTa. , 

B SKCTI8pnM8HT8X 6Ii!RH HCTIORb30B8HH . MmlleHH, rrpnroT~:)B~9HHI:il8 

B B~8 TOHKHX II;onbr li3 cepe6pa, . TaHT8J!a, .- 30ROT8 . H CBHHU8 

BHCOKO~ qHCTOTH {He Memee 99.999%). 06JrY'1!8HH8 MIDn8H8~ IIpOBO:

~-!!OCb . Ha BHB8~8HHOM ny~e penHTHBHCTCTKHX . IIpOTOHOB .. li H~ep 
yr~epo~a.c aHeprne~ 3.65 raB Ha -~oH Ha. cHHXpo~asoTpolie 

" ' ' \ ' ' > 

OWllii. · BpeMH oO~y'l!eHHH MnureHe~ coc'rasnaJio . HeCKORbKO · 'qacos 
' • • ~ ,, ' I 

B 38BHCHMOCTH OT . HHT8HCHBHOCTH penHTHBRCTCKHX . ITy~OB ' H 

H3r:JpaHHO~ TIOCT8HOBKH 3KCTI8pHM8HTa. 

M3M9p8HH8 . 8KTHBHOCTH, . HaBe~eHHO~ · B o6nyqelim1.x.. MHID8HHX., 

naBcaHosux n MOHHToj:mnx aniDM.mmesirx II;onhrax, npoBo~ocb· i c. 

TIOMO~biO CTI8KTJJOM~Tpa C Ge(L1)-~8T8KTopqM H rrepCOHBRbHO~ 8BM. 

Or:J'beM ~9T8KTOpa 45·cM3 , 3HepreTW,IeCKOe~paspemeHHe COCT8BRH9T 

2.8 RaB ~~H raM'Ma-~ c aHeprne~ 1332.5: RaB {Co-60). 

·, MOHHTOplipOB8HH8 ny-irn:oB pe~HTHBHCTCKHX TipOTOHOB H H~ep 
yrReP,o~a !IPOH3Bo~ocb c ncrro~b3~BaHHeM peaK~ 27 Al{p,X)2~a 
n 21 Al(12c,x)2~a. EhtJ!H · orrpe.zteJiemr rroJIHHe ce'l!eHHH am 

. peaKu:ffit rrpn 3Heprnn 3.65 raB H'a · Hy'KROH. 3H8'1!8HHH TIOJIHHX 

08'1!8~ ,II;JrH y'K838HHHX peaKIU'tlt ,{8.3±0~7) M6H H {I9.7:ti.5)' M6H 

cpaBHHB8IOTCH co 3Ha'l!eHHHMH ,' . H3MepeHFJID.m rrpn . pas~ 
3Heprnax ·peJIHTHBHCTCKHX rrPoTOHqB, n M8P yr~epo~a • Ha pnc. I 

TIOK838H, . XO,IJ; 3He~r9Tm8CKHX · 38BHCHMOCT8~ 1 
TIOJIHHX 08'1!8~ 

peaKIJ,ltlt 27 Al (p,X) ~a n 27 Al (12C,X)2~a. 06pa6oTKa· ' CTI9KTpOB 

. raMM8-KB8HTOB, . \ ~OB, . o6p83YJ00tHXCH · . B p8RHTHBHCTCKHX 
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B3~lHMO,IJ;8~CTBHHX, OCY~8CTMH~8Cb . ' 

C.TIOMO~hiO aBTOMaT~8CKHX rrpor-: 

paMM SAMP0-80 n ACTIV Ha 8BM 

PDP-II/70, EC-I06I ·n TI3BM 

"IIPABEU-16". ~eHTH@maUHH HYK
~OB ·, or:Jpa3YiomnXCH rrpn . · @ar

M8HT8UHH H~ep-MnmeHe~;, IIpOH3-· 
. . -

B0~~8Ch TI~ 3HeprHHM li .COOTHO-

• ill8ffiiHM . HHT8HCHBHOC.T8~ raMMa-

KBaHTOB, HCTIYCK88MHX .• IIpH HX 

pa~08KTHBHOM pacrra~e, a T8Km8 

· - rrepno~aM m::l~yp~wrr~~a HYK~os •. · 
B K8'1!8CTB8 rrpHMepa Ha pnc.2· 

rrpe~cTaB~eH WParMeHT crreKTpos 

raMMa.;..KB8HTOB · HYKJrn.nos, or:Jpa

~YIDmHXCH. IIpll · B38HM0~8~CTBHH· 
a~ep yr~epo~a .: c H.lij)aMM TaH-:

Ta~a rrpn _aHeprnn .3 ~ 65 raB 

Ha HYK~OH [I ] . 
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Pnc:2 IDparMeHT CIT8KTp'a raMM8-KB8HTOB HYKJrn.ltbB, 

or:Jpasyromnxca npn BsaHMo~e~cTBHH a.ztep yr~~po.zta 
C H.lij)aMH T8HTa~a npn 3Heprnn 3.65 raB 

Ha Hy'KROH. 

/ 
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BWW,lJ;bl OCT8TOl!HHX. ·. H.l(ep, o6pasyiOOJ,HXCH B peJIHTRBRCTC~ 

B38HMO,l(S~CTBRHX, ObiJIR OIIp9.l(eJiemr ITO CJI9.l(Y~e~ ip:>pMyJie : 
I 

. n n 
Nn(j) = Q.L: yi,pi L: ~·Fk(j) j = I,2 ••• ~ •••• ,m, . (I.) 

