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B Jla6opaTOpiiii HHcpOpMal{IIOHHbiX TeXHO.!IOrHH 06ne,niiHeHHOrO 
HHCTHryTa H,nepHbiX nccne,noBannii, r. JJ:y6Ha MocKoBcKaH o6nacTb. 

C .[liiCCepTal{HeH MO)KHO 03HaKOMIITbCH B fiii6JI1IOTeKe 

06ne,nnHeHHoro HHCTIIryTa H,nepHbiX nccne,noBannii 

ABTOpecpepaT pa3ocnaH " " 2004 r. 

YqeHbiH ceKpeTapb 

.niiccepTaUIIOHHoro coBeTa t{ / 
KaH,nn,naT cpii3HKo-MaTeMaTIIqecKHX nayK V 1bt? 3. M. I1srmqenKo 

06~nas xapaKTepHCTHKa pa60TLI 
MHoro BIDKHbiX npo6neM npiiKJia,nHoro xapaKTepa TaKIIX, KaK 

C03.[laHHe 3alllHThl YCKOpiiTeJieH H KOCMHqecKHX KOpafineii, IICllOJib-
30BaHIIe ll)"'KOB qacTIIU ,lUUI TepanHH paKa, IICCJie.[lOBaHHe 
,npeHa)I(HOH CIICTeMbl aKTHBIIpOBaHHOH OXJIIDK,naiOilleH BO.[lbl II BeHTH
JIIIpyeMOro B03,nyxa H ,np., TPe6)'19T npoBe,neHH5.1 pacqeTOB MeTo,noM 
MOHTe-Kapno. B 3TOM p5.~.ny HaxOMTC5.1 TaiOKe 3a,naqn TPaHcnopTa 
BbiCOK03HepreTHqeCKHX qaCTIIU H H3JI)"leHifjl B BellleCTBe, BblqHcJie
HIIe TOqHbiX ceqeHHH o6pa30BaHifjl jl.[lep KIICJIOpo,na, reJIIfjl H ,npyrnx, 
a TaiOKe COnyTCTByiOilliiX cpii31fqeCKHX 3cpcpeKTOB. 

IIepepafioTKa 5.1,nepHbiX OTXO.[lOB H BbipafioTKa 3Hepmii 
5.1BMIOTC5.1 Haii6onee Ba)I(HbiMH np"o6neMaMII. B HaCTOHillee BpeM5.1 
H3BeCTHbi ,nBa Bapnama TPaHcMyTaUHII MepHbiX oTXo,noB -
6biCTPbie peaKTOpbi-fipn.nepbi H ycKOpHTeJibHbie llO.[lKpiiTIIqecKHe 
CIICTeMbl (ADS). J1:mi TPaHCMyTal{IIII H C)I(HraHifjl .[lOJITO)KIIBYillHX 
pa.nnoaKTHBHbiX 3JieMeHTOB CYilleCTByiOT TOJibKO .[lBe MHOroofielllaiO
IllHe peaKUHH (3axBaT HeiiTPOHa H .neneHIIe). 11po6neMa ADS oqeHb 
CJIO)I(HM II3-3a MHOT006pa3lfjl. 5.1,nepHbiX · cpparMeHTOB II cpe.[lbl 
3ap5.1)KeHHbiX qaCTHl{ H rdJOB, o6pa3yiOilliiXC5.1 J;IHYTPII MaTepnana 
KOHTeHHepa H MIIIlleHH. Jl:a)Ke H,npa OT,naqH, ofipa3yiOilliieC5.1 B 
peaKl{lfjiX, IIrpaiOT CBOIO pOJib. BIDKHOe 3HaqeHIIe IIMeeT 
Mo,nennpoBaHHe Bbixo.na nerKnx H,nep He, 0, N. 3TO Heo6xo,niiMO ,lUUI 

BbljiCHeHifjl MeXaHH3Ma H,nepHOH cpparMeHTal{HH, BbiXO.[l JierKHX 
cpparMeHTOB, oco6eHHO He, BJIIfjleT Ha CTPYKTYPY o6nyqaeMoro 
MaTepnana. 

TpaHcMvraulfjl .nonrO)KHBYillHX noo.nVKToB .neneHifjl ( 135 Cs, 
126

Sn, 
79

Se, Tc!f9 n 1291) H paclllermeHifjl (20B-:liOpo) B cncTeMax ADS 
TPe6yeT ,nanbHeiiDiero pa3BIITifjl 1MaTeMaTHqecKoro Mo,nennpoBaHifjl 
3KcnepnMeHTOB no nccne,noBaHHIO cKopocTeii TPaHCMYTaUHii, ,lUUI 

TOTO, qTofibi oqiiCTHTh llJiaHery OT 3THX OllaCHbiX MaTepHaJIOB. J1:mi 
TaKHX HCCJie.[lOBaHHH C03.[laHi.I pa3JI1fqHbie nporpaMMbl, B qaCTHOCTH, 
ocHoBaHHbie Ha nporpaMMe BHYTPHH.nepHoro KacKa,na BepTHHII -

LAHET; ero MO.LliicpHKal{lfjlx - LAHET +GEM; CASCADE, 
pa3pa6oTaHHoii B ):(y6He; SONET, SHIELD, FLUKA, GEANT4, 
CEM2k+GEM2 H LAQGSM + GEM2, · MCNPX. IIoqTH · BO. Bcex 
nporpaMMHbiX .KO,nax ,lUUI OllHCaHifjl HH3K03HeprnqHbiX HeHTPOHHbiX 
B3aiiMO.[leHCTBHH HCllOJib3YeTC5.1 MeTO.[l MOHTe-KapJIO H MHOro
rpynnOBbie KOHCTaHTbl, npoTeCTHpOBaHHbie cpH3IIKOH peaKTOpOB. Bee 

