
OBbE)ll1HEHHhl0 11HCTl'.ITYT .51,[(EPHhIX 1'.ICCJIE,[(OBAHl'.10 

1-2009-5 

EAJIAEEKJIH 
AHaHT PaqmKOBHa 

Ha npasax pyKonHCH 

Y,[(K 539.17 

5:l~EPHhIE PEAKI(llll HA CPE~HETJl)l(EJlhlX 

PA3~EJIEHHhIX ll30TOITAX ll HA TJl)l(EJihIX· 

PA~llOAKTllBHhlX 5:l~PAX 

Crreu;Ha.JibHOCTb: 01.04.16-cpH3HKa aTOMHOro 51)].pa 
H 3JieMeHTapHbIX qaCTHU 

ABTOpecpepaT ,L(HCCepTal(HH Ha COHCKaHHe yqeeott CTeneHH 
,L(OKTOpa <p030KO-MaTeMarnqecKHX eayK 

)zy6Ha 2009 



Pa6oTa BbIIlOJIHeHa B Jia6opaTOpHH H)].epHbIX 

B.IT.,[vi<errenoBa O61,e)].HHeHHOro HHCTIIT)'Ta H)].epHbIX. 

npo6rreM HM. 

Hccrre.n.oBaHHH H 

rocy.n.apCTBeHHOfO Ha Kacpe.n.pe HJJ.epHOH cpH3HKH EpeBaHCKOro 

yttHBepcHTeTa. 

OcpHQHaJibHble onnoHeHTbl: .[{OICTOp !pil3HKO-MaTeMan1qecKHX Hayi<, 

rrpoq>eccop lJy6apHH 3.[{Bap.[{ 

BaprnHoBHq 

.[{OKTOP !pH3HKO-MaTeMarn:qecKHX HayK 

KOBaJIHK An:OH3 

.[{OKTOp !pH3HKO-MaTeMaTHqecKHX HayK 

,[(eMMIHOBa An:rra CepreeBHa 

Be.[{YW:ruI oprattmaQHH: Hayqtto-Hccrre.n.0BaTerr1,cKUu HHCTHTYT 

a.n.epttoii cpH3HKH HM. )];.B.CKo6errbQbIHa (HHIUl<I> MrY) 

3aw:HTa COCTOHTCH «_» _____ 2009 r. B « __ » qac, Ha 3ace.n.aHHH 

.n.HccepTaQHOHHoro coBeTa no 3aW:HTe .n.HcceprnQHH JJ: 720.001.03 npH 

Jia6opaTOpHH H.n.epttbIX npo6rreM OM.fil1 no a.n.pecy: PoccHH, 141980, 
MocKOBcKrui o6rracTb, r. ,lzy6Ha, yrr. )KorrHo-KiopH, .n.. 6, OM.fil1. 

C .n.HccepTaQHeii MO)KHO 03HaKOMHTbCH B HTE O61,e.n.HHeHttoro HHCTHryTa 

HJJ.epHbIX Hccrre.n.oBaHHH, 

ABTOpecpepaT pa30CJiaH " 

YqeHbitt ceKpeTapb 

)].HccepTaQHOHHOrO COBeTa 

,, ______ 2009 r. 

)].OKTOp cpH3HKO-MaTeMaTHqeCKHX HayK IO.A.EazycoB 

0:6~MI XAP AKTEPHCTIIKA P AEOTbl 

B HaCTOHw:eii )].HCcepTaQHH npe.n.cTaBJieHbl 3KCnepHMeHTaJibHble 

pe3yJibTaTbl B o6rraCTH H)].epHbIX peaKQHH Ha . pa3.n.erreHHblX H30TOnax 

OJIOBa (
112

•
118

•
120

•
124sn) no.n. .n.eiiCTBHeM npOTOHOB C 3HeprttHMH 0.66, 1.0, 

3.65 H 8.1 faB H no.n. .n.ettCTBHeM .n.eiiTpOHOB c 3Heprueu 3.65 faB/ttyKJIOH. 

IlpHBe)].eHbI TaK)Ke pe3yrr1,TaTbl HCcrre.n."oBaHHii MH BblXOJJ.OB peaKQHH no.n. 

.n.eiiCTBHeM Il,ROTOHOB C 3Heprueii 0.66 f3B Ha pa)].HOaKTHBHblX HJJ.pax 
1291, 

237
Np H 

2 1
Am. IlpoBe.n.eHo .n.eTarrbHOe cpaBHeHHe norryqeHHbIX 

pe3yJibTaTOB C COOTBeTCTBYIOW:HMH TeopeTHqecKHMH MO)].eJIHMH. 

AKT)'aJILHOCTL TCMLI: 

CorrracHO COBpeMeHHbIM npe.n.cTaBJieHHHM B3aHMO)].eHCTBHe 

BbICOK03HeprerHqHI,IX 3apH)KeHHblX qaCTHQ C aTOMHblMH H)].paMH 

OilHCbIBaeTCH )].ByxczynettqaTOH, KacKa)].HO-HcnapHTeJibHOU MO)].eJiblO. B 

nepBOH, 6blCTpoii CTa)].HH peaKQHH, HaJieTaIOW:ruI qacTHQa B3aHMO)].eiicTByH 

Ha CBOeM nyTH C orpaHHqeHHblM qHcrroM HyKJIOHOB H)].pa, BbIJieTaH H3 HJJ.pa 

yttoCHT c co6oii onpe.n.errettttoe qHcrro 61,1crp1,1x qacTHQ. Ha BTopoii 

CTa)].HH, OCTaBineecH nocrre KaCKa.n.a, B036Y*)].eHHOe HJJ.PO OTHOCUTeJibHO 

H30rpOilHO HcnycKaeT HyKJIOHbl (raMMa KBaHTbI) H npeBpaw:aeTCH B HJJ.po­

npO.[{YKT [l]. 3Ta MO)].eJib OilHCbIBaeT HJJ.epHbie peaKQHH B IIIHpOKOH 

o6rracTH Mace MHIIIeHeu, H.n.ep-npO.z:{YKTOB H 3HeprHii HarreTmow:Hx qacTHQ. 

B TO)Ke BpeMH, HeCMOTPH Ha MHoroqHCJieHHble 3KCnepHMeHTaJibHble 

cpaKTbl, HaKonrreHHbie 3a MHOrorreTHIOIO HCTopmo B cpH3HKe HJJ.epHblX 

peaKQHH, HeKOTOpbie H3 Ba)l(HblX npo6rreM, TaKHX KaK MeXaHH3M a.n.poH- H 

H)].pO-HJJ.epHbIX B3aHMO)].eHCTBHH npH BblCOKHX 3HeprHHX, IlOHCK HOBOro 

ocrpoBa CTa6HJibHOCTH CBepXTH)KeJiblX 3JieMeHTOB, CBOHCTBa 

3K30THqecKHX 51)].ep H T.)].. Bee ew:e O)KH)].aIOT CBOero perneHHH. O.n.Ha H3 

HHX CBH3aHa C BblHCHeHHeM MexaHH3Ma o6pa3oBaHHH rrerKHX H.n.ep­

npo.n.yKTOB (MexaHH3M MYJibTHcpparMeHTaQHH). 

.51.nepHruI cpparMeHTaQHH 61,ma OTKpbITa 70 JieT Ha3a)]. npH 

myqeHHH KOCMHqecKHX rryqeii, KaK HeO)KU)].aHHblU cpeHOMeH 

conpOBO)K)].aIOW:HH coy.n.apettHe perrHTHBHCTCKHX npoTOHOB C MHIIIeHHMH. 

Otta BblHBHJiaCb B BH)].e HcnycKaHHH Me.n.neHHblX cpparMeHTOB, Macca 

K0Top1,1x 6Mrra TH)Kerree qeM Macca a-qacTHQ, HO nerqe qeM Macca 

cpparMeHTOB .n.erreHHH [2]. B HaCTOHW:ee BpeMH HX Ha3bIBaIOT 

<I>parMeHTaMH IlpoMe*YTOqHoii Macc1,1 (<I>IlM 7::;zgo). B .n.arr1,HeiirneM, 



51}].epHa51 cpparMeHTau1-rn 6bma 06Hapy)KeHa B 3KcnepttMeHTax Ha 

ycKopttTeJrnX. CttryaUtt51 CHJlbHO H3MeHHJiaCb B 1982 ro}].y, KOf}],a Ha 

ycKopttTeJie B EepKJitt .51Ko6coHOM " AP- BO B3attMO}],eHCTBH51X 
12

C (250 
M3B/ttyKJIOH) C 51}].paMtt <pOT03MYJibCHH 6bIJIO OTKpbITO MHO)KeCTBeHHOe 

po)K}],eHtte <l>ITM (51,lJ,epHM MYJibTHcpparMeHTaUH51) [3]. 3To 

CTMMYJittpOBaJIO no51BJieHtte MHOfMX TeopeTHqecKttX MO}],eJieii:, B KOTOpbIX 

o6pa30BaHtte JierKMX 51}].ep-npO,lJ,yKTOB 061>51CH51Jl0Cb <pa30BblM nepeXO}],OM 
11)Ktt}],KOCTb-fa3", KOTOpbIH npottCXO}],MJI nptt 60JibllIOH TeMneparype 

rop51qero 51}].pa, o6pa3ytalllett:c51 nptt o6nyqeHtttt 51}].pa-MttIIIeHtt 

BbICOK03HepreTttqHOH qacTttQeH [ 4,5]. rop51qne 51}].pa o6pa3ytOTC51 nptt 

CTOJIKHOBeHHM BblCOK03HeprHqHbIX T51)KeJiblX MOHOB C 51}].paMM. 