. i=I k='I . 

~-. . ' . 

~=TI ;p=1,1+1-{ •• _.,n, ~=I ,l(JIH . n=I. 
pj.!k ~-~. f 

I 

. . - . . . , . , . -I - . . - , 
R Fkq> = [l-exp(-i\.kt1)1.expl-A.kt2 (~)1·A.k UI-exp[-A.kt3 (j)]}, 

~,l(e A.k- IIOCTOHHHaH pacrra,l(a K-ro .HYKJIR.l(a ; Y1- H938BRC~ 
BbiXO,l( 1-ro HYKJIR,l(8 _ ; t 1 , t 2 , t3-:-BpBM~Ha·:oO"i!y'l9HRH, OXJiaJK,l(9HRH· 

. R R3MBp9HRH COOTB9TCTB9HHO, Nn - -'IRCJIO saperRCTpnpoBaHHHX 

1 pacrra,l(oB 1:.-ro HYKJIR.lia, · KoTopoe ,B HameM. ·cJiy'lae BbipaJKaeTcH' 
" ' . ' ~ ' . - . . - \ ' \ 

'lepes SlafK ; s - rrJioma.l(h !IJoToiiRKa raMMa-JIRHRR, f, K, a -

COOTB9TCTBY~9 3H8'l~HRH KB8HTOBOro BbiXO,l(a, · K09@)lnl,R8HT8 

C8MOIIOrJiome:HiiH R 9itXP3KTRBHOCTR' -perRCTpa~ ; C ~ .. !lJaKTOp 

HOpMMpOBKR ; n -,l(.mrna, R3008pHO~ l1,8IIO'IKR.; ID - 'IRCJIO IIOCJI8,l(O-
• \ • • \ • • 0 

BaTeJibHbiX R3Mepemnt m ·> n · ;. pi - KO&@}Hll,R9HT B9TBJI9HRH 1 ..:.. ro 
HYKJIR,l(8 B 1+1 • . 

B cJiy'lae ,l(Byx HyKJIR,l(OB • 

A. ' ·, B .CT80RJlbHbi~ R~OTOII. ~2.) 

ip)pMyJia (1). npRHRMaeT ripocTo~ ,BR.l( 

NB (j) I F8 (j.) =-!a+ YBF~(j) I Fa.(j) (j = I,2, •• ,m) . (3.) 

B KoTopoM Fa i FB rrpe.l(cTaBJIHIDT cooo~ !lJYHKlJ,RR, R3MeHHromH8CH OT 

'H3M8p8HRH K R3M9p8HR!O B 3aBRC~OCTR OT t 2 H t 3 • TaKRM 

00p830M~ OIIp8,l(8Jl8HR8 BbiXO~OB Y8 R YB CBO,l(RTCH K pemeHRID 
CRCT8M ypaBH8~ . (3). llo.nfmrn:a 8KCIIep'HM8HT8JlbHbiX ,l(8HHbiX 
IIpOR3BO,l(RJlaCb M8TO,l(OM Ha'HM8Hbnmx. KB8.l(pBTOB (M;.H.K.). - , 

BbiXO,l(bl HYKJI'H,l(OB Bbi'l'HCJIHJIRCb,Ha 3BM c' IIOMOmbiD CII8UR8JlbHO 

6 

l 
j 

l 

I· 

i 

' 

~> '. 

' .·, 

Tao.mm.a. I. 3Ha'l8HRH C9'l9HRH oopasosam'IH HYKJIH,l(OB 

np'H ~arMeHTaUHH H.l(ep TaHTaJia ~aM'H y~Jiepo~a 
C 9Heprne~3.65 raB Ha HYKJIOH • 

, ... _,----= 

I ~HIT Ce'leime TRII Ce'leime 
., 

1:IyK.Jm,l( BbiXO,l(8 [MOH1 -HyKJlR,l( BbiXO.l(a [MOH] 

Na-24 K 36.4±3.3 Ce-132 K 6.0±1.9 
Mg-28 K 12.1±0.9 Ce-133 K· 19.9±2.8 
Sc-46 H 13.?±2.9 Ce-135 K 12~3±1.6 
Sc-48. H 3.4±0.f/ Pr-138m H 3.1±1.8 
' Mn-q2 K :,I .8±0.4 Ba-140 K 13.8±2.? 

Fe:-59 K 2.?±0.r/. Eu-145 . K 19.3±2.? 

Zn-65 K 10.5±1.4 Eu-'-146 K 21.0±2.8 

As-71. .K 6.8±0.7 Eu-147. K 29.?±3.8 

Ga-72 K 6.8±1.2, Gd-147 K' 25.7±3.1 
'· 

'Ga-73 K . 4.0±1.1 Eu:.-148 . H. 2.3±0.4 

As-74 H ?.3±0.9 Gd-149 K 29.9±4.'0 

.se-75 K 7 .r/±1.8 Eu-150 H ?.5±2.0 

Rb-81 K .7.9±0.8 Tb-151 K r 17.3±6.9 

Hb..:.82m H ~ 6.0~1.5 Dy-153 .K 15.0±4.8. 