06'1e,[{H~eHH1UI IIHCTUTJT 

SI.[{epHHX Hccne,[{oBaHIIII 

BI1Bni10TEffA 



3TH nporpaMMbl »BIDIIOTC» llOlle3HblM · HHCTpyMeHTOM ,WUl c6opa II 

o6pa60TKH HH<IJOpMaiiHH HaCTO»DfHX H 6y.D.ymHX 3KCnepHMeHTOB. 
IIporpaMMa CASCADE xoporno . onHCbiBaeT ceqeHHe 

.po~eHH» npO.D.JKTOB paciiienneHH» s6nH3H Maccosoro '!Hcna 

MHIIIeHH, HO He o6nacm rny6oKoro paciiienneHH». U:enbiO HaCTO»

IIIeii pa60Tbl »BIDieTC» )l.allbHeHIIIHe pa3BHTHe MOHTe-KapnOBCKOrO 

nporpaMMHoro KOMnneKca CASCADE .D.IDI nyqrnero onHcaHH» ceqe

HH» po~eHH» llpO,ll,JKTOB He TOllbKO B6llH3H MaCCOBOrO 'lHClla MHIII

eHH, HO TaiOKe H B o6nacTH rny6oKord paciiienneHH». . . 1 
IIporpaMMa . CASCADE Hcnonh3YeT cTaTHcTH'leceyiO 

TeopHIO <l>oHra .D.IDI onHcaHH» npo.D.JKTOB ,ZJ,eneHH». CASCADE 

nnoxo onHCbiBaeT npo.D.yKThi ,ZJ,eneHH». 3Ta nporpaMMa nepe

oueHHBaeT BbiXO.D. ,ZJ,eneHH» .D.IDI npeaKTHHH,ZJ,OB B -10 pa3 no cpas

HeHHIO C 3KCllepHMeHTallbHblMH ,ZJ,aHHbiMH H ,ZJ,aeT . ,ZJ,ByxnHKOByiO 

CTpYKTYPY BbiXO,ZJ,OB npO,ll,JKTOB .D.llil aKTHHH,ZJ,O~. ~KcnepHMeHTallb
Hbie ,ZJ,aHHbie npH . cpe,ZJ,HHX 3HeprH»X · HMeiOT O,ZJ,HOllHKOBYIO 

CTpYKTYPY· IJ;enb )l.HCCepTaiiHOHHOH pa60Tbi . 3aKniO'!aeTC» B 

HCClle,ZJ,OBaHHH <IJH3H'leCKOH OCHOBbl 3<lJ<IJeKTa C ,ZJ,ByM» llHKaMH H B 

co3,ZJ,aHHH MO,ZJ,enH, . KOTOpa» Morna 6hl oueHHBaTh TeopeT~'leCKHe 
,ZJ,aHHbie B Ha,ZJ,eJKHbiX speMeHHbiX paMKax. B 3Ha'lHTenbHoii cTeneHH 

na npo6neMa perneHa [1], HO MO,ZJ,enb H~aeTc» B ,ZJ,opa6oTKe .D.IDI 
nyqrnero OllHCaHH» aCHMMeTpH'lHblX MaCCOBbiX. OCKOllKOB. 

Pa3pa6oTaHHM Mo,ZJ,enh Harnna csoe npHMeHeHHe npH 

aHanH3e 3KCnepHMeHTallbHblX ,ZJ,aHHbiX npOTOTHllHbiX 3lleKTpO»

,ZJ,epHbiX ycTaHOBOK. -GAMMA-2 H ENERGY+ TRANSMUTATION, 

B HaCTO»IIIee BpeM» C03,ZJ,aHHbiX B Jla6opaTOpHH BbiCOKHX 3HeprHH 

OIDill, ,lzy6Ha. 

IJ;eJIH HCCJIC,ZJ,OBaHHH 

1. B paMKax. nporpaMMHoro KOMnneKca CASCADE pa3pa6oTaTh. 

6onee TO'IHyiO MO,ZJ,ellb Heynpymx a,ZJ,pOH- H »,ZJ,pO-»,ZJ,epHbiX B3aH

MO,ZJ,eHCTBHH. BbmonHHTh cpaaHeHHe c 3KCnepHMeHTanbHbiMH 

,ZJ,aHHbiMH H ,ZJ,aHHbiMH ,ll,pyrHX, HCllOllb3yiOIIIHXC» B HaCTO»IIIee 

BpeM», nporpaMMHbiX KO,ZJ,OB ,ZJ,n» paC'leTOB BblXO,ZJ,OB HeHTPOHOB H 

H30TOllOB, a TaKJKe HCClle,ZJ,OBaTb TO'lHOCTh ycoseprneHCTBOBaHHOH 

nporpaMMbi CASCADE. 

1 V.S. Barashenkov. Comp. Phys. Commun. 126 ( 2000) 38. 
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2. Ha OCHOBe CASCADE co3,ZJ,aTb MOHTe-KapnoscKyiO MO,ZJ,enb 

MHoroceKIIHOHHoii :meKTpO».D.epHoii ycTaHOBKH "3HeprH»+ TpaH

CMYTaiiH»" H DYTeM MaTeMaTH'leCKHX 3KcnepHMeHTOB 

onpe,ZJ,enHTb ee onmManbHYIO KOHCTPYKIIHIO. Pa3pa6oTaTh MeTO.D. 

onpe,ZJ,eneHH» cneKTpa HeiiTpOHOB peaKIIHii paciiienneHH» BHYTpH 

ycTaHOBKH )l.IDI 3KCnepHMeHTOB C llOpOrOBbiMH ,ZJ,eTeKTopaMH. 

3. Pacc'!HTaTb BbiXO.D.bi HeiiTpOH<lB, 3ap»JKeHHbiX qacTHII, raMMa

KBaHTOB H TellllOBbl,lJ,eneHHe B pa3nH'lHbiX MHIIIeH»X, HCllOllb-

3yeMbiX B 3lleKTpO»,ZJ,epHbiX ycTaHOBKaX. 