HarpeBaHHe 51}].pa conpOBO)K}],aeTC51 C)KaTHeM, CMJlbHbIM BpameHtteM H 

MCKa)KeHHeM cpopMbl, qTo B CBOIO oqepe}].b BJltt51eT Ha pacna}], caMoro 

BbICOKOB036y)K}].eHHOfO 51}],pa. B TaKMX cnyqa51x fOBOp51T 0 

«}],ttHaMnqecKOH» MYJibTttcpparMeHTaUHM. KapTttHa CTaHOBMTC51 6onee 

51CHOH KOr}],a B KaqecTBe 6oM6ap}].ttpyIOIIlttX qaCTMU HCnOJib3YIOTC51 Jierntte 

peJI51TMBMCTCKtte CHap51}].bl (npoTOHbl, }],eHTpOHbI, a-qacTttUbI). B 

pe3yJibTaTe 3HeprH51 B036y)K}].eHml 51}],pa noqTH ueJIHKOM TenJIOBa51 " 

MO)KHO npttMeHMTb TepMO}],ttHaMnqecKtte nO}],XO}],bl }],JIH onttcaHMH 

H}].epHoro cpa30BOfO nepeXO}],a (()Ktt}],KOCTb-fa3)) ( «TenJioBa51 

MYJibTttcpparMeHTaUttH» ). 

B HacTOHIIlee BpeM51 HaKonJieH 6oraThIH 3KcnepttMeHTaJibHbIH 

MaTepttan B ttccJie}].oBaHtttt H}].epHoii MYJibTttcpparMeHTaunn. HecMOTPH Ha 

3TO Bee , eme OCTaeTCH OTKpbITbIM BOnpoc: MO)KHO JIM MexaHtt3M 

MYJibTttcpparMeHTaUtttt npttMeHttTb TOJlbKO }],JIH <l>ITM (7:SZ:S20) MJIM 6onee 

T51)KeJibie OCTaToqHbie H}].pa TO)Ke MOryT o6pa30BaTbC51 KaK OCTaToqHbie 

naprnepbl <l>ITM B 51}].epHOH MYJibTttcpparMeHTaUMM. 

,n:pyroe Ba)KHOe HanpaBJieHtte B o6JiaCTH 51}].epHbIX peaKUMH 

MCCJie}],yeMoe B HaCTOHIIleH }],MCCepTaUMM 3TO TpaHCMYTaUM51 npOAYKTOB 

,l],eJieHM51 M TPaHcypaHOBbIX 3JleMeHTOB, MHTepec K KOTOpbIM CMJlbHO 

B03pOC B nocJie}],Hee }],eCHTttJieTtte B CBH3H C npo6JieMOH YTMJIM3aQtttt 

H}],epHbIX OTXO}],OB nptt pa6oTe aTOMHblX 3JleKTpOCTaHUHH. C}].eJiaHHbie 

pa3JIHqHbIMH rpynnaMH oueHKH noKa3bIBaIOT, qTo nptt TpaHCMYTaUttH scex 

TpattcypaHOBbIX 3JieMeHTOB (TY3) pa}],ttaUttOHHbIH pttCK, o6ycJIOBJieHHbIH 

HX YTeqKOH H3 rny6ttHHOro MOfMJlbHttKa, cpaBHHBaeTCH C ecTeCTBeHHOH 

pa}].ttOaKTHBHOCTbIO ypattosoii PYAbI He qepe3 5• I 06 
JieT, KaK B cnyqae 

Henepepa6oTaHHbIX OTXOAOB, a npttMepHo qepe3 I 03 
JieT. Ho nptt 3TOM 

yBennqnBaeTcH 06pameHtte c TY3 Ha Bcex 3Tanax TOnJittBHoro UttKJia [6]. 

2 

OueHKtt paAttauttoHHoii: onacHOCTtt OTPa6oTaBIIIero 51}].epHoro 

TOilJlttBa (051T) nOKa3blBaIOT, qro nocne Bbl}],eJieHtt51 aKTttHOH}],OB ypaH-­

nJIYTOHtteBoro pMa tt npO,lJ,yKTOB }].eJieHttH Tttna 
90Sr tt 

137
Cs, rnaBHbIM 

ttcToqHttKOM B03}].eii:cTBtt51 Ha HaceneHtte ocTaIOTC51 
241Am " 237

Np. ITptt 

3TOM cpe}].tt aKTMHOM}],OB Hatt60JibllIMH BKJia}], B PaAMOaKTttBHOCTb ,l],aeT 
241Am. OnacHOCTb OT 

237
Np 3aKJIIOqaeTCH so nepBbIX B TOM, qro, no Macce 

3TOT 3JieMeHT npeo6Jia,l],aeT B O51T, a BO BTOpblX y 
237

Np noBblllleHHa51 

MttrpauttoHHaH cnoco6HOCTb B 6ttoccpepe, no cpaBHeHMIO c APYrttMM 

aKTttHOM}],aMH, qro npttBO}],MT K 6oJibllIOH BepOHTHOCTM nona}],aHMH ero B 

opraHmM qenoBeKa no nttmeBbIM uenoqKaM. CpeAtt npoAyKToB }].eJieHHH 

O51T 
1291 TO)Ke o6na}],aeT noBbIIIIeHHOH MttrpauttoHHoii: cnoco6HocTbIO. 

HecOMHeHHO, 3KcnepHMeHTaJibHO nonyqeHHbie nonepeqHbie 

ceqeHtt51 o6fa30BaHHH 51}].ep npO,lJ,yKTOB B pa}].ttOaKTMBHblX MHIIIeHHX 
1291, 

241Am " 2 7
Np ttMeIOT ·Ba)KHOe 3HaqeHtte }].Jrn npoeKTOB C)KttraHtt51 

TPaHcypaHOBblX OTXO}],OB Ha npHMOM npOTOHHOM nyqKe. 

Il;eJib H 38}],8'1H pa60Tbl cpopMyJIHpytOTCH CJie}].ylOIIlHM o6pa30M: 

I. MccJie}],oBaHtte ceqeHHH o6pa3oBaHH51 tt KttHeMaTnqecKMX 

xapaKTepHCTHK OCTaToqHblX 51}],ep B peaKUM51X npOTOHOB M }],eHTPOHOB C 

pa3}].eJieHHbIMtt moTonaMtt OJIOBa c ueJibIO onpe}].eJieHtt51 MexaHmMa 

o6pa30BaHMH npOAYKTOB B MaCCOBOH o6JiaCTM ( 40:SA:S80). 
2. MccJieAOBaHHe ceqeHttH o6pa3oBaHttH BblXO}],OB OCTaToqHblX 51,llep B 

peaKUM51X npoTOHOB C pa}],HOaKTHBHbIMH H}].paMH C ueJibIO CHCTeMaTmauttH 

H nJiaHttpoBaHtt51 TPaHCMYTaUHH pa}],ttOaKTttBHbIX OTXO}],OB. 

3. Pa3BHTHe COBpeMeHHbIX cneKrpOCKonnqecKHX MeTO}],HK AJIH peIIIeHttH 

nocTaBJieHHbIX 3a,llaq, aBTOMaTmautttt 3KCnepttMeHTa H o6pa60TKH 

,llaHHbIX. 

HayqnaH uoou1ua: 
y COBepIIIeHCTBOBaHa " aBTOMaTM3HpoBaHa MeTO}],HKa 

tt}],eHTtt<pttKaUttH H onpe,lleJieHtt51 ceqeHttH o6pa30BaHH51 KOpOTKO)KMBYIIlMX 

J3-Hecrn6HJibHbIX npO,lJ,yKTOB 51,llepHblX peaKUMH MeTO}],OM HaBe}],eHHOH 

aKTHBHOCTH. 

Pa3pa6ornHa MeTOAttKa pacqeTa omttMaJibHbIX napaMeTPOB 

3KCnepttMeHTa no myqeHttlO H}].ep-npO,lJ,yKTOB HaXO}].HlllMXC51 B CJIO)KHblX 

uenoqKax pacna}],a. 