Rb-84 H 12.1±0.5 Er-160 K 14.9±2.6 
y..:..86 K 8.2±1.4 Er-161 K I 24.8±9.0 

Zr:-86 K . 1.9±0;4 Yb-166 -K 47.0±9.8 

Y-87m K II.6±1.9. .Yb-169 K· .10.3±1.5 
' 43~2±9.4 ' Nb-89. K 5.2±0.7 Hf-170 · .. K 

Nb-90 K 6.4±1~1 Lu:...I71 K 31.7±3.3 

'- Tc..:..93 K· .·. 2.1±0.4 ·Hf-173 K 36.1±4.9 

Tc-94 '.H' .. '2.6±0.6 Ta...:174 K 23.8±3.2 

Rh-100. K, 13.0±2.6 Hf-175 K 43.6±4.9 

Ag:-104 K 5.0±1.4' Ta-175 ·K . 23~8±3.2 

Sb.:..II8m K 1 3.6±!.2 · Ta-I78m H 12.0±3.5 

Sb-126 H 6.9±1.8 Ta-182 K 3.9±0.7 
Sb-127 . ,-" K 11.2±2.1 Re-182 K 24.1±8.2 
La-132 ·, K 19.4±1.2 1r-184. K 8.4±4.1 
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cos,namm:l.t ,1l;JIH 9TO:I.t U8Jm nporpaMM!.z "YIELD''. B Tae5JI. I npHB8,1l;8Hbl 

3H8'tl8Hl'IH C8'tl8Im:f.t oe5pa30B8Hl'IH HYRJll'I)J;OB TipH . t.PparM8HT81J,lm H.npa . 

MHID8Hl'I T8HT8JI8 H~aMH yrJiepo,na C 9H8prHe:l.t 3.65 rsB Ha HyRJIOH. . 
... ' . - . ' - . -

3RCII8JlHM8HT8JibHbl8 ,naHHRe llp8,1l;CT8BJIHIOT 'H838BHCHMR8 · (H) · . H. 

RYMYJIHTnmme (K) BHXO.nH HyRJIR,noB. IIpne,neHHRe onrne5Ru sHa'leim:l.t 
\ ' 

C8'tl8HHH rrpe,ncTaB~HIOT· coe5o:l.t CTaH,napTHRe< CT8THCTH'l8CRU8 
. ' ., -.,..-

OTRJIOH8Hl'IH. 

MeTo.n;H:Ka onpe,neJieimH BHXo,noB , HyRJll'I)J;OB · C5HJia npoBepe~a · B 
. - . . •'- I ~ -

. T~CTOBOM 3RCII8JlHM8H1~ IIO U3M8Jl8~BHX0,1l;OB_ OCROJIROB ,1l;8JI8ImH 

H,nep ypaHa-235 T8I;IJIOBHMH He:l.tTpoHaMH. . B. 9TOM- 9RCII9pHM8HT8 

HCII0Jlb30B8JI8Cb, Mmll8Hb ypaHa-235 C ; M8CCO:I.t I Mr U . 'tll'ICTOTO:I.t 

99~ 999 %, ROTopaH OC5Jly'tl8JI8Cb Ha .BHBe,nemioM ', IIY'lR8 T8IIJIOBPIX · 

He:l.tTpOHOB c rroTOROM . 2.108 • n/cM2 • c-1 peaRTopa JABP-2 OWIM'. 

BpeMH OC5JIY'l8ImH MHlli8Im COCTaBJIHJIO 175 MHH. Ilpoue.nypa 

OC5pae50TRH 9KCII8JlHM8HT8JIHRX ,1l;8HHHX · ·Ka~ B · T8CTOBOM 
. I . . 
3KC?"8Jl~8HT8, TaR H B CJIY'l88 · HCCJI8,1l;OB8ImH · t.Pp8rM8HT81J,lm , BO. 

. B38HM0,1l;8:l.tCTBHHX C peJIHTHBHCTCRUMH HOH8MH C5HJI8 8H8JIOrH'IHO:I.t. 

101 ,-,.--,~--.----.-.--.--.-,--.--.,--T-,--,.--,--, 

l < ... 

~ •'>/-, 23SU+ n ' \ I I 
I ' t ~ \ 
o I 
' I 
: ·l 
I \ 
' I I I 

: I 
I 

'J 

I 
I 
l. 
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I ' 
' 1. ' ,,. 
o I 
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o I 
o I 
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~-· oo ro ro ~ m ~ ,M ~ 
MaccORM '4Mcno 

PHc.3 MaccoBoe pacrrpe.ne~eHUe ocROJIKOB ,neJie~H 

H,nep v-~35 T8IIJIOBHMH He:l.tTpOHaMH. I 

Bee 3H8'1!8ImH BHX0,1l;OB ,nJIH 28 OCROJIKOB ,1l;8Jl8Hl'IH B .n;H8II830H8 
, "' i , / • • · ' 1 

M8CCOBHX '1HC8JI OT 85 ,1l;O. 151, H3M8Jl8HEH8 B 9TOM 3RCII8JlHM8HT8,, 

B rrpe,neJiax cTaTHcTH'!ecRHX oum6oR xopomo corJiacyroTcH c''paHee 

I 

8 ·' 

. I 
I 
I . 

I . I . 

j· 

\ 
. ~ 

.\ 'l 

' '. 