HayqnaH HOBH3Ha 

Pa3pa6oTaHa 6onee To'ima», 3Ha'lHTenbHO nyqrne 

COrnaCyiOIIIMC» C OllbiTOM, MOHTe-KapnOBCKM MO,ZJ,enb pacna,ZJ,a 

CHllbHO B036yJK)l.eHHbiX llOCneKaCKa,ZJ,HbiX »,ZJ,ep C yqeTOM 

KOHKYPeHIIHH npoueccoa ,ZJ,eneHH» H ncnapeHH». 

IIpe,ZJ,noJKeHa HOBM 6onee TO'IHM <iJeHoMeHonorHqecKa» 

annpoKCHMaiiH» .D.IDI pacqeTa HHTerpanbHbiX MPO-»,ZJ,epHbiX ce'leHHii. 

Pa3pa6oTaH npocTOii MeTO.D. · soccTaHoaneHH» cneKTpa 

HeHTpOHOB C. llOMOlllblO • noporOBbiX ,ZJ,eTeKTOpOB B peaKIIIIHX 

paciiienneHH» BHYTpH MHIIIeHH. · · 

BhmonHeHbi MaTeMaTH'leCKHe 3KcnepnMeHTbi c 3neKTpO».D.ep

HbiMH ycTaHoBKaMH, Hcnonb3yeMbiMII a OIDIM. 

flpaKTnqecKaH IICHHOCTb HCCJIC,ZJ,OBaHHH 

- Hoaa» aepcHH nporpaMMHoro KOMnneKca CASCADE nOKa3ana 

CBOIO llOlle3HOCTb ,ZJ,n» MO,ZJ,eniipOBaHH» 3lleKTpO»,ZJ,epHblX 

llO,ZJ,KpHTH'leCKIIX CHCTeM, B03HIIKaiOIIIHX npH HX C03,ZJ,aHIIH 

TeXHOllOrH'leCKHX npo6neM H llO,ZJ,rOTOBKH 6y.D.YIIIHX 

3KcnepHMeHTOB Ha cnnhHOTO'lHbiX ycKopHTeiDix. 

- Co3,ZJ,aHa MoHTe-KapnoacKail MO,ZJ,enb 3neKTpOH.D.epHoii ycTaHOBKH 

3HeprH» + TpaHCMYTaiiH» c pa3nH'lHbiM qncnoM ceKIInii. Ha 

OCHOBe npe,ZJ,nOJKeHHOH . MO,ZJ,enH paCC'lHTaHbl napaMeTpbl. )l.ll» 

MO,ZJ,epHII3HpOBaHHOH ycTaHOBKH. 

IIonyqeHbi 3KcnepnMeHTanbHbie 3Ha'!eHH» cKopocTeii peaKIIIIii 

BbiXO,ZJ,a npo,ZJ,yKToB H3 MIIIIIeHeii Th, Bi, Au, In, Ni, Co H AI. 3m 

3Ha'!eHHH He06XO,ZJ,HMbl )J.IDI OIIeHKH 3<lJ<IJeKTHBHbiX CeH'!eHHH 

peaKIIHH (n, Xn), (n, p) H ,ZJ,. 0HH HCllOllb3yiOTC» B 6H6llHOTeKaX 

»,ZJ,epHbiX ,ZJ,aHHbiX, npH pa3pa6oTKe 3lleKTpO»,ZJ,epHblX ycTaHOBOK H 

TexHonornii TPaHCMYTaiiHH ».D.epHbiX OTXO.D.OB. 
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Anpo6au;uH .n.uccepTau;uu 
OcuoBHhie pe3yJihTaThi JJ.JICCepTaD;JIJI 6hmH npe.n.cTaBJieHhi ua 

Ha)"'HhlX CeMJIHapax . B Jla6opaTOpJIJI JIH<l>OpMaD;JIOHHbiX 
Texuonomii, Jla6opaTOPJIJI MepHhiX npo6neM JIM. B. II. )J;JKenenoBa, 
Jia6opaTopJIJI BhiCOKJIX 3Hepmii JIM. B. H. BeKcnepa Jl A. M. 
baJIJJ.JIHa (OIU!lf) Jl Ha MeJKJJ.YHapOJJ.HhiX . KOH<l>epeHD;lliiX: 
International conf. nucleus-2004, Belgorad, Russia (2004); DAE
BRNS symposium on Nuclear Physics, Munbai, India (2003); DAE
BRNS symposium on Nuclear Physics, Kerala, India (2002); Int. 
Conf. on the New Frontiers of Nuclear Technology PHYSOR-2002, 
Seoul, South Korea (2002); DAE-BRNS symposium on Nuclear 
Physics, Kolkata, India (2001); Int. symposium on Nuclear Physics, 
Munbai, India (2000); A Tropical Meeting on ADS, Munbai, India 
(2000). Pe3yJihTaThi ony6JIJIKOBaHhi B JKYPHanax, TPY.L\ax 
Kou<Pepeuu;Jiii Jl coo6meHlliiX Jl npenpJIHTax OIUIM. HJIJKe 
npJIBOJJ.JITCH CllJICOK 3THX ny6JIJIKaD;Jill. t'l 

CTpyKcypa H o6'beM JJ.HCCepTao;HH 
,[ViccepTao;llil co.n.epJKJIT BBe,neuJie,. qeTbipe rnaBhi, BhiBOJJ.hi Jl 

cnJICOK JIJITepaTYPhi. 06neM pa6oThi cocTaBAAeT 111 CTPaHJID;, 
BKmoqa» 60 pJICYHKOB Jl 31 Ta6nJiu;y. CnJICOK JIJITepaTYPhi BKmoqaeT 
122 nyHKTa. . 