3KcnepttMeHTaJibHO onpeAeJieHbI ceqeHH51 o6pa3oBaHtt51 HAep­

npo,lJ,yKTOB B IIIttpoKoii: MaccoBoii o6nacTH 7 ~ A ~ A1 H3 o6orameHHbIX 

3 



tt30Tonos onosa (
112

Sn, 
118

Sn, 
120

Sn, 
124

Sn) noJJ, JJ,eiicTBtteM npoTOHHhIX 

II)"IKOB C 3Heprtt.HMH 0.6. 1.0, 3.65, 8.1 f3B " JJ,ettTPOHOro ny11Ka C 

3Heprnii 3,65f3B/HyKJioH. I-fa uccneJJ,oBaHuii cne.zzyeT, 'ITO nernue 

npoJJ,yKThl o6pa3)'IOTC.l1 s npou,ecce MYJibTH<pparMeHTaU,HH, KOTOpa.H 

npeJJ,nonaraeT <pa30Bhltt nepeXO)], (()KH)],KOCTh-ryMaH>> npottCXOMIUHH B 

ropH1IeM HJJ,pe npu 6oM6apJJ,uposKe ero BhICOK03HepreTtt1IeCKHMH 

1IaCTHU,aMH. CJJ,eJiaHa ou,eHKa BKJiaJJ,a MexaHH3Ma MYJibTH<pparMeHTaU,HH B 

o6pa30BaHHH npoJJ,yKTOB B cpeJJ,Hett MaCCOBOH o6JiaCTH. 

IlonyqeHbl HOBhie pe3yJihTaTbl KHHeMaTH1IeCKHX xapaKTepttCTHK 
118s V V 

JIJJ,ep-OTJJ,a1IH B peaKU,HHX Ha n no)], JJ,eHCTBHeM npOTOHOB " JJ,eHTPOHOB 

c :meprnHMH 3.65 f3B/ttyKJIOH. CpasHeHtte nepeJJ,asaeMhIX npoJJ,OJihHhIX 

ttMnyJihCOB Ha HYKJIOHe YKa3bIBaeT Ha 6onee 3<p<peKTHBttyIO nepeJJ,aqy 

ttMnyJihCOB npoToHaMu, 1IeM JJ,ettTPOHaMu. AHanm 3THX 

3KCnepttMeHTaJihHhlX pe3yJihTaTOB TaK)Ke YKa3hIBaeT Ha BKJiaJJ, MexaHH3Ma 

MYJihTH<pparMeHTaU,HH B o6pa30BaHtte JierKHX " cpeJJ,HeTJI)l(eJiblX 

npoJJ,yKTOB. 

Ilony11eHhI HOBhie JJ,aHHhie o npou,eccax (p,xn), (p,pxn), (d,xn) u 

(d,pxn) npu 1:S x :S14 Ha o6orameHHhIX tt3oTonax onosa 112
• 

118
• 

120
• 

124Sn 

npu 3HeprnHx 0.6. 1.0, 3.65, 8.1 f3B/ttyKJIOH. 11ccneJJ,oBaH xapaKTep 

H3MeHeHHM ce1IeHHM peaKlJ,HH (p,xn), (p,pxn) B o6JiaCTH 3Heprnii 1-8.1 

f3B. 
11ccJieJJ,OBaHbl H30MepHbie OTHOllleHHH 20 HJJ,ep-ocTaTKOB H3 

pa3JJ,eJieHHhIX H30TOnOB 
112

' 
118

• 
120

• 
124

Sn. 113 nonyqeHHhIX pe3yJihTaTOB 

CJieJJ,yeT, 1ITO xapaKTep H3MeHeHHM H30MepHbIX OTHOllleHHH ce1IeHHM B 

3aBHCHMOCTH OT 1IHCJia ucnymeHHhlX MHllleHblO HettTPOHOB o6ycJIOBJieH 

npHCYTCTBHeM HettTPOHHOfO rano B TJI)KeJibIX H30Tonax OJIOBa (ucnapeHHe 

HettTPOHOB C nosepXHOCTH HJJ,pa), a TaK)Ke TeM, 1ITO HapH,n;y C KaCKaJJ,HO­

HcnapttTeJibHhIM npou,eccoM cymecTBYeT npou,ecc nornomeHHH 

OTpHU,aTeJibHbIX BTOpH1IHbIX nHOHOB nosepXHOCTHbIMH KBa3HJJ,ettTPOHaMH 

1(+d ➔n+n. 

BnepBbie HaMJJ,eHbl ce1IeHHH o6pa30BaHH.l1 ~ 70 OCTaT01IHhIX HJJ,ep 

H3 Ka)K)],OH paJJ,HOaKTHBHOH MHllleHH 
237

Np, 
241

Am H 
1291, COOTBeTCTBeHHO, 

npu 06ny1IeHHH npoToHaMH c 3Heprnett 660 M3B. CJJ,eJiaHa ou,eHKa 

3<p<peKTHBHOCTH TpaHCMYTaU,HH Ha np.HMOM nyqKe npOTOHOB.,_ 

Hayquau H npaKTnqecKaH QCHHOCTh: 
11ccneJJ,OBaHHe HBJieHHJI HJJ,epHOH MYJibTH<pparMeHTaU,HH He 

orpaHH1IHBaeTC.l1 cyry6o o6naCTblO JIJJ,epHOH <ptt3HKH, a HaXOJJ,HT CBOe 

4 

npttMeHeHtte s aCTPO<pH3ttKe u KOCMOJIOrHH. IlpttBJieKaeT oco6oe 

BHHMaHtte cymecTBeHHOe noJJ,o6ue TepMO)],HHaMtt1IeCKHX xapaKTepttCTHK 

(TeMneparypa, nJIOTHOCTh, H30CnHHOBaH aCHMMeTpttH) Ha6moJJ,aeMhIX npu 

JIJJ,epHOH MYJibTH<pparMeHTaU,HH " npH C)KaTHWBCnhilllKe MaCCHBHbIX 

3Be3JJ,. ~aHHbltt <paKT, B CBOIO oqepeJJ,b, OTKpbIBaeT lllttpOKYIO B03M0)KHOCTb 

)],Jl.ll ucnoJib30BaHH.l1 xopOlllO H3BeCTHbl.?( MOJJ,eJieii JIJJ,epHblX peaKU,HH npu 

onucaHtttt pacnpeJJ,eJieHttH u 3BOJIIOU.HH MaTepuu so speMH B3phrna 

cynepHOBOH. 

Ilony11eHHb1e s 3TOtt pa6oTe 3KcnepuMeHTaJibHhie JJ,aHHbie MOrYT 

6bITh ucnoJib30BaHbl )],JIH cpopMttposaHHH 6tt6JIHOTeK JIJJ,epHbIX JJ,aHHbIX 

(EXFOR, NSR). 

Ha 3a~ury e&meuraroTcH cJie)],yro~ue pe3yJI&TaT&1: 

1. Y cosepllleHCTBOBaHa u aBTOMaTH3ttposaHa MeTO)],HKa HJJ,eHTHCpttKaU,HH u 

onpeJJ,eneHttH ce11eHuii o6pa3oBaHHH KOpOTKO)KttBymux P-Hecrn6HJihHhIX 

npo.zzyKTOB JIJJ,epHbIX peaKU,HM MeTO)],OM HaBeJJ,eHHOH aKTHBHOCTH. 

2. Pa3pa6oTaHa MeTO)],HKa )],JIH pacqeTa onTHMaJibHbIX napaMeTPOB 

3KCnepttMeHTa no myqeHHIO HJJ,ep-npoJJ,yKTOB HaXO)],HJUHXCH B CJIO)l(HhIX 

u,eno1IKax pacnaJJ,a. 

3. Ilony11eHbl HOBbie 3KCnepttMeHTaJihHbie JJ,aHHhle O npou,eccax (p,xn), 

(p,pxn), (d,xn) u (d,pxn) npu 1:S x::; 14 Ha o6orameHHbIX H30Tonax onosa 
112

, 
118

• 
120

, 
124

Sn npu 3HeprnHx 0.6. 1.0, 3.65, 8.1 f3B/ttyKJIOH. AHaJIH3 

3HepreTtt1IeCKHX 3aBHCHMOCTeii 3THX BbIX0)],0B YKa3bIBaeT Ha HaJIH1IHe 

BKJia)],OB B BbIXO)],bl H3Mep.HeMbIX OCTaT01IHbIX npoJJ,yKTOB KaHana C 

o6pa30BaHtteM nHOHOB. 

4. 11ccJieJJ,oBaHbl H30MepHbie OTHOllleHHH ~20 HJJ,ep-ocTaTKOB H3 

pa3JJ,eneHHhix moTonos 
112

• 
118

• 
120

• 
124

Sn, H3 KOTopbIX JJ,JIH 10 nap 

npoJJ,yKTos{9
5
Nb, 

95
Tc) - HOBbie JJ,aHHbie. 113 nony11eHHhIX pe3yJihTaTOB 

cne.zzyeT, 'ITO xapaKTep H3MeHeHHH H30MepHblX OTHOllleHHH ceqeHHH, B 

3aBHCHMOCTH OT 1IHCJia ucnymeHHbIX MHllleHblO HettTPOHOB, o6ycJIOBJieH 

npHCYTCTBHeM HettTPOHHOfO rano B TJI)KeJiblX H30Tonax OJIOBa (ucnapeHtte 

HettTPOHOB C nosepXHOCTH HJJ,pa), a TaK)Ke TeM, 'ITO HapHJJ,Y C KaCKaJJ,HO­

ucnapuTeJibHbIM npou,eccoM cymecTsyeT npou,ecc nornomeHttH 
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OTpHI~aTeJibHbIX BT0pHqHbIX nHOHOB nosepxHOCTHblMH KBa.3HAeHTpOHaMH 

(n· +d ➔ n+n). 