\~ !, 

\ 1 

I 

\' 
orryC5JmKOB8HHblMH ,1l;8HH1IMH · )J.JIH ,1l;8JI8Hl'IH . U~235 . T8IIJIOBHMH 

· He:l.tTpoHaMH. · Ha puc.3 · rroKasaHo H3MepeHHoe .. B ,naHHOM 

9KCII8pUM8HT8 M8CCOB08 pacrrpe,neJI8Im8 OCROJIKOB ,1l;8JI8ImH H,1l;8p 

U-235. Pe3yJibT8TH T8CTOBOro 9KCII8JlHM9HT8 .. IIOK83HB8IOT 

npaBHJibHOCTb aJirOpHTMa rrporpaMMhi · "YI~'' lii rrpaBOM~JlHOCT:!:> ero . 

npUM9H8Hl'IH ,1l;JIH Ollp8,1l;8JI8ImH BHX0,1l;OB HyRJIH.n;OB, . o6pa3YIOOJ;HXCH B 

peJIHTHBHCTCKHX B3aRM0,1J;8:l.tCTBHff,K [2]~ 

~-~!£~!~~~--r~~~2 11p8,1l;CT8BJI8Hbl pesyJibT8TH HCCJI8,1l;OB8ImR 

3apH,1l;OBHX H . M8CCOBHX ,paCTip8,1l;8JI8Im:f.t • HYR.miJ:,1l;OB, 06pasyJOOJ;RXCH . 

TipH mparM8HT8UHH THm8JIHX R~ep MHm8H8:l.t~ 

C8'1!8HH8 oC5pa30BaimH HyRJll'l,1l;OB MomeT. ·6HTb arrrrpoRCHMHpoB8HO 

cJie,nyrome:l.t ~PMYJioa • · · · 

'· 
a(A)· £2'[02(,A)l-I/2 _ . ·[· - (Z- zp{A))2 ] z .exp . 

. .· , 202 (A) :. · . 
. . . ' . z . 

(4.) a(Z,'A) 

·' 

· . r.ne 6 (A >'-Hso6apH"tiecKoe ·-ce"tieime o6pasoEaimH 

Cz(A)-rrapaMeTp mHpHHH sapH,noEoro pacrrpe,neJieimH, 

HaH6oJiee · EepoHTHI:llt sapH.n ,nJIR .,naHHoro A. Be.nH'IHHa 
' . . 

HyRJIR,nOB, 

Z (A)
. ¥p(A)~ 

IIp8,1l;CT8BJIH8TCH B BH,n8 IIOJIHHOM8 : 

. m 
~(A)'= 2: ~·An 

:n_=I 
·I· 

(5.) 

_TIOCKOJibRY H3-38 pacrra,n~ ~OpOTKOlKHBYII\HX HYRJIH.n;OB 'I!HCJIO' 

p88JlbHO HaC5JII0~8eMlfX., HS06ap C ,naiiHHM. M8CCOBHM ~CJIOM A 

OR83RB88TCH H8B8JIHKO. To ,1J;JIH H8XOE,n8HHH rrapaM.eTpoB 38JlH,1l;OBOr9 

pacrrpe,neJieHHH RCIIOJibSOBaJIHcb 1 ,naHEHe HYRJIH.nOB c 6JiHsRHMR 

3H8'18Hl'IRMH M8CCOBOrO · 'lHCJia A B rrpe,nrrOJIOlK8ImHX, 'liTO B · Y3ROM ·· 

.n;H8TI8SOH8 M8CCOBHX_'lHC8JI IIapaMeTp mHpHHH Cz He 3~~HCHT OT~ A,. 
a H30C58pH'tl8CRH8 C8.'tl8Hl'IH RBJIHIOTCH qJymmHe:l.t, IIJI8BHO 38BHCRIII.81t 

oT MaccoBoro ~cJia A. •· · 

TaRHM o6pa30M,. SKCII8pUM8HT8JlbHR8 . ,1l;8HEH8 . ,nJIH . Ce~eHd: 

9 
·, 



o6p830B8HIDI HYJ(Jrn,nOB 6l1Jrn . ,pas6nrru Ha HfiCROJrhKC? , rpynn IIO 

M8GCOBHM 'IHCJiaM·, 'IT06l1 YCII8DIHO onpe,neJrnTb napaMeTpbi 38pH,nOBl1X 
pacnpe,neJiemfit HYKJIH.nOB. IIo,nroHRa' sTri ·,naHHblx Bl1IIOJiiniJiacb c 

IIOMO~biD nporpaMMH · ROLSM C HCIIOJib30B8HR8M po6aCTHott 

MHJrnMHsa~ [3l. B pe~yJibTaTe TaRott no,nroHKH 611Jrn oripe,neJieHl1 

- napaMeTpbl 38pH.D;OBOro pacnpe,neJI8HRH. 11CIIOJib3YH pe3yJibT8Tbl 
. ' .... 