Co.n.epmauue .n.uccepTau;uu 
B nepBhiH. rJiaoe npe.n.cTaBJieHhi KpaTKOe BBeJJ.eHJie B 

npo6neMy Jl o63op Jlccne.n.oBaHJiii B. o6nacTH MaTeMaTJiqecKoro 
MOJJ.eJIJipOBaHllil, a TaKJKe c<PopMyJIJipOBaHbl o;eJIJI 3a)1,aqJI 
.n.ficcePTaU:JIOHHOii · pa6oThi. 3.n.ecb paccMaTPJIBaeTc» OTJIJiqJie BHYTPJI
HJJ.epHhiX KacKaJJ.HhiX BhJqJicJieHJiii B nporpaMMax CASCADE Jl 
LAHET. Hap»JJ.Y c OllJICaHJieM npou;e.n.ypbl M0)1,eJIJipOBaHllil c 
noMOID;hiO nporpaMMhi . CASCADE, .n.aeTc» KpaTKoe · onJicaHJie 
JJ.pyrJIX nporpa~IM M0)1,eJIJipOBaHllil B 3TOU o6JiaCTJI. 06cyJK,l1,aiOTCH 

· ocm)BHhie npo6neMhi 3JieKTPOHJJ.epHhiX ycTaHOBOK OIUIM Jl 3a.n.aqJI 
MaTeMaTJiqecKoro Mo.n.enJipoBaHllil. IIepeqJicJieHhi ocHOBHhie 
pe3yJihTaTbl JICCJie)1,0BaHJIH .. 

B rJiaBe 2 .n.aeTCH OllJICaHJie M0)1,eJieii JICnapeHllil Jl .n.eneHllil 
[1]. ,llaHHYJO .· rnaBy MOJKHO pa3JJ.eJIHTh ua JJ.Be qacTJI: 1) 

4 

"' 

ycoBeprneHCTBOBaHJie MOJJ.eJIJI JICnapeHJIH, JICllOJih3yeMOll B CTapoii 
I . 

BepCJIJI nporpaMMhi CASCADE ; 2) pa3pa6oTKa MOJJ.eJIJI .n.eneHJIH. 
1) B nporpaMMe CASCADE1 JICllOJih30BaHa Mo.n.enh JlcnapeHJIH 
)J;OCTPOBCKOro2

, KOTOpaH, B npJIHD;Jille, HBAAeTCH npOJJ.OJI)KeHJieM 
MOJJ.eJIJI BaiicKon<Pa Jl 3BJIHra3. B uacTo»meM JICCJieJJ.OBaHJIJI paccMa
TpJIBaeTCH 6onee 06ID;aH BepCllil 3TOU MOJJ.eJIJI Jl BMeCTO JICllOJib30-
BaHllil npJI6JIH:JKeHHOll <PopMyJihl ·}J,JIH llJIOTHOCTJI ypOBHeii: 

. p(E)=cexp(2~a(E-8)), · (1) 

)1,JI5l BblqJICJieHllil BepOHTHOCTH JICnapeHJIH qacTJID; (n, p, d, t, 3He, Jl a) 
JICllOJih3YeTC5l 6onee TOqHaH <PopMyJia JJ.AA llJIOTHOCTJI ypOBHeii4, 

npJIBe)1,eHHaH HJIJKe: 

c1 exp(2ja(E- J)) 
p(E) = a114(E -t5)st4 

Jl p(E) = c2 exp((E- E0 )/T) 

E2:Eb 

ecnJI E < Eb, 

(2) 

(3) 

3.n.ech E - 3Heprllil B036yJKJJ.eHllil Mpa, a - napaMeTP nnoTHOCTH 
ypOBHeii, f5 - 3Heprllil cnapJIBaHJIH, CJ, Cz - llOCTOHHHbie. 3ueprllil 
norpauJiquoro cnoH- Eb=Eo+<5, Eo=2.5+1501Aa. IIapaMeTP 

Jf. = .J a I E0 -1.51 E0 • ITocTOHHHhie c1 Jl cz onpe.n.eneHhi Jl3. ycJIOBJIH 

paBeHcTBa nnoTHOCTeii (2) Jl. (3) npJI E = E0• li3MeHeHJie 3HeprJIJI 
cnapJIBaHJI» o onpe.n.eneuo B pa6oTe A. rJin6epTa Jl A.r · B. 
KaMepoua.4 )J;AA BhiqJicJieHllil napaM~a nnoTHOCTJI ypoBHeii 
JICDOJih3yeTc» cne.n.ywmee BhipaJKeHJie: 

a(Ad,Zd ,E)= Ad(~)(0 .. 134-1.2110:_4Ad (1-exp-0.061~)), (4) 

r.n.e Aa Jl Za - MaccoBoe Jl 3ap»JJ.OBoe qJicJia .n.oqepuero ».n.pa: E -
3Hepm» B036YJKJJ.eHllil nepBJiquoro ».n.pa (M3B), S - o6onoqequaH 

4 I" 5 nonpaBKa . IIpJIMeHHnach Ta:rpKe 6onee ToquaH napaMeTPJI3ao;JIH JJ.AA 

2 I. Dostrovsky, Z. Frankel, and G. Friedlander, "Monte Carlo 
Calculations of Nuclear Evaporation Processes - III Application to 
Low-Energy Reactions," Phys. Rev. 116(1959) 683. 
3 V. F. Weisskopf and P. H. Ewing, Phys. Rev., 57(1940) 472. 
4 A. Gilbert and A.G.W. Cameron, Can. J. Phys. 43 (1965)1446; J. L. 
cook, H. Ferguson and A. R. D. Musgrove, Aust. J. Phys. 20(1967) 
477. 
5s. Furihata, K. Niita, S. Meigo, Y. Ikeda and F. Maekawa, JAERI Datal Code 
2002-015 Report. 
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ceqemlii o6paTH~>Ix peaKnnii. llocne.l(l!ee Hec:YmecTBeHHo BhiDICT Ha 

MaCCOBOC pacnpe.l(CJICHHe,. HO .l(~eT Jiy'IlliHe pe3yJibTaTbl .l(JIJI ceqeHIDI 

He3aBHCHMOrO pOJK.l(CHHH H30TOnOB, OC06CHHO B 06JiaCTII rny60KOrO 
' ,,! ' < 

pacmermeHIDI. 