5. IlonyqeHbl ceqeHH51 o6pa.30BaHH51 HAep npo.eyKTOB B urnpOKOH 

Maccosoii o6nacTH H3 o6oramettHhIX moTonos onosa ( 112Sn, 118Sn, 120Sn, 
124

Sn) noA AeiicTBHeM npoTOHOB H AeHTpOHOB. I-fa uccneAOBaHHH cne.eyeT, 

qro nerKHe npo.eyKTLI peaKU.HH o6pa.3yIOTCH B npouecce 

MyJibTHCpparMeHTaQHH, KOTOpM npeAnonaraeT q>a.30BblH nepexoA 

)KHAKOCTb-ra.3 npoHCXOMmHii B rop51qeM HApe npH 6oM6apAHPOBKH ero 

BhIC0K03HepreTHqecKHMH qaCTHQaMH. BnepBble ou.eHeH BKJIM MexaHH3Ma 

MyJibTHq>parMeHTal.(HH B o6pa.30BaHHH npOAYKTOB peaKQHH B MaCCOBOH 
o6naCTH 40<A<80. 

6. IlonyqeHbl HOBbie pe3yJILTaTbl KHHeMaTHqeCKHX xapaKTepHCTHK HAep­

OTAaqH B peaKQH51X Ha I 
18

S n nOA AeHCTBHeM npOTOHOB H AeitrpOHOB C 

3Heprn51MH 3.65 r3B/ttyKJIOH. CpasHeHHe nepeAaBaeMhIX npOAOJibHbIX 

HMIJYJibCOB Ha ttyKJI0He YKa.3bIBaeT Ha 6onee 3q>q>eKTHBttyIO nepeAaqy 

HMIJYJibC0B npoTOHaMH, qeM · AeitrpoHaMH. AHaJIH3 3THX 

3KCnepHMeHTaJibHblX pe3yJILTaTOB TaK)Ke YKa.3hIBaeT Ha BKJiaA MeXaHH3Ma 

MyJI~THq>parMeHTal.(HH s o6pa.3oBaHHe JierKHX H cpeAHeT51)KeJiblX 
npO.LcyKT0B. 

7. B AHCCeputQHH snepBbie nonyqeHbl ceqeHH51 o6pa.30BaHH51 r;:j70 

oCTaToqHhlX HAep H3 KroK.lJ:OH PMHOaKTHBHoii MHUieHH 1291, 237
Np H 241 Am, 

COOTBeTCTBeHHO, npH o6nyqeHHH npOTOHOB C 3Heprneii 660 M3B. 

CAeJiaHa oueHKa 3q>q>eKTHBHOCTH TpaHCMYTaU.HH Ha np51MOM rryqKe 
npOT0HOB. 

Anpo6aQHH pa6oTLI: 
Pe3yJILTaTbl npeACTaBJieHHbie B AHCcepTal.(HH, MHOroKpaTHO 

A0KJIMbIBaJIHCb Ha ceMHHapax s 0TAeJie H3O51C H PX Jla6opaTOpHH 

HAepHbIX npo6JieM O61,eAHHeHHOro HHCTHTyra HAepHblX HCCJieAOBaHHH 

(r.,lzy6tta}, s EpeBaHCKOM rocyAapcTBeHHOM YHHBepCHTeTe, EpeBaHCKOM 

HHCTHTyre q>H3HKH, Ha Me~HapOAHhlX KOHq>epeHl.(H51X no CTpyKType 

aT0MHOro HApa (1997-2007rr), Ha XXV Me~HapOAHOM K0JIJIOKBeyMe 

«TeopeTHKa rpynnoBhie MeTOAbl s q>H3HKe» (MeKCHKa 2004r.) 
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Ily6JIHKaQHH: 
OcHOBHhle pe3yJILTaTbl HCCJieAOBaHHH npeACTaBJieHhl B 15 

pa6ornx, orry6JIHKOBaHHblX a peqiepupyeMblX )K}'pttanax. B u.eJIOM, no 

MaTepHaJiaM HCCJieAOBaHHH npeACTaBJieHHblX B AHCCepTal.(HH, 

orry6JIHKOBaHO 20 pa6oT. 

CTpyicrypa u 061,eM .z:i;uccepTauuu: 
,ll;HccepTal.(H51 HanHCaHa Ha 0CHOBe ABaAU.aTH pa6oT, COCTOHT H3 

BBeAeHHH, TpeX mas, 3aKJIJOqeHH51 H cnHCKa JIHTeparypbI. Otta COAep)l(HT 

206 CTpaHHU., BKJIJ0qa5I 57 pHCYHKOB, 34 Ta6JIHI.(bl H CUHCOK JIHTeparypbl 

H3 193 HaHMeHOBaHHH. 

CO,[J;EP~E ,[J;HCCEPTAQ.lffl 

Bo BBCl{CHHU o60CHOBbIBaHa aKryaJihHOCTh BbllIOJIHeHHOH 

pa6oTbl. KpaTKO H3JIO)l(eHo COCT051HHe TeOpeTHqeCKHX H 

3KCnepHMeHTaJibHblX HCCJieAOBaHHH MexaHH3Ma MyJibTHq>parMeHTal.(HH. 

CqiopMyJIHposaua u.enh AHccepTaU.HH H npHBeAeHo ee KpaTKoe 

COAep)KaHHe. 
IlepBaH rJiaBa TI0CBHmeua MeTOAHKe 3KcnepHMeHTa. 

HccneAosanHe npo.eyKTOB peaKQHH pac~eIIJieHHH, AeJieHHH HJIH 

qiparMeHTaQHH aKTHBal.(H0HHbIM MeTOAOM KaK npaBHJIO CB513aHo C 

TIJYAHOCTHMH o6pa60TKH 60JibUIOro MaCCHBa cneKTpOMeTpHqecKoro 

MaTepHana. Ha OCHOBe HaKOIIJieHHOro onbITa no HCCJieAOBaHHIO ceqeHHH 

HAepHLIX peaKU.HH rny6oKoro pacmenneHHH H qiparMeHTaIJ.HH 6Lma 

ycosepUieHCTBOBaHa MeT0AHKa o6pa60TKH 3KCnepHMeHTaJibHbIX AaHHbIX H 

C03AaHa aBTOMaTH3HpOBaHHa51 CHCTeMa nporpaMM, no3B0JI51IOmM 

cymecTBeHHO noBhlCHTb T0qHOCTb H 3q>q>eKTHBHOCTb o6pa6oTKH, qTo B 

CBOIO oqepeAb cnoco6cTByeT pellleHHIO TIOCTaBJieHHOH 3aAaqu, 

B rn6JIHU.e 1 npHBeAeH BhIXOA naKeTa nporpaMM, onpeAeJIHIOmeii 

ceqeHH51 o6pa.3oBaHH51 HAep OCTaTKOB H3 MHUieHH OJIOBa (1 18
Sn) B 

3KCnepHMeHTe npoBeAeHHOM B paMKax AaHHOH pa60Tbl. B Ta6JIHI.(e 

npHBeAeHhl cpeAHeB3BeUieHHhie 3HaqeHH51 ceqeHHH HeKOTOpbIX HAep 

OCTaTKOB H HX norpeUIHOCTH - CTaTHCTHqecKHe (internal) n m pa.36poca 

(external). 
Ilpu pacqeTe ceqeunii o6pa.3osanH51 ocTaToquhIX HAep 

yqHTblBaJIOCb, qTo cneKTpOMeTpHqecKHH TpaKT, KaK npaBHJIO, HMeeT 
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onpe.neneHHOe «MepTsoe» speM.H, B TeI.JeHue KOToporo H3JiyI.JeHHe He 

perUCTPHPYeTC.H, nnoI.QaJ:{h UHKa nonHoro nornoI.QeHH.H y-KBaHToB 

OKa3hIBaeTc.H 3aHH)KeHHoii no cpaBHeHmo c .neiicTBHTeJibHoii. Oco6eHHO 

3aMeTHbIM 3TO CTaHOBHTC.H npH 60JibllIHX 3arpy3Kax, B qaCTHOCTH, npH 

U3Mep~HHU «rop.HI.JHX» pa.nuoaKTHBHhlX MHIIIeHeii. Il03TOMY B <pOpMyne 

ceI.JeHH.H o6pa30BaHH.H OCTaTOI.JHbIX .HJ:{ep 3TOT 3<p<peKT 6bIJI yqTeH 

t 
YMHO)KeHHeM IlJIOI.QaJ:{H IlHKa IlOJIHOfO nornoI.QeHU.H Ha MHO)KHTeJib r 

t, 
r.ne tr- peaJihHOe speM.H H3MepeHH.H, a t,- )KHBOe BpeM.H H3MepeHH.H. 