STOtt IIO,nPOHKH, .6l1Jrn· IIOCTpD8Hl1 38pH,nOBl18' .· H MaCCOBl18 
pacnpe,neJieHHH HYR.Jrn,nOB,· o6pa3YmmHXCH- .B peJIHTHBHCTCKHX 

' H.l{pO-.I,l,nepHI1X B38HMO,nettCTBHHX'. , 
. . ' . ~ . . 
B K8'I8CTB8. np~mepa B T86JI.2 H 3, a TaRlK8. Ha pnc.4 , 

npe,ncTaBJieHl1 pesyJibTaTbl -TaK_ott MIDOO.msa~ ,nJIH onpe,neJieHRH 'J 
sapH,nOBblX pacnpe,neJiemfit .n nso6apH'IecKHX ceqemfit HYKJIH.nOB, . · 

·. o6pa3YI01Il,ill(CH IIpR !lJpar~8HT8UHH H,nep ·T~HTaJia IIpOTOH8MH H H.npa~ }~ 
yrJiepo.na c sHeprHett 3.'65 TsB Ha HYRJIOH. · 

Bo _ Bcex .' nsyie:mrnx_ peaKlJYIHX, sa~H,n~Bl1e pacnpe,neJieHHH 
HYRJIH.nOB C . ,nocTaTO'IHO , _Bl1COKOtt . TO'IHOCTbiD OIIHCblBaiOTCH 

\ ~ I 
. rayccoBb1MH pacnpe,neJieHHHMH. · 

Ta6~a 2~_IIapaMeTpbl sapH,noBHX pac~e.ne.JreH:Htt HYRJIR.no:B, 

odpasy~cH B peaKUHH p ~ 181Ta ppn sHeprHH 

I 
. 3•65 rsB Ha· HYRJIOH~· 

. - i .. 
\. 

rpyiiii~ ·~ MaccoBllit •., cz a b-

' ,n:H8II830'? · · · "" 
I. 24 :..:. •65 0.68 - 0._60 . 0.44 

2. - 71- 81 1.06 0.31 0.45. 

" 

3. 84- '90 . 0.62 . . -0.55 .. 0.48 .· 

·4. 93 - 105 ) 0.90 -2:29 0.46. 

5. - i 121 - 135 I.-25 3.42 .. 0.40 

6 •. 145"- 153 1.1Q 3.27 0.42 

7. - .. 155 - i7o / ·0.60 0.78 0.41 

- 8. . 171 - Y/5 · 0.90 -2.84 ' - 0.43 . 
.. 

10 

~} 

-4· 

• . 

Ta6~a ~. IIapaMeTPH sapH,nOBblX pac~e,neJiemnt HYR.Jrn.nOB, 
•. . o6pasymmHXcH·,B peaKUH:H 12c + · 18 Ta npn sHeprHH 

3.65.T3B Ha HYJ(JIOH. 

rpYIIIIa MaccoBllit Cz. a b 

,n:Haii830H , 

. 
I. 24 - 65 0~62 -1.12 0.48 .. 
2. .72- 81 I 1.12 1.24 0.43 

3.' 84 - 90 0~6:4 ·r.ro· 0.44. -
4~ 93 - 105 • 0.95 0.24 . ·0.44 

'• 125'- 135 
. -· 

9· 0.60 I. 50 0~42 

6. 145_- 153 1.20 \ 1.80' 0.42 

'7. ' 155 - 170 . 0.65 -5~82- 0.46 
8.' 171 _,- 184 1~20 -7.62 

' 
0.48 

tr ,: 

(H5H) 

_10 

10 -\ 

'I 

-1 0 1 ·1 0 1 -1 0 1 1 0 1 

Zp-Z 

PHc.4 3apH,nOBble ~acrrpe,neJieHHH HYR.Jrn.nOB, o6pasymm:HXCH 
. B peaKlJYIH I C + 181Ta rrpH 9Hep~HH 3.65 rsB . 

' . . \ 

H8 HYKJIOH. 

I 

'· ... 

•AHaJrn3 M8CCOBblX pacrrpe,neJiemfit HYKJIH,nOB 6blJI npoBe,neH 
. I • . 

C IIpHBJI8'I8HR9M IIOJIHOro' H860pa . 9RCIIepHMBHT8JibHl1X . ,na:mrnx, 

BRJI10'I8H sapH,nOBhle pa~rrpe,neJieHHH HYRJIH.nOB~ IIocTpoeHHe KpHBblX 

:n 



HaooapmecKHX. Bmto.n;oB 6H.no BbiiioJIHeHo rrocp_?.n;cTBOM cYMMHJldB~HHH · 

3KCII9p:HM9HT8.TibHbiX BbiXO)l;OB HYKJIH)J;OB C · O.n;HH8KOBbiMH · M8CCOBbiW'I 

'lffic.naMH. MaccoBHe pacrrpe.n;e.neHHsi HYKJIH,1J;OB rrpH @arMeHTarum 

.H)l;ep T8HTa.na ITO~· . .n;eitCTBH9~ IIpOTOHOB H . H.n;ep yr~epo.n;a J!PH 

3H9pr:HH 3.65 rsB H8 . HYK.TIOH IIOK83aHH H8 p:Hc.5. 0TM8THM, 

'liTO Ha6.mo.n;aeTCH cxo.n;cTBO MaccoBHX pacrrpe.n;e.neHH:tt E:yrum;n;c>B .n;.n"H' 