Y COBepmeHCTBOBaHHaH BCpCIDI MO.l(CJIH npe.l(CTaBAACT 

'cne.l(yiOIUHe B03MO)I(HOCTH: a) paccMaTPHBaTb HcnapeHHe 6 OT 

HCMTPOHa .l(O 
4
He, KaK ~OMHHYTO Bbime; b) paccMaTPnBaTb 

ncnapeHne 29 qacTnU .l(O 
1 

C [1]; c) paccMaTPHBaTb ncnapeHne 66 
qacTHU .l(O 

28
Mg [1]. BepoHTHOCTh JrlnyqeHIDI qacTHU c. 6onnmoii 

MaCCOM e8
Mg) oqeHb MaJia, HO HX o6pa3oBaHHe B B036y)K.l(CHHOM 

COCTOHHJIH cymeCTBCHHO YBCJinqnBaeT BbiXO.l( :nux 4JparMeHTOB,
6 

3To He3HaqnTeJibHO BJIHHCT Ha ceqeHne o6pa30BaHIDI npo.l(yKTOB 

pacmeiiJieHIDI nOCKOJibKY nOJIHOC ceqeHne o6pa30BaHIIJI :nux qacTHU 

oqeHb Mano no cpaBHCHHIO c noJIHbiM ceqenneM peaKnnn. YqeT 

· TaKHX qaCTHU oqeHb Ba)I(CH .l(JIJI pemeHHH npo6JieMb~ pa36yxaHIDI B 

MaTepnane KOHTeiiHepa B ADS-cncTeMax. TaKHM o6pa30M, HOBM 

nporpaMMa CASCADE [1] o6ecneqnBaeT B03MO)I(HOCTb Bbi6opa 

. qncna HCnapHIOIUHXCH qaCTHU B COOTBeTCTBHH C npo6JICMOM. 3To 

3KOHOMHT BpeMH, 3aTPaqHBaeMOC Ha reHepaUHIO 60JiblliOrO qncna 

ncnapHIOIUHXCH qacrnu. 

2) QqeHb Ba)I(HO C.l(eJiaHHOe B HaCTOHmeii pa6oTe 

YCOBepmeHCTBOBaHHe MO.l(eJIH .l(eJieHHH TH)I(eJibiX H.l(Cp. 3.l(CCb 

HCnOJib30BaHbl pe3yJibTaTbl pa60Tbl
7 

.l(JIJI onpe.l(eJICHIDI 6apbepa 

.l(eJICHIDI H BepOHTHOCTH .l(eJICHIDI. 3TO n03BOJIHJIO 3HaqnTeJibHO 

COKpaTIITb BbiXO.l( <lJparMeHTOB, HO He .l(aJIO Xopomeii OUeHKH 

ceqeunii <lJparMeHTOB .l(eneHIDI H TaK)I(e He ycTPaHHJIO .l(ByxnnKoBoii 

CTPJKTYPbl BbiXO.l(OB npO.l(JKTOB .l(eJieHIDI B o6nacTH aKTHHH.l(OB. 

~OnOJIHHTeJibHO HCnOJib30BaJiaCb CTaTHCTHqecKM TeOpiDI .l(eJieHIDI 

<l>onra (MO.l(eJib TOqKH pa3.l(CJieHHH C YCJIOBHeM nOJIHOrO 

paBHOBeciDI). Mo.l(eJib onpe.l(eAACT BepoHTHOCTb · B03MO)I(Horo 

.l(eJieHIDI H.l(ep c MaccoBbiM qncnoM A c noMOIUbiO nnoTHOCTH 

.KBaHTOBbiX cocTOHHHii c o6meii 3Heprneii B036ylK.l(eHIDI E. llonHM 

IIJIOTHOCTb KBaHTOB:hlx cocroHnnii H.l(pa A, pacna.l(aiOmerocH Ha 

<lJparMCHThi At c 3Heprneii B036y)K.l(eHIDI E1 n Az c 3Heprneii 

B036y)K.l(eHIDI E2, BbiqncAACTCH KaK npon3Be.l(enne IIJIOTHOCTeii 

6
W.A. Friedman and W.G. Lynch, "Statistical Formalism for Particle Emission," 

Phys. Rev. C 28 (1983) 16. 
7
W.D. Myers and W.J. Swil!tecki, Phy. Rev. C 60 (1999) 014606. 
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~ 

ypOBHeii <lJparMCHTOB .l(eJICHHH. fiJIOTHOCTH ypOBHCM <lJparMeHTOB 

.l(eJieHIDI 3a.l(aBaJIHCb B CJie.l(YJOIUCM BH.l(e: 

Q(E1) = c 1 exp(2..ja1E1). 

Q(E2 ) = c 2 exp(2..ja2E 2 ). 

(5) 

(6) 

Mo.l(eJib npe.l(nonaraeT, qTo BO BpeMH .l(CJICHIDI ycTaHaBJIHBaCTCH 

paBHOBCCHe H qTo B TOqKe pa3.l(eJICHIDI TCMne~aTypa <PparMCHTOB 

O.l(HHaKOBaH: El : Ez = a/T : azr = al : az 
(7) 
Tor.l(a H3 (5) - (7) MO)I(HO nonyqHTb o6my10 nnoTHOCTb KBaHTOBbiX 

COCTOHHHM: 

Q(E) = c 1c 2 r exp(2.J(a1 + a 2 )(E1 + E 2 ) )dE1 • (8) 

·E=Et+Ez. 