B .naHHoii pa6ore 6hm paccMOTPeH pacna.n reHeTHI.JecKu 

CB.H3aHHhIX .HJ:{ep u onpe.neneHbl He3aBUCHMhie ceI.JeHH.H o6pa3oBaHH.H 3THX 

.HJ:{ep. Onpe.neneH napaM~ OilTUMH3al.{HU 3KCnepHMeHTa, B KOTOpOM 

MeTOJ:{OM HaBeJ:{eHHOll aKTHBHOCTU HCCJieJ:{YJOTC.H cneKTPbl OCTaTOI.JHbIX 

.HJ:{ep. 

BTopaH rJiaBa .nuccepTal.{HU IlOCB.HI.QeHa HCCJieJ:{OBaHmo .H.nepHbIX 

peaKI.{Hll no.n .neiicTBUeM npOTOHOB c 3Heprn.HMU 0,66, 1, 3,65 u 8,lf3B u 

.neiiTPOHOB C 3Heprneii 3,65r3B/nyKJIOH Ha pa3J:{eiieHHbIX H30Tonax OJIOBa 
(112.11s,120,124Sn). . 

IlonyI.JeHbl HOBhie 3KCnepuMeHTaJihHbie J:{aHHbie O npoqeccax 

(p,xn), (p,pxn) npu 1:s:; x :;;; 14 Ha o6oraI.QeHHhIX moTOnax onosa 
112

• 
118

• 
120

• 
124

Sn npu 3Heprn.Hx 0.66, 1.0, 3.65 H 8.1 faB H (d,xn), (d,pxn) npu 3.65 

r3B/nyKJIOH. Ilo TeopeTUI.JeCKUM npeJ:{CKa3aHU.HM ceI.JeHH.H uccne.nyeMbIX 

peaKI.{Hll npaKTUI.JeCKU OCTaIOTC.H IlOCTO.HHHbIMH, 1.JTO Ha6mo.naeTC.H J:{JI.H 

3KCnepuMeHTaJibHblX ceI.JeHUll peaKI.{Ull C BblJleTOM 6onee I.JeTbipex 

neiiTPoHoB (Puc. I). ,[(n.H peaKquii (p,2n) (Puc.la) u (p,p2n) (Puc.16) 

ceI.JeHU.H CHaI.Jana yMeHbIIIaIOTC.H, a UOTOM paciyr, C pOCTOM 3HeprHH, B 

o6nacTu BhIIIIe 1 r3B. YKaJaHHhitt pocT ce1.JeHuii 060.HCH.HeTc.H nanwrneM 

BKJlaJ:{OB B BbIXOJ:{hl U3Mep.HeMbIX OCTaTOI.JHhlX npo.nyKTOB KaHana C 

o6pa3oBaHueM nuoHOB. OrnoIIIeHH.H ceI.JeHHii peaKI.{Utt (d,xn)/(p,(x-l)n) u 

( d,pxn)/(p,p(x-1 )n) He cornacyioTC.H c npeJ:{CKa3aHH.HMH KaCKaJ:{HO­

ucnapuTeJihHOll MOJ:{eJIH. 3KcnepuMeHTaJibHhJe 3HaI.JeHU.H npeBbllllaIOT 

paCI.JeTHbie B cpe.nHeM B 1.5-2 pa3a (Puc.2). 3TO 060.HCH.HeTC.H TeM, 1.JTO 

3KCnepHMeHTaJihHble ceI.JeHH.H I.JYBCTBUTeJibHbl K .nsyxnyKJIOHHOll 

CTPYKType .neiiTPoHa, B TO speM.H KaK TeopeTUI.JecKHe pacI.JeThI He 

IlOJIHOCThlO YI.JHThIBaIOT 31)' CTPYKfYPY· 
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B pa6oTe nonyI.JeHbl H30MepHbie OTHOIIIeHH.H ( OTHOIIIeHHe ceI.JeHH.H 

o6pa30BaHH.H BblCOKOCUHHOBhIX COCTO.HHHH .HJ:{ep K HH3KOCUHHOBbIM) ~ 20 

OCTaTOI.JHhlX .HJ:{ep (Ta6JIHI.{a 2). 11ccneJ:{OBaHHe IlOKa3aJIU, 1.JTO H30MepHbie 

OTHOIIIeHH.H CHaI.Jana paciyr, a UOTOM. OCTaIOTC.H IlOCTO.HHHbIMH C pOCTOM 

1.JHCJia HCnyI.QeHHblX MHIIIeH.HMH HeMTPOHOB. Ha OCHOBe nonyI.JeHHbIX 

.naHHbIX YTBep)KJ:{aeTC.H, 1.JTO TaKoe nose.neHHe H30MepHblX 

OTHOIIIeHHll ceI.JeHHll o6ycJIOBJieH npHCYTCTBHeM HeMTPOHHOfO rano s 

T.H)KeJibIX moTonax onosa (ucnapeHue HeiiTponos H3 nosepxHoCTH .H.npa), 

a TaK)Ke TeM, I.JTO Hap.H.ny c KacKa.nHo-ucnapuTeJibHhIM npoqeccoM 

cyI.QeCTByeT npoqecc nornoI.QeHH.H OTPHI.{aTeJihHhlX BTOpHI.JHbIX IlHOHOB 

nosepXHOCTHbIMH KBa3HJ:{eHTPOHaMH (1( +d ➔n+n). 

f
0

1 t 31 

34~ t b 32 
30 

21 

21 

,-1 ~l/ 
12 

2-1 ~L:-: 10 

• 
I .. 
' ~--• 2 • ---~ . ■ --~-• 

■~~-■ 
0 0 

0 1 2 • • • • 7 a • 0 1 2 3 • • I 7 • • 
E(GeV) E(GeV) 

a) b) 

Puc. 1 3a6UCUMocmb ce11eHZm o6pmo6aHUR Roep ocmamKo6 om 
· 116 118 

3Hep2uu HW1ema10Ufe20 npomoHa. a) msb •- U3 MutueHu Sn; T- U3 
MUtueHZi 120Sn; J;,.-U3 MUtueHu 124Sn. b) 110

Sn •-U3 MutueHu 
112

Sn; A-U3 
MutueHu 118Sn; T - U3 MUUleHu 

120
Sn; ■- U3 Muw.eHu 

124
Sn. 

B .naHnoii pa6oTe uccne.nosaHhI TaK)Ke BhIXOJ:{bI o6pa3oBaHH.H 

OCTaTOI.JHhlX .HJ:{ep B IIIHpOKOll MaCCOBOll 0611aCTH npo.nyKTOB. 

Ha6JIIOJ:{aeTC.H 3aBHCHMOCTb 3TUX BhIXOJ:{OB OT TPeTbett npoeKI.{HH 

U30CUHHOB KaK OCTaTOl.JHbIX .HJ:{ep, TaK U .HJ:{ep-MttIIIeHeii. M30CilHHOBa.H 

3aBHCHMOCTh HMeIOI.QHXC.H 3KCnepuMeHTaJibHhIX .naHHhlX YKa3bIBaeT Ha 
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CKeiimrnroBbIH xapaKTep. B c.nyqae M)'JlbTHcpparMeHTaQHH OTHOIIIettue 

BbIXO.L{OB cpparMeHTOB o6pa30BaHHbIX H3 pa3HbIX MHIIIetteii 

3KCTIOHeHQHaJibHO 3aBHCHT OT H30TOTIHqecKoro CTIHHa .s1.n;ep-npo,n;yKT0B: 

R,_1 = I;(A,Z)I Yi(A,Z) = exp(C +B·t3 ) 

r,L{e Y(N,Z) c,eqeHue o6pa30BaHH.ll cpparMeHTa C z npOTOHaMH H N 
HeiiTpoHaMH. 11:tt.n;eKCbl I u 2 OTHOC.llTC.ll K ABYM MHIIIeH.llM c pa3HbIMH 

H30CTIHHOBbIMH COCTaBaMH, 2 OTHOCHTC.ll K 6onee HeHTPOHOH36bITOqHOMY 

ucTOqHHKY. Cu B no.n;rottoqttbie napaM~bI, t3 =(N-Z)/2 TPeTb.ll npoeKQH.ll 

H30TOTIHqecKOfO CTIHHa o6pa30BaHHOfO cpparMeHTa. 

~ 3,4 -,5_3,4 

X 3,2 ~ 3,2 

I ! I I 
~ 3.0 ci 3,0 

;g: 2.8 ;g: 2.8 

I I 3. 2.6 I ~ 2.6 
"C u 2.4 

f 
02.4 

0 2.2 ! 2.2 

2.0 

!! 
2.0 

1,8 1,8 ! I 0 
1,6 1,6 

1,4 ! I 1,4 0 

1,2 8 0 
1,2 

o I o o 
1,0 1,0 

0,8 0,8 

0,6 0 0,6 

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 
X X 

a) b) 

Puc. 2 3a6ucUMocmb omHoutemm ce'leHuu o6pmoBamm ocmamo'lHbZX 

Roep a) iJeumpoH-RoepHblX 6) npomOH-RiJepHblX peaKlJUU om 'lUCJla 

6bllleme6utUX HeumpOH06. •-3KcnepUMeHmaJlbHble pe3yllbmambl OllJl 6Cex 
MuuteHeu, o-meopemu1Jec1<ue pac'lembz no 1<ac1<aoHo-ucnapumeJZbHOU 

MooeJZu. C11lloutHa.R 1<pu6a.R ycpeiJHeHue no pac'lemHbZM oaHHbZM. 