pa3.n:H'I!HHX MHill8Heit. 3TOT 3~KT.YJ<83biB89T Ha 06~ xapaKT8p 

Bosoym.n;eim.H: H.n;ep MKmeHe:tt •. · KpoMe· Toro, . Ha6.nro.n;aeTCH rro.n;oone 

pacrrpe.n;e.neHH:tt B c.nyqae Bsa:HMo.n;e:ttcTBHH. rrpo~oHoB H H.n;ep 

yr.nepo.n;a C O~Oit H TO:it me MKm8HbiD, qTO CBH)l;8T8~bCTBY8T 0· 

waxTopnaa~ ceqeHHH oopasoBaHHH HYK.TIH.n;OB~ 

1 t!l . I l•o·•"l ·. ·~ J_; I 
f vi ' (\i hi 

• 10' · .• f f!\fui . 
. / 

"' It . 1···'-1· 1 ~~~ if i'Jt :, ··. 
I .. iff ,!}tO .• .· I 

I I 
'· 

50 

·. P:Hc~5 MaccoBHe pacrrpe.n;e.neim.H HYKJIH,1J;OB, oopasyiOIIUUCH 

rrpH @arMeHTarum H.n;ep TaHTa.na H.n;paMH yr.nepo.n;a 

. H IIpoTOH8MH' C 3Heprne:tt 3. 65 rsB Ha HYK.TIOH. 

~~--~2~~~~Q~----r~~~2 o6cym.n;aiDTC.H 3KCII8p:HM8HT8.TibHH8 
peay.nbTaTli, rro.nyqeHHble 'B ncc.neioB'aH:H.HX·· @arMeHTa~ T.Hme.nmr. 

.H)l;8p-MHm8H8it H IIpOBO.n;HTC.H cpaBH8HH.H HX C .n;aHHbiMH, rro_nYqeHHbiW'I 

IIpH . .n;pyrn • 3HSprHHX H.n;ep-CHap.H)l;OB.' . 

AHa.n:H3 3KCII9p:HM8HTa.nb'H:Hx pesy.nbT8TOB Obl.n rrpoi3e.n;eH B u.e.n.H~ 
rrpo~epK:H BbiiiOJIHHMOGTH KOHueriu.mt . rrpe.n;e~bHO:tt · @arMeHTa~ .· H 

'!l>aKTOpH38~ •. CeqeH:He .· oc>pa30B8lm.H. HY~OB rrpH. wparMeHT8UHH 

.H)l;8p~MHm8H8it MOmeT ObiTb IIp8)l;CT8B.TI8HO B·BH.n;8 : , 

0 M C = 0 M ·1' C ·. • (6 • ) . . 
.12 

I 

r.n;e OM :-lllaKTOp Mmll8HH ,'. KOTOpblit 38BHCHT OT. .H)J;p8-MWII9HH, 3 

1'r, - waxTop . cHap.H.n;a, . KOTOpbl:tt saBRCHT 6T H.n;pa-cHapfi.n;a. 
.J_ , F ' • ' '•"-

MHbiMH • c.noBaW'!, rrpe.n;rro.naraeTc.H, qTo ceqeH:He oc>pasoBaHH.H 

HYK.n:H.n;cB ' irpn @arMeHTaJJ.RH H.n;ep~MHmeHe:tt . WSKTopRsyeTCH H 

OTHomeHHe ce'l!eHH.H :ovpasOBaHR.H HYKJIH,1l;OB rrpn · @arMeHT~JJ.RH 

T3HTa.na IIO)l; .n;eitCTBH8M .H)l;ep . yr.nepo.n;a H IIpOTOHOB IIpli 

SHeprRH 3.65 rsB H~ .HYK.TIOH. HM89T IIOCTO.HHH08 3HaqeHR8 )l;Jl.H 

IIpO)J;YKT3 .H)J;p8-MHill8HH T3HTa.na. 

'0 ( I2c t I8ITa) 

o(p·;I8ITa) 
= 

1'120 

1'p' 

I 

\ (7 .·) 

·; . 

Ha pnc.6 rrpe.n;cTElB.neHbl pesy.nbTaTH rrpoBepK:H waxTopHsarum .n;.nR 
ceqemm o6pasoBaHHH HYK.TIH.n;OB · rrpn !f]parMeHTaJJ.RR .H,nep-MHmeHe:tt 

TC}HTa.na. 3Ha'l!eHH.H o(12c + 181Ta)/o(p + 181Ta), o~e.n;e.neHHHe 
.n;.n.H 36 HYKJrn.2toB, ;.. H8XO)l;RTC.H B @8)l;e.nax· Oill:HOOK cpe~ero 

. ~Haqelrn.H <a (12c + 181Ta )/a (p .+ 181Ta)>' ='= ·2.32~0.56~ .· 

~~ 
~~ 
u a.4 
~-
"'"' 

3 j j 
f' 

' \ 

"' 

.l' tlflf 

0~---------7~~------~--~--~--~--------~ 
0 50 • . 100 150 200 

Maccoeoe ...cno HYKlltiiOB 

PHc.6 3aB:HCHMOCTb OTHOill8lm.H C8'1!8Hli:tt Oelp830B8~.H HYKJIH)J;OB. 

OT·~ M8CCOBOrO 'I!HC.na A IIpH 4JparM8HT8qKK R)l;8p T8HT8Jl8 

.H)J;p8MH yr.nepo.n;a H IIpOTOH8MH. 
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- I . . . -
H,D;eH'fl'I@mall;'Ul •· pa,n;HoaKTlffiHHX . R30TOIIOB,. .oupa3YIOUUiXCH . B 

• •J . < 

RCCJie,eyeMHX peaKIJ,RHX. _ _ . 