3HepriDI B036y)K.l(CHIDI .l(eAAmerOCH H.l(pa BbJqHCAACTCH CJie.l(yiOIUHM 

o6pa3oM: E = M*(A, Z)-M(At. Zt)-M(Az, Zz)- eynoHOBCKM 3HeprnH 

- 3HepriDI .l(e<lJopMaunn. KynoHOBCKM 3HepriDI BbJqncnHnacb 

CTaH.l(apTHbiM o6pa30M. 3HepriDI .l(e<lJopMaUHH BblqHCJIHJiaCb B 

COOTBCTCTBHH C KaneJibHOM MO.l(eJibiO. Mbl yqJIH TaK)I(e COXpaHCHHC 

yrJIOBOrO MOMeHTa npn nO.l(CqCTe BepOHTHOCTH .l(eJI·CHIDI, XOTH 3TOT 

<lJaKTOp He HBJIHCTCH cymeCTBeHHbiM B cpaBHCHHH C 3KCnOHCHUHa

JibHbiM <lJaKTOpOM (8)~. 
KaK H3BCCTHO, noporoBbie 3Heprnn MH CHMMCTPHqHoro n 

aCHMMerpnqHOrO .l(eJICHHH pa3JIHqHbl, n03TOMY 3TH .l(Ba Tnna 

peaKunii HCJib3H paccMaTPHBaTb npocTo KaK CMecb cocTOHHHii, 

onpe.l(eneHHbiX Ha oc~oBe O.l(HHX H Tex · )l(e BepoHTHOCTHbiX 

coo6pa)l(eHnii. KoHKypCHUHIO pa3nnqHbiX KoM6nHaunii ocKOJIKOB 

.l(eJieHIDI B 3aBHCHMOCTH OT 3HeprHH B036y)K.l(CHIDI pacna.l(aiOmerOCH 

H.l(pa MO)I(HO 06'bHCHHTb BJIHHHHCM TeMnepaTypHOM 3aBHCHMOCTH 

o6onoqeqHbiX 3<lJ<lJeKTOB. flpH 3TOM npe.l(nOJiaraTb, qTo BepOHTHOCTb 

<lJopcHpOBaHIDI CHMMeTPHqHOM HJIH acHMMerpnqnoii KOH<lJHrypaunii 

OCKOJIKOB npOHCXO.l(HT paHblliC KOHKypeHUHH pa3JIHqHbJX 

CHMMCTPMHbiX HJIH aCHMMeTPHqHbiX MO.l( B TOqKe pacna.l(a H.l(pa. 

BcJie.l(CTBHe 3TOrO BMeCTO anropHTMa, HCnOJib3YCMOrO . B CTapoii 

Bepcnn KO.l(a · CASCADE JVUI pacqCTa KOHKypHPYJOIUHX nap 

OCKOJIKOB · .l(eJieHIDI, Mbl OCHOBbiBaJIHCb Ha BblqHCJICHHH nOJIHOM 

IIJIOTHOCTH B036yJK.l(eHHbiX COCTOHHHM, onpe.l(eJIHCMOM 

npOH3Be.l(CHHeM IIJIOTHOCTeii ypOBHeii o60HX OCKOJIKOB: 
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E . 

Q(A1, A2 ) ~ f exp(2~a1 (E1 - 8) )exp(2~a2 (E- £ 1 --:- 8) )dE1 (9) 
0 

PeJyJILTaThi 3TIIX yeoneprneHeT!lonaHIIH npe,D,eTanneHhi Ha p1Ie. 1 -3. 
·1000~---------------------------------------------
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. P1Ie. 1. CpanHemie Maeeonoro ;.aenpe,D,eneHII», BbJqiieneHHoro )J.JUI 

peaKU.IIII p (0,8 r3B) + 19 Au e TIOMOIUbiO eTapoii nepeiiii 
' 1 ' ' 

nporpaMMHoro KO,D,a CASCADE (CASCADE_old) II HaeTO»IUeii 
nepeiiii (CASCADE_present), e 3Kenep1IMeHTaJibHbiMII • ,D,aHHbiMII 
GSI8 . 

KaK BII.D.HO II3 p1Ie.1, yeonepiiieHeTBOBaHIIe MO,D,eJIII 
IIenapeHIDI noMoraeT oniieaTb ceqeHIIe n o6naeTII my6oKoro 
paemeTIJieHIDI (eM. npaBbiH p1Ie.). IIonHoe 3Kenep1IMeHTaJibHoe 
eeqeHIIe paemeTIJieHIDI panHo 1715 ± 400 M6, a eomaeHo pacqeTaM e 

· TIOMOilJ,biQ CASCADE - 1730 M6. OniieaHIIe ceqeHII» ,D,eJieHIDI :raKJKe 
. 3HaqiiTeJibHO ( CM. JieBbiH p1Ie. ). IlOJIHOe 3KenepHMeHTaJibHOe eeqeHHe 
,D,eJieHIDI paBHO 65 ±1 0 M6, a eornaeHO paeqeTaM C TIOMOIUbiO 
CASCADE- 62 M6. . 

8 
J. Benlliure, P. Armbruster, M. ·Bernas, A. Boudard, J. P. Dufour, T. 

Enqvist, R. Legrain, S. Leray, B. Mustapha, F. Rejmund, K.- H. Schmidt, C. 
St'ephan, L. Tassan-Got, C. Volant, Nucl. Phys. A 683 (2001) 513; F. 
Rejmund, B. Mustapha, P. Armbruster, J. Benlliure, M. Bernas, A. Boudard, 
J.P. Dufour, T. Enqvist, R. Legrain, S. Leray, K.-H. Schmidt, C. St'ephan, J. 
Taieb, L. Tassan-got, C. Volant, Nucl. Phys. A683 (2001) 540. 
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P1Ie. 2. C:EaBHeHIIe Maeeosoro paenpe,D,eneHIDI, BbJIIHeJieHHoro .D.llil 
peaKUIIII 

8U + p (1,0 r3B) e TIOMOIUbiO eTapoii nepeiiii KO,D,a CASC
ADE1 (CASCADE_old) II HaeTo»meii nepeiiii (CASCADE_present), 