CncTeMaTH3aQH.ll 3KCnepuMeHTaJibHbIX ,L{aHHbIX B Bu,n;e BbIIIIeyKa3aHHOfO 

ypaBHeHH.ll COOTBeTCTBYeT MHOroo6pa3mo peaKQHH B IIIHpOKOM 

3HepreTHqecKOM HHTepBaJie H 3TOT cpeHOMeH Ha3bIBaeTC.ll H30CKeiiJIHHfOM 

(puc.3). IlapaM~ HaKJIOHa (B) B 3TOH 3aBHCHMOCTH BblpIDKaeTC.ll qepe3 

pa3JIHque XHMuqecKHX TIOTeHQHaJIOB .L{Byx HaqaJibHbIX CHCTeM H qepe3 

IO 

TeMneparypy B036y)KJJ;eHHOfO .s1.n;pa OJJ;HOfO H TOfO )Ke 3JieMeHTa. Ha 

pucyttKe 4 npHBe.n;etta 3aBHCHMOCTb napaMeTPa B OT pa3HOCTH 

HeiiTpOHHOfO H36bITKa MHIIIeHH A.JUI JiefKHX H cpe,n;HeT.ll)KeJiblX 

ocrnToqHbIX .s1.n;ep. B Ta6JIHQe 3 npuae,n;eHbI 3HaqeHH.ll napaMeTPOB B AJI.ll 

pa3HbIX MaCCOBbIX o6nacrnx cpparMeHTOB H JJ;Jl.ll pa3HbIX nap MHIIIeHeii. 113 

rn6JIHI.\bI BHAHO, qTo napaMeTP B qyBCTBHTeJieH K MexattmMy 

o6pa3oBaHHH npo,n;yKTOB B pa3Hbl~ MaCCOBbIX o6nacrnx. AHaJIH3 

nonyqeHHbIX pe3yJibTaTOB YKa3bIBaeT Ha TO, qTo JiefKHe npo,n;yKTbl 

o6pa3YJOTC.ll B npoQecce M)'JibTHcpparMeHTaQHH, KOTopa.s1 npe.n;nonaraeT 

cpa30BbIH nepexo.n; )KUAKOCTb-fa.3, npOHCXOJJ;.llIQHH B rop.s1qeM .s1.n;pe npu 

B3aHMO,n;eiicTBHH .ll.L{pa-MHIIIeHH C BbICOK03HepreTuqecKHMH qacTHQaMH. B 
MaCCOBOH o6JiaCTH npo.n;yKTOB 40 ~A ~80 BnepBbie OTMeqeH BKJia.n; 

MexaHH3Ma M)'JlbTHcpparMeHTaQHH, B TO BpeM.ll KaK H,n;pa npo,n;yKTbI, 

6JIH3KHe no MaccaM K MHIIIettu, o6pa3yIOTC.ll B npoQecce pacmenneHH.ll. 

~ 

2 
■ 7<A<40 
• 60<A<80 

1 

A 40<A<60 

rt, 
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

t, 

Puc.3 fl3oc1<eUJZUH206aR 3a6UCUMOCmb 6blX0006 ocmamO'lHblX Roep . 

B pa6oTe MeTOJJ;OM yJiaBJIHBaIOmux qJOJibf B paMKax cpopMaJIH3Ma 

,n;ByxcryneHqaTOH BeKTOpHOH MOJJ;eJiu HCCJie,n;oBaHbl KHHeMaTnqecKHe 

xapaKTep11cTHKH ocTaToqHbIX H,n;ep 06pa3oaaHHb1x npu B3auMo.n;eiicTBHH 

npOTOHOB H ,L{eiiTpOHOB C o6orameHHbIM H30TOnOM 
118Sn npu 3Hepruu 3.65 

r3B/ttyKJIOH. IlonyqeHbl KHHeTuqecKue 3Hepruu o6pa30BaHHbIX .s1.n;ep 

OCTaTKOB, a TaK)Ke CKOpOCTH H 3Hepruu B036y)KJJ;eHHH nocJieKacKa,n;Horo 

.s1.n;pa, qTO . .n;aeT B03M0)KHOCTh YTOqHHTh MexaHH3M o6pa30BaHHH 

npo.L{yKTOB peaKQHii. C.n;enaHbI cpaBHettue Me)KJJ;y pe3yJihTaTaMH npoTOH­

.s1.n;epHbIX H .L{eiiTpOH-HJJ;epHbIX peaKQHH. Ilpo,n;OJibHhIH HMnyJihC 
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nepe,D;aBaeMbIH MH:uieHH BO BpeM.SI B3aHMO,D;eHCTBH.SI npoTOHOB H 

,D;eHrpOHOB YKa3bIBaeT Ha TO, q-ro npOTOH .SIBJI.SieTC.SI 6onee 3cl>cl>eKTHBHbIM 

areHTOM nepe,D;aqu uMnyJibca, qeM ,D;eHrpOH. Tpu pa3Hbie Bepcuu Jloc­

AnaMocoBCKOH KBapK-rmooHHOH CTPYHHOH MO,D;enu (LAQGSM03) 

HCTIOJib30BaHbl npu o6cy)K,ll;eHHH 3KCnepuMeHTaJibHbIX pe3yJibTaTOB. 

I. 

I. 

I. 

0. 

i:Q 0. 

o. 

0. 

0. 

3<2<20 

.... 1 .... 
......... 1' I 

j. .......... 
.... 

.,> .... .... 

0 2 4 6 8 10 12 14 16 18 20 

AN, 

Puc. 4 3aBucwuocmb napGMempa B om pmHocmu HeumpoHHozo U36bzmKa 
MUtueHU OJlJI, pa3HblX MGCC06blX o6JIGC1WIX ,Ppa2MeHm06. ■-0.llR 06J1acmu 
,Ppa2MeHmo6 7$4.-90: •-oJIR 06J1acmu npooyKmo6 40$4.'5:80. 

Ha pucyHKe 5 npuBe,D;eHbl 3aBHCHMOCTH npo,D;OJibHbIX 

nepe,D;aBaeMbIX HMnyJibCOB OT qucna BbIJieTeBillHX ttyKJIOHOB. H3MeHeHue 

HaKJIOHa B 3TOH 3aBHCHMOCTH B o6nacTu ~A~SO yKa3bIBaeT Ha H3MeHeHue 

MexaHH3Ma o6pa30BaHH.SI OCTaTOqHbIX .SI,D;ep. Jl.z:{pa-OCTaTKH B MaCCOBOH 

o6nacTu ~A::;50 o6pa3YJOTC.SI B npoQecce pacmeTIJieHHH, B TO BpeMH KaK 

ocTaToqHbie H,D;pa B MaccoBou o6nacTu ~A>SO o6pa3yIOTCH He TOJibKO B 

npoQecce pacmenneHHH, HO u no MexaHH3MY MYJibTHcl>parMeHTaQuu . 

Ha pucyHKe 6 npuBe,D;eHa 3aBHCHMOCTb KHHeTuqecKOH 3Hepruu 

.SI,D;ep npo,D;yKTOB OT qaCTH TIOTep.SIHHOH MaCCbl MHilleHH AA.SI npOTOH- " 

,D;eHTPOH-.SI,D;epHbIX peaKQHH. 

Ha6JIIO,D;aeTC.SI H3MeHeHHe HaKJIOHa JIHHeHHOH 3aBHCHMOCTH 

(M~SO) AA.SI pa3HbIX MaCCOBbIX o6nacTeH npO,D;yKTOB. 3To TaIOKe 

CBH,D;eTeJibCTByeT 06 H3MeHeHue MexaHH3Ma o6pa30BaHH.SI .SI,D;ep npo,D;yKTOB 

B pa3HbIX MaCCOBbIX o6JiaCT.SIX. 
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------------------------------- ------------------------------------------------------------
N E dE sig dsig sig2 dsig2 id 

---------------- ·----------------------------------------------------------
1 539.509 0.089 8.347£-0027 1.129£-0027 8.348£-0027 1.129£-0027 l00Pd(G) 
2 539.296 0.153 4.185£-0027 7.297£-0028 4.187£-0027 7.300£-0028 lO0Pd(G) 
3 538.966 0.286 8.014£-0027 2.061£-0027 8.014£-0027 2.061£-0027 l00Pd(G) 
SS weighted avg= 5.62276£-0027 5.62509£-0027 
SS sigma int= 5.87420£-0028 5.87577£-0028 
-----------------------------------------------------------------------------------------------
1 539.509 0.089 5.724£-0026 7.738£-0027 5.727£-0026 7.742£-0027 lO0Rh(G) 
2 539.296 0.153 6.139£-0024 6.334£-0027 6.141£-0026 6.338£-0027 l00Rh(G) 
SS weighted avg= 5.86473£-0026 5.86761£-0026 
SS sigma int= 7.73375£-0027 7.73776£-0027 

-----------------------------------------------------------------------------------------
3 474.410 0.241 1.186£-0026 2.308£-0027 1.186£-0026 2.308£-0027 102Rh(G) 
4 475.340 0.232 1.943£-0026 3.059£-0027 1.943£-0026 3.059£-0027 102Rh(G) 
5 474.628 0.234 1.200£-0026 1.891£-0027 1.200£-0026 1.891£-0027 102Rh(G) 
SS weighted avg= 1.33369£-0026 1.33369£-0026 
SS sigma int= 1.31963£-0027 1.31963£-0027 

Ta6Jrnu,a 1 Cettemm o6pmoeamm 11e1<0mopbzx Roep ocmamKoB, no;1ytte1111bze naKemoM npo2pa.MM. 