. 2. -- OIIpe,IJ;8JI8HH IIOJIHHe , C8'l8HRH- peaKIJ,Ril 2: Al (p,X)24Na R 

27Al(I2C,X)24Na rrpR ,::mepnm 3.65 raB Ha. HYKJIOH C.IIOMOilJ.blO 

M8TO,IJ;a aKTlffiaiJ,RR, KOTOpHe RCIIOJib30Ba.1lnCb IIpR' MOHRTOpRpOBaHRR 
peJIHTlffiRCTCKRX, IIY'IKOB. · • · · · - - . 

3. PaspauoTaHa -MeTO,n;HKa orrpe.n:eJ!eHRH -_ BHXO,IJ;OB · · HYK.Iln,IJ;OB, 

- oupa3yiO~CH IIpR .!lJparM8HTaiJ,RR. H,D;ep-~8H8it. Orrp8,1l;8JI8Hbl 
I ' . . ~· . ' 

3H8'l8HRH BbiXO,IJ;OB OCT8TO'IHHX H,1l;8p B ,n;Haii830H8· M8CCOBHX 'lRC8JI 

oT 24 .n:o A H.npa-ae:Hn B ·peaK~Hx R.n:ep Ag, _;Ta, Au n Pb 

IIpOTOH8MR R. H.npaMR yrJiepo,n:a C 3H8prne:£t 3. 65-raB Ha HYKJIOH. B 

'Ha!llRX RCCJie,IJ;OBalillHX He- H8uJI10,1l;8.1lnCb BblCOKR8 C8l!eHRH 

oupa30B8HRH HYK.1ln,1l;OB. 
4 •. 3KciiepRM8HT8JlbHaH M8TO.n;HK8 ,1l;JIH OIIp8,1l;8JI8HRH BblX0,1l;OB 

HYK.Iln.D:OB, rrpnMeHeriaH B nccJie,n:oBaHRR -iPp8I'MeHTaiJ,RR fi.n:ep-

MHmeHe:tt, rrpOB8p8H8 H8MR B T8CTOBOM 3RCIIepRM8HT8 ITO ,R3MepeHRIO - · 

BHxo,n:qB ocKoJIKOB ,IJ;eJieHRH H.n;ep ypaHa-235 TeiiJIOBHMR He:A:TpoHaMR -
. . ~ : " . 

Ha peaKTope MBP-2 OMHM. 

5. Orrpe.ZZ:eJieHI:i! sapH.n;oBHe n Mac coBble pacrrpe,n:eJieHRH HYKJllll.D:OB, 

oupa3YIOIIUDWH B peJIHTnBRCTC~ B3aiDiiO,IJ;8itC.TBR5iX, . a . T8KJKe 

rrapaMeTpH sapH,D;OBHX - pacrrp~,n:eJieHR:A:. IJpoBe,n:eH' _ aHaJlllls aTRX 

pacrrp8,1l;8JI8HRit HYKJIH,IJ;OB, Ha . OCHOBaHRR KOToporb OIIp.8,IJ;8JI8HH , 

R30uapR'leCKRe C8'leHRH OupasyiOID.RXCH , OCTairo'lHHX _·· H,D;ep, IIOJIHHe 

ceqeHRH R3Y'l88MI:lX peaKIJ,Ril R. cir,eJiaHbl"'' BbiBO,IJ;lil· · 0 M8X8HR3M8 
B38RM0,1l;8itCTBRH. -· . . • > - ' ; . 

' . 
6. 3KcrrepRM8HTaJibHble pesyJibT8TH oCicyJK,n:eHbl B paMKaX 

rrpoBepKR BI:riroJIHRMocTn rrp~,n:eJibHo:tt !lJparMeliTall,lm n ~ (paKTopnsall,lm, 

,1l;JIH ceqeHR:£t 'ciup830B8HRH Hy:KJm,IJ;OB_ IIpR . &Hepnrn: .. 3. 65 raB . H8 

HYKJIOH. "MaCCOBHe pacrrpe,D;8JI8HRH I HYKJllll,IJ;OB, oupasyiO~CH.' B 
· peaKIJ,RHX IIO.D: ,n:eitCTBR8M H,1l;8p- yrJiepo.na II IIpOTOHOB .. C O.n;H:Oit R TOP.:' 

JK8'Mmll8~bl0 CBR.zteT8JlbCTBYIOT,O H8Jllll'IRR (paKTOpR38lum (CKeit.IlnHra) -

ceqeHR:A: odpasoBaHRH HY~OB~ 
7. CpaBHeHRe HacTo~ pesyJibTaToB · c .npyrRMR - ,n:aHHHMR, 

IIOJIY'l8HHl:lMH . B .OcJJI8C'fl'I BHeprn:A: . cJOJibme I raB H8 HYKJIOH, 

YcJ8.n;HTeJibHO IIOATB8pJK)taeT' rrpe,D;eJibHYIO !lJparMeHTaiiniO ,1l;JIH ' ceqeHR:A: 

Oup830BaHRH HYK.11n.D:OB BO / ~3aRM?.zteitCTBRHX . peJIHTlffiRqTCKRX , 

IIpOTOHOB R H,n:ep yrJiepo.zta· C THJKe.JIHMK MRm9HHMR. 

• I 
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8. Hamn 8KCIIepRMeHT8JlbHI:i!e · )t8HHbl8 IIOJIY'l8Hmle )tJIH H,D;ep . 