9 . 
c 3Kenep1IMeHTaJibHbiMII ,D,aHHbiMII GSI 

Ha p1Ie. 2 noKaJaHo, qTo HOBM nepeii» nporpaMMbi 
CASCADE nyqiiiee noenpo1I.3BO.D.IIT ceqeHIIe paemenneHIDI (eM. 
JieBbiH p1Ie.), HO ,D,aeT 3aBbiiiieHHYIO OUeHKY ceqeHIIH B6JIII31I 
Maeeonoro qiiena MIIIIIeHII. IlonHoe 3Kenep1IMeHTaJibHOe eeqeHIIe 
paeme'TIJieHIDI eoeTaBJUieT 460 M6, B TO BpeMH KaK eornaeHO 
nporpaMMe CASCADE OHO coeTaBJUieT 740 M6. B cnyqae IIenapeHII» 
THJKeJibiX qaCTIIU (T»JKeJiee 4He) pe3yJibTaTbl HeeKOJibKO nyqiiie (eM. 
p1Ie. 3), HO B 3TOM enyqae CASCADE ,D,aeT JaBbiiiieHHYIO oueHKY 
ceqeHIDI n o6naeTII rny6oKoro paemeTIJieHIDI. Bll)J.HO, qTo eeqeHIIe 
BbiXO,D,a THJKeJibiX qaeTHU eymeCTBeHHO B03paeTaeT . 

9 
M. Bernas, P. Armbruster, J. Benlliure, A. Boudard, E. Casarejos, S. Czajkowski, 

T. Enqvist, R. Legrain, S. Leray, B. Mustapha, P. Napolitani, J. Pereira, F. Rejmund, 
M. V. Ricciardi, K.-H. Schmidt, C. St'ephan, J. Taieb, L Tassan-Got, C. Volant, 
Nucl. Phys. A 725 (2003) 213-253 I arXiv nucl-ex/0304003; J. Taieb, K.-H. 
Schmidt, L Tassan-Got, P. Armbruster, J. Benlliure, M. Bernas, A. Boudard, E. 
Casarejos, S. Czajkowski, T. Enqvist, R. Legrain, S. Leray, B. Mustapha, M. 
Pravikoff, F. Rejmund, C: Stephan, C. Volant, W. Wlazlo, Nucl. Phys. A 724(2003) 
413. 
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3HaqHTenbHoe ynyqrneHHe · MO)KHO · Ha6mo.naTb B paiioHe 
.neneHIDI, r.ne BbiXO.l{ llpO.l{}'KTOB .l{eneHIDI HMeeT O.l{HOTIHKOBYJO 
eTPyKTYPY (eM. pHe. 2, paiioH 2). IIonHoe 3KenepHMeHTanbHOe 
eeqeHHe .neneHIDI eoeTaBJUieT 1530± 150 M6, a eornaeHo nporpaMMe 
CASCADE- 1255 M6. B ornorneHHH HcmipeHmi Tj{)KenhiX qaeTHn 
eeqeHHe .neneHIDI oeTaeTej{ TaKHM )Ke (eM. pHe. 3). IIporpaMMa 
CASCADE Bee eme H~aeTej{ B .nopa6oTKe B oTHOIIIeHHH 
BbieOKOaeHMM~HqHoro MaeeOBOrO paenpe.neneHIDI (eM. pH e. 2, 
paiioH 3). .J 
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PHe. 3. C~aBHeHHe MaeeoBoro paenpe.neneHIDI, BbiqHeneHHoro .llJUl 
peaKqHII 

38U + p (1.0r3B) e i::IOMOiqbiO naeTOHiqeM BepeHH 
nporpaMMbi CASCADE .llJUl HenapHIOinHXeH qaeTHn .no 4He 
(CASCADE_He4), .llJUl HenapHIOiqHXeH qaeTHq .no ' 12C 
(CASCADE:=_C12) H · .llJUl HenapjJIOiqHXej{ qaeTHn 

8 
.no 28Mg 

(CASCADE_mg), e 3KenepHMeHTanbHbiMH .naHHbiMH GSI , 
Ha oeHoBe pa3.neneHIDI MPO-H.nepHbiX B3am.m.neiieTBIIM Ha 

neHTPanbHbie, e ManbiM napaM~OM y.napa, II nepmpepHqeeKHe M 
Mx pa3.nenbHoro cpeHoMeHonornqeeKoro onHeaHHH ecpopMynHpoBaHo 
aHanHTHqeeKoe Bblpa)KeHIIe .l{JUI HHTerpanbHbiX eeqeHHM ynpyrHX H 
HeynpyriiX B3aHMO.l{eMeTBIIM H.l{ep. fiYTeM aHanH3a IIMeiOiqHXeH B 
3TOM o6naeTII 3KenepHMeHTanbHbiX ,l{aHHbiX onpe.neneHbl KOHeTaHTbl, 
llpHrO.l{HbiM ,nllii OTIHeaHIDI B3aiiMO.l{eMCTBHM KaK nerKIIX, TaK H TH

)KenbiX H.nep (no.npo6Hee eM. B [7]). 
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B rnaBe 3 paeeMaTPHBaiOTeH BOnpoebi MaTeMaTHqeeKoro 
MO,l{enHpOBaHHH pa3nlfqHbiX eHeTeM MHIIIeHeM B paMKaX npHMeHe
HJijl nporpaMMbi CASCADE. lhyqeHbi xapaKTepHeTIIKH eHeTeMbi 
MHIIIeHeii W, Pb, Bi H U (o6mHii HeMTPOHHbiM BbiXOJJ., pa.niianbHoe H 
npOeTPaHeTBeHHOe paenpe.neneHHe BbilleTaiOiqHX HeMTPOHOB, 
paenpe.neneHHe TennoTbi, o6pa3)'IOmeroej{ BHYTPH MIIIIIeHH). B 
Ta6nHne 1 npe.neTaBneno epaBHeHHe o6mero HeiiTPOHHoro Bbixo.na, 
o6pa3yiO~qeroeH B eBHHqOBOM H ypaHOBOM MHIIIeHj{X, e 3KenepHMe
HTanbHbiMH ,l{aHHbiMH [2, 5, 8]. 
Ta6llulJa 1. CpasHeHue pacqeTHoro BLIXOJJ.a neii:Tpon~B na nr,oTon 
c 3KcnepHMCHTaJibHbiMH pe3yJILTaTaMH }J.JIH CBHHqOBOM eo Pb) H 
ypaHOBOH (238U) MHWeneii ]J.JIHHOH 61 CM BO B3aHMOJJ.CHCTBHHX C 