OcrnToqttoe H,upo R=crH/crL 
ll.lsn 11~Sil 1LuSn u4Sn 

8.1 faB 8Jf3B 1 f3B 8.lf3B 1 f3B 8.lfaB 1 f3B 
117Cd(l 112·,112+) - - - 1.46±0.41 2.04±0.20 3.15±0.5 3.0±0.45 

117ln(9/2+, 1/2") - 2.34±0.5 2.3±0.3 6.00±0.46 2.60±0.47 8.67±2.10 4.05±0.90 
110Sb(8-,3+) - 0.52±0.08 0.56±0.10 1.07±0.19 1.15±0.21 2.17 -
110In(7+,2+) 0.8±0.1 2.30±0.22 3.9±0.4 2.40±0.23 3.1±0.5 2.36±0.25 4.05±0.91 
108In(6+, 1 ") 0.22±0.13 3.1±0.64 2.4±0.35 3.3±0.93 3.7±0.4 2.6±1.39 3.65±0.88 

IU4Ag(5+,2+) 1.26±0.15 2.35±0.35 3.27±0.62 2.75±0.25 2.45±0.32 2.80±0.39 3.66±0.86 
lULRh( 6\2") 2.61±0.3 2.30±0.75 3.00±1.06 2.47±0.33 - 2.72±0.60 -

IU!Rh(9/2+, l/2") 2.98±0.443 1.22±0.24 1.20±0.23 1.93±0.29 1.8±0.3 1.38±0.23 1.38±0.25 
99Rh(9/2+, l/2") 4.97±0.80 4.8±1.1 6.15±1.10 4.23±0.64 3.5±0.5 6.6±0.9 5.44±1.25 
95Tc(9/2+, l/2") 8.34±1.49 8.40±0.96 7.90±0.63 11.19±0.9 8.6±0.9 12.50±1.87 11.37±1.30 
"'Nb(9/2+, 1/2") 0.65±0.12 1.20±0.25 0.82±0.16 - - - 0.96±0.173 

Ta6mu..i;a 2. If30MepHb1e omHoiueHUR ROep-ocmamK06. 

OcTaToqttoe R=crwcrL 
~.upo 11LSn 11~Sil 1LuSn IL"Sn 

8.1 faB 8.lfaB 1 f3B 8.lfaB 1 faB 8.lfaB 1 f3B 

"4Tc(7+,2+) 4.70±0.73 6.55±0.80 5.1±1.1 7.5±1.3 8.4±1.8 11.4±1.6 12.0±3.4 
"jTc(9/2+, 1/2") - 4.30±1.46 - - 7.67±1.53 - -

-VI 

87Y (9/2+' 1/2") - 1.7±0.3 1.80±0.27 3.55±0.53 3.40±0.76 2.87±0.52 -
86Y(8\4") 3.00±0.43 2.1±0.3 3.1±0.5 2.59±0.30 2.95±0.40 2.7±0.4 2.70±0.82 
~"Rb(6·,2·) - 0.83±0.35 - 0.96±0.14 - 1.28±0.13 -

'LMn(6+,2+) - 4.24±0.71 - - - - -
44Sc(6+,2+) 1.77±0.45 2.1±0.5 - 2.10±0.41 - 2.0±0.6 -

Ilpo,uoJDKemi:e Ta6mn.i;b1 2. 
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PHC. 5 3a6UCUMOCmb npoOOJlbHOW nepeoaeaeM020 UMnyllbCa om lJUCJla 
eb1J1emeewux HyKJ10Hoe M,: a) ORR oeiimpoH-RoepHblX peaKlJUU b) ORR 
npomoH-RoepHblX peaKlJUii(•).CnRoutHaR. JlUHUR ecmb pactJembl no MOOeJlu 
LAQGSM03.01, nyHKmupHaR. JlUHUR - pactJembz no MOOeJlu LAQGSM03.SJ, 
u motJetJHaR. JlUHUR - pac1Jemb1 no MooeJlu LAQGSM03. G 1. 
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IIapaMe-rp B (Ep=3.65 f3B) 

JI,n,pa- Llli"=2 ~N=4 Llli"=6 ~N=8 ~N=12 
IlPO.llYK'fbl 

7:SA:S30 0.19±0.03 0.27±0.06 0.23±0.03 0.44±0.10 0.51±0.04 
40:s;A<60 0.11+0.03 0.34+0.05 0.41+0.04 0.56+0.04 0.85+0.04 
60:'.SA:S80 0.18±0.05 0.25±0.13 0.36±0.09 0.51±0.10 0.78±0.21 

lSMORb 0.25+0.02 0.32+0.04 0.66+0.02 0.62+0.15 0.94+0.20 
':IJ·110Tc 0.24±0.07 0.22±0.08 0.46±0.15 0.85±0.25 1.07±0.32 

e 

IIapaMe-rp B (Ed=3.65 f3B/eyKJioH) 

, ' 
\.~~ JI,n,pa- ~N=4 ~N=6 ~N=8 ~N=12 

IlPOIIVKTbl 

7:'.SA:S30 0.27±0.05 0.26±0.05 0.28±0.12 0.55±0.07 
40:'.SA:S60 0.38±0.10 0.41±0.09 0.41±0.10 0.78±0.14 
60:'.SA:S80 0.19±0.07 0.50±0.10 0.57±0.14 0.77±0.19 

lSMbRb 0.30±0.08 - 0.87±0.22 1.17±0.29 

Ta6JIHUa 3. 3Ha11emm napa.Mempo6 B OJlJl pCl3HblX Macco6blX o6Jlacmeu npooy1<.mo6. 
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Pttc. 6 3aBucUMocmb KUHemu,-1ecKou 3Hep2Uu Roep npoiJyKmoB om 
ttacmu nomepu Mace MIA,: a) OM oeumpoH-RiJepHblX peaKlJUU b) iJM 

npomoH-RiJepHblX peaKlJUU(•). /(RR cpaBHemm, ! yKa3bl6aTOm 

3KcnepUMeHmaJlbHble pe3yJ1bmamb1 OllR MuuteHU Ag, a, 7 yKmbrna,om 
3KcnepUMeHmaJlbHble pe3yJ1bmamb1 OJlR MUtueHu Pb npuBeoeHHblX 6 
JlUmepamype. CllllOtuHaH JlUHWl (]) ecmb pacttembl no MOOeJlu 
LAQGSM03.0J, nyHKmupHaH JlUHWl (2)- pacttemb1 no MOOeJlu 
LAQGSM03.Sl, u mottettHaH JlUHWl (3) - pacttembl no MoiJeJlu 
LAQGSM03.Gl. Tollcman, CllllOtuHaH JlUHWl ecmb JlUHeUHaH noiJ20HKa 
3KCnepUMeHmaJlbHblX iJaHHblX OllR Roep ocmamK06 6 MaCC060U 06J1acmu 

A>80. 
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B OCHOBV TpeTbeii rJiaBhl Jiernu pa60Tbl nOCBHW.eHHbie HCCJie)],OBaHHIO 

H)].epHbIX peaKu,uii no)]. )].eiicTBueM npoTOHOB c :meprueii 660 M3B Ha 

pa)].uoaKTHBHbIX H)].pax 
1291, 237

Np, 
241

Am. BIDKHOCTb 3THX uccJie)].oBaHuii 

3aKmoqaeTcH B TOM, qTo )].JIH MO)],enupoBaHm1 npou,ecca TpaHcMyrau,uu 

pa)].HOaKTHBHbIX OTX0)],0B o6pa30BaHHbIX BCJie)],CTBHe pa60Tbl aTOMHbIX 

peaKTOpOB, Heo6XO)],HMO yBeJiuquTb HMeIOrn.yIOC}l 6a3y 

3KCnepuMeHTaJibHblX )],aHHbIX B3aHMO)],eHCTBHH qaCTHI.J, KaK C 

TpaHcypaHOBbIMH 3JieMeHTaMH, TaK H C npo)].yKTaMH )],eJieHH}l. C Apyroii 

CTOpOHbl CTOHT BIDKHbIH Bonpoc ou,eHKH 3cpq>eKTHBHOCTH C)KUraHmI 

pa)].UOaKTHBHbIX OTX0)],0B Ha pa3HbIX nyqKax qacTHI.J, npu pa3HbIX 

3HeprHHX. 