CHapH.ztOB I 2c rrpR &Hepnm 3 •. 65_ raB Ha' , HYKJIOH, IIp8)tCT8BJIHIOT 

~OBYIO miiPOpMaiJ,RIO OcJ Oup830B8HRR OCT8TO'IHHX. ~ep . ;·. ,KOTOpyiO 

.MO~O RCIIOJib30B8Tb )tJIH cpaBH8HRH R T8CTRpOB8HHH pa3.1ln'IHHX 

MO)t8JlbFUL~ IIp8,D;CT8BJI8HRit, a T8RJK8 MOryT cJHTb RCIIOJib30B8Hbi IIpR 
, . .- , I. . · .. 

IIp08KTRp~B8HRR .R COOpyJK8HRR YCKOpRT8JlbHblX YCTaHOBOK H8 

BblCOKR8 R CB8pXBblCOKR8 &Heprlfi.i~ , , 

0CHOBHbl8 p83YJibT8TH .n;HCC8pTaiJ,RR OrrycJ.1lnKOB8HH B CJ18,1l;Y!OmHX 

pa6oTax : . . · 

. I. U~.IJ:aM.IJ;HHCyp&H, B • .IJ: • .IJ:bH'l8HKO;. A~.IJ:YKa-3o:A:oMR, H.ltlmMaH, 

TI.KosMa M B. TYM&H.It&f-1.6&paJI. JIIsMepeHRe rroJIHoro ·ceqeHRH- peaKJ.Um 
27 Al (I2C,X)24Na ·rrpM &HeprRR 3~65 raB Ha HYKJIOH~ Coo6m.eHRe, 

' . ' . ' ' 
OJIIHJII PI-87-932, .IJ:y6Ha, 1987, 4c.-

2. U • .IJ:aM.ztMHCyp&H, TI.KosMa, B.TYMBMBMcJ&paJI, P.XopoJDKaB ~ 

.n:. 'Iy.irTaM. 1 orrpe.n:eireHRB Bmo.n;oB HYKJIR.ItOB, o6pasyiO~cH Bo 

., · Bsa:v!Mo.n:e:ttcTBRR peJIHTRBRcTcKMX H,n:ep c H.npaMF!. _, Coo6meHRe OAAM 

PI-88:_135, .IJ:y6Ha, 198~, .. I8c. 
' . ' 

3. U • .IJ:aM,n:HHCypa~, _p.Ko3Ma R B.B.3JIOKa30B., .IlpRM8H8HR8 

po6aCTHO~ rro.n:ro:HK:H. ,IJ;JIH orr.Pe.n;eJieHRH nsouapR'!ecKRX ceqemfi\ 
, . I 

OCT8TO'lHI:ilX H,1l;8p B p8JIHTR~HCTCKRX B38HM0,21;8itCTBRHX. COOcJilJ.8HH8 

OJIIHM P.I -88-:-3 I 2 , . .IJ:y CiHa , I 988 , 9c •. ' 

. 4. P.Kozma ~d C.Damdinsuren. Nuclear reactions of me'dium 
. . . . . . ' 

• and heavy target nuclei with .high-energy - projectiles. 

· Fragme~tation of 197.im by 3.65 A.GeV 12c-ions and 3.6~ 'GeV 

protons.' czech.'J ~Pbys. ,_ 1990~ V'-40, No.1, p.38-47. ; Preprint 

JINR E1-88-245, Dubna,, ·19~8, '" 14p. 

5. C.Damdinsuren, V .M.Dyachenko, P •• Kozma and K.D.Tols~ov. 
·Moi:litoring system for relativistic particles and_ nuclei. 

Nucl.Instr. and Meth., 1990, A288, p.319-32~. ; PreprintJINR· 

E1-:-89-291, Dubna, ,1989, 15p. , _ . 

6. P.Kozrna, C.Damdinsuren, D.Cb.ultem and B.Tumendemberel. 

Nuclear reactions of tahtalum with 3.65 A.GeV C-ions' and 
' . . . . ' . ' l 

·3.65 GeV protons. Nucl.Pbys.A~, 1990, in print~ ; Preprint 

JINR E1 -89-252, Dubna, 1989, 22p. 

7. O.Damdinsuren. V .I.Iiyus~chenko, P.Kozrna and D~Chultem. 
Yield of radionuclides formed in the interaction of ,3.65 
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.A.GeV 1 2c-1ons··~d protons with natPb •. Communication JINR 
E1 -89-481 , Dii'bria, 1 989, 9p ~ 

8. ·U • .D;aM,Z!,HHCyp3H, B:M.J..i.momeHKO, ·IT.Ko3Ma, B.TYM3H.i1.3M03p3Jr H 

)l;. -qyizT3M. 06pa30BaHHe oc"TaT01ffibiX H~ep IIpH B33HMO~e1tCTBllli 
.n;e:LtTpOHOB? 3Hepr:ae1t 3.65 _A.rsBc H~aMH 94fu, I08Ag, 159Tb, 

19? " 20? . '? 8 Au H , Pb. HID. , I 990, T. 52, BUII ..... ( 8) , c. 330-33 • 
' ITperrpHHT OMHM PI~89~?5?, )l;yOHa, 1989, I8c. 
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18 

' 

' \. 

:r) 

' . 