BnepBbie nonyqeHbI 74, 80 u 53 ceqeHHH o6pa3oBaHHH 

ocTaToqHbIX 51)].ep m 
1291, 241

Am u 
237

Np, cooTBeTCTBeHHO. Ha Puc.7 

npuBe)],eHbl ceqeHH51 o6pa30BaHU}l OCTaTOqHI,IX 51)],ep H3 MHIIIeHeH 
241 

Am " 
237

Np B 3aBHCHMOCTH OT MaCCOBOfO qucna npo)].yKTOB, H HX cpaBHeHue C 

TeopeTuqeCKHMH pacqeTaMH, C)],eJiaHHblMH no KaCKa)],HO-ucnapuTeJibHOH 

MO)].eJiu. HcnoJih3YH nonyqeHHbie ceqeHHH MO)KHO ou,eHHTb 

3cpcpeKTHBHOCTb TpaHCMyrau,uu 
1291 B np51MOM nyqKe npoTOHOB. 

IlocKOJibKY cyMMapHoe ceqeHue Bcex H3MepeHHbIX B pa6oTe 51)].ep­

npo)].yKToB COCTaBJI51eT 470 M6, TO yquTbIBa51 CTa6HJibHbie npo)].yKTbl, 

TaK)Ke KaK H npo)].yKTbl, KOTOpbie no 3Heprtt51M y-JIHHHH HJIH nepuo)],aM 

nonypacna)],a HaXO)].HTCH BHe pa6oqero )].ttana3oHa cneKrpoMerpa, MO)KHO 

npe)],nOJIO)KHTb, qTo nOJIHOe ceqeHue peaKI.J,HH 
129

l(p,xpyn) COCTaBJIHeT 

BeJiuquuy ~ 1 6apH. Tor)],a, npu o6nyqemm B MHIIIeHu ycKopuTeJibH0-

6nauKeTHOH CHCTeMbl B TeqeHue MeCHI.J,a npu TOKe npoTOHOB 10 MA, qTO 

BnOJIHe )],OCTU)KHMO, npott30H)],eT <<Bbl)KllfaHHe>> 5% (20 Mr) 3TOfO 

H30TOna. IlonyqeHHbie 3KCnepuMeHTaJibHbie pe3yJibTaTbl )],aIOT 

B03MO)KHOCTb ou,eHHTb BpeMH, nocne KOTOporo TpaHcMyrau,H}l CTaHOBHTC}l 

3cpcpeKTHBHOH. IlOHHTHO, qTo o6pa30BaHue KOpOTKO)KHBYW.HX H30TOnOB 

npHBO)],HT K yBeJiuqeHHIO aKTHBHOCTH MHIIIeHu 
1291. EcJIH nepecquTaTb 

nonyqeHHbie )],aHHbie Ha TOK npOTOHOB 10 MA u )],JIHTeJibHOCTb o6nyqeHU}l 

0)],HH MeCHI.J,, TO aKTHBHOCTb MHIIIeHH yBenuqUTc51 OT 0.293 . 10
7 

pacna)],/c 

)],0 9.8· 10
12 

pacna)],/c. 0)].HaKO, qepe3 10 JieT aKTHBHOCTb MHIIIeHH 

yMeHbllIHTC51 H COCTaBHT 0.466· 10 
7 

' a qepe3 20 JieT yMeHbllIHTC51 Ha 

nop51)].0K. qepe3 50 JieT aKTHBHOCTb MHIIIeHH COCTaBHT 2.5· 102 
pacna)],/c. 

TaKHM o6pa30M, ucnOJib30BaHue 
1291 B KaqecTBe KOMnOHeHTa MHIIIeHH 

nO)],KpHTHqecKOH CHCTeMbl MO)KeT cnoco6cTBOBaTb peIIIeHHIO npo6JieMbl 

yrttJIH3aI.J,HH 3TOf0 )],OJlfO)KHBYW.ero pa)].HOTOKCHqHoro OCKOJIKa )],eJieHH51, 

20 

06pa3y10rn.eroc51 B 60JibllIHX KOJiuqecTBax npu pa6oTe aTOMHbIX 

3JieKrpOCTaHU,HH. 

OCHOBHl>IE PE3YJThTATbI II BLIBO,[J;bl 
• Pa3BHTa MeTO)],UKa U)],eHTHQ)HKaI.J,HH H onpe)],eJieHH51 ceqeHHH 

o6pa3oBaHHH KopoTKO)KttByrn.ux P-Hecrn6ttJibHbIX npo)].yKTOB 

51)].epHbIX peaKI.J,HH MeTO)],OM HaBe)],eHHOH aKTHBHOCTH. 

ABTOMaTmupoBaH npou,ecc o6pa60TKH 3KCnepHMeHTaJibHbIX 

)],aHHbIX. 

• Propa6oTaHa MeTO)],HKa onpe)].eJieHH}l onTHMaJibHbIX napaMerpOB 

3KCnepHMeHTa no H3yqeHHIO H)].ep-npo)].yKTOB HaXO)].HW.HXC51 B 

CJIO)KHbIX u,enoqKax pacna)].a. 

• BnepBbie 3KCnepuMeHTaJibHO HCCJie)],OBaHbl npou,eCCbi (p,xn), 

Cfc,pxn), (d,xn) H (d;pxn) Ha o6orarn.eHHbIX moTonax onoBa 
112

• us. 
1 0

• 
124

Sn npH 3HepruHx HaqanhHoro nyqKa 0.6. 1.0, 3 .65, 8.1 

f 3B/ttyKJIOH. l13yqeHbl MexaHH3Mbl 3THX peaKI.J,HH. 

• BnepBbie HCCJie)],OBaHbl H30MepHbie OTHOIIIeHH}l ~ 10 }l)],ep­

OCTaTKOB (95
Nb, 

93
'
94

'
95

Tc) m pa3)].eJieHHbIX moTonoB 
112

•
118

•
120

•
124

Sn 

u nonyqeHa 3aBHCHMOCTb 3THX OTHOIIIeHuii OT CTPYKTYPbI 51)].ep 

OCTaTKOB. 

• Hccne)].OBaH xapaKTep H3MeHeHHH H30MepHoIX OTHOIIIeHHH 

ceqeHHH OT qucna Hcnyrn.eHHbIX MHIIIeHHMH HettrpOHOB " 

nOKa3aHO, qTO pe3yJibTaT (BblXO)], Ha nJiaTO) o6ycJIOBJieH 

npucyrCTBHeM HeHrpOHHOro rano B T51)KeJiblX H30TOnax OJIOBa H 

npou,eCCOM nornorn.eHH51 orpuu,aTeJibHbIX BTopuqHbIX nHOHOB 

noBepXHOCTHbIMH KBa3H)],eurpoHaMH (7t- +d ➔ n+n). 

• IlonyqeHbl HOBbie 3KCnepuMeHTaJibHbie )],aHHbie no ceqeHH51M 

o6pa3oBaHHH H)].ep npo)].yKTOB B MaccoBoii o6nacTu 7 :::;:; A :::;; A 1 H3 

o6orarn.eHHbIX moTonoB onoBa (11 2
Sn, 

118
Sn, 

120
Sn, 

124
Sn) no)], 

)],eHCTBHeM npoTOHOB c 3HeprirnMH 0.6. 1.0, 3.65, 8.1 f3B u 

)],ettrpOHOB C 3Heprueii 3,65f3B/ttyKJIOH. 

• BnepBbie 3KCnepuMeHTaJibHO HCCJie)],OBaHbl KHHeMaTuqecKHe 

xapaKTepHCTHKH 51)].ep-OT)],aqH B peaKI.J,H51X Ha 
118

Sn no)], )],eHCTBHeM 

npoTOHOB ")],ettrpOHOB C 3Hepru51MH 3.65 f3B/ttyKJIOH 

• BnepBoie 6hm ou,eHeH BKJia)]. MexaHmMa MYJibTttq>parMeHTau,uu B 

o6pa30BaHHe npo)].yKTOB B MaCCOBOH o6JiaCTH 40:s;A:s;80. 

• BnepBbie HCCJie)],OBaHO }lBJieHue H30CKeHJIHHra )],Jl}l pa3Hb!X 

MaCCOBbIX o6nacrnx cpparMeHTOB (7:S A:::;; 40, 40:::;; A:::;; 80, 81:S A 
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:s:; I 00) H .wrn: pa3HbIX nap MHilletteii. I10Ka3aHO, lffO napaMerp 
H30CKefumura (B) 1I)'BCTBHTeJieH K MexaumMy o6pa30BaHml 
<pparMeHTOB. 
BnepBbie no.nyqettbI ceqeum1 o6pa30Baum1 ~10 ocTaToqubIX .H)J.ep 
m KIDK)J.OH Pa.ll.HOaKTHBHoii Mmneuu 1291, 237Np u 241 Am, 
COOTBeTcTBeHHO, npu o6nyqeHHH npoTOHOB C 3Heprneii 660 M3B. 
C)J.eJiaHa oneuKa 3<p<peKTHBHOCTH rpaHCMyranuu Ha np.HMOM 
nyqKe npOTOHOB. 

Pe3VJlbT8Tbl, BKJIIOqeHHble B nuccepTagmo, 
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