~ E (r3B) ... .,_ .... -.............. -____ .., ...... _ .. _ 
E,f3B 0,47 0,72 0,96 1,47 

CBHHI.IOB3H MHlliCHL ('"'·'Pb) 

2R 10,2 20,4 10,2 20,4 10,2 20,4 10,2 20,4 . 
3KcnepH· 8±0,4 8,7±0,4 11,8±0,6 13,9±0,7 16,6±0,8 20,3±1:1 26.4±1,3 31,5±1,6 

MCHT 

CASCADE 7,1 7,4 12,0 14,2 17,5 20,7 27,9 30,9 
YpaHOBaJI MHlliCHL (" U) 2R-20,4cM 

3KcnepH· 18,1±0,9 29,1±\.5 40,5±2,0 56,8±2,8 
MCHT 

CASCADE I 14 1 28 I 38 I 60 

KaK BH.llHO H3 Ta6n. 1, pe3ynhTaTbi HaxO.l{HTeH B eornaeHH 
3KenepHMeHTanbHbiMH .naHHbiMH. TeM He MeHee, CASCADE .naeT 
enema 3aHH)KeHHYJO oqeHKY BbiXO.l{a HeMTPOHOB npH HH3KHX 
3HepriDix. 

!• 

OT.nenbHO ueene.noBaH Bonpoe o6 onTHManbHoii 3HepruH nyqKa. 
fiOKa3aHO, qTQ :mepriDI npOTOHOB, OTITIIManbHM .l{JUI Bbl,l{eneHJijl 
TennOTbl H era paenpe.neneHJijl BHYTPH MHIIIeHH, eoeTaBJUieT -1.5 
r3B. flpH 6onee BbleOKHX 3HepriDIX He npOIIeXO.l{IIT eymeeTBeHHOrO 
yseniiqeHJijl TeTinOBbl.l{eneHIDI, ll03TOMY HeTIOllb30BaHHe BbieOKHX 
3Heprnii B03MQ)KH0 TIO TeXHUqeeKHM HnH KOMMepqeeKHM llpHqHHaM. 

Ba)l(Hoe 3naqeHHe HMeiOT paeqeTbi paenpe.neneHJijl Tenna B 
oxna)K,l{aiOmeii eHCTeMe II MaTepHane KOHTeiiHepa. Ha pHe. 4 
npe.neTaBneHo Haii.zleHHoe paenpe.neneHHe TennoTbi B.nonb MHIIIeHH 
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,AllH CBHH:QOBOH H BHCM)'TOBOH MHIIIeHeii. PeJyllbTaTbl pacqeTOB 

cornacyiOTCH C 3KCnepHMeHTanbHbiMH ,AaHIIbiMH B npe.n;enax 
3KCnepHMeHTanbHblX OIIIH60K10 •. 

·"'!·..: 
z• -f ~ :_ • -·-~=~~-=v -:- ~=,.7;,~~-=v 

, .. 

Z(JW.) 

I .. 
!.. 
.... 

--·-~::;-~:;,·&~~=:v 
• E•....-'-"' ,_za.v 

- • - C: .... CADE '..ZO.V 

z(':,.., 

PHc. 4. CpaBHeHHe 3KcnepHMeHTanbHoro pacnpe.n;eneHHH Tenna BHY

TPH CBHHQOBOH H BHCM)'TOBOH MHIIIeHeii pa3MepHOCTH (2RxL = 20 CM 
X 60 CM) B,AOllb MHIIIeHH (Z) C pacqeTHbiMH ,AaHHbiMH nporpaMMbl 

CASCADE ~ 

PaccMOTPeHo BllHHHHe napacpHHOBoro H rpacpHTOBoro JaMe,AnHTeneii 
B 3KCnepHMeHTanbHOH ycTaHOBKe (GAMMA-2)

11 
(pHc. 5). 3Ta 

ycTaHOBKa HcnonbJyeTCH .n;nH HJyqeHHH TPaHcMyraUHH H nonyqeHHH 

cneKTPa HeHTPOHOB. 

p 

sa.mpl~ 

PHC. 5. 3KcnepHMeHTanbHaH ycTaHOBKa CO CBHHQOBOH MHIIIeHbiO H 

napacpHHOBbiM JaMe,AnHTeneM 
Ha pHc. 6 noKaJaHo BnHHHHe napacpHHOBoro H rpacpHTOBoro JaMe.n;

mueneii Ha cneKTPbi HeiiTPOHOB. 

10 
C. H. M. Broeders, A. Yu. Konobeyev and A. A. Travleev, KERNTECHNIK 69/3 

(2004)99. . 
II 

J. S. Wan et al, Nucl. Inst. and Meth. Bl55(1999) 110. 
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PHc. 6. CneKTPbi HeiiTPOHOB Ha noBepxHoCTH QHnHH,ApHqecKoii 

ycTaHOBKH npH o6nyqeHHH npOTOHaMH c 3HeprHeii E = 1,0 r3B. 
ToqeqHaH rHcTorpaMMa - pacqeTbi .AflH ycTaHOBKH c rpaqmTOBbiM 

MO,AepaTOpOM. rHCTOrpaMMbl, • npe,ACTaBneHHbie TOllCTblMH H 
TOHKHMH rHCTOrpaMMaMH - ,AllH CBHHQOBOrO HCTQqHHKa pacmemie
HHH 6e3 MO,AepaTopa H ,AllH ycTaHOBKH C napacpHHOBbiM 

JaMe,AnHTeneM. Bee .n;aHHbie .AflH cnoH, OTCTOHIUero OT HaqanbHOii 

TOqKH CBHHilOBOH MHIIIeHH Ha paCCTOHHHH /),Z = 4,5 - 6,0 CM 

Ha pHc. 6 noKaJaHo, qTo B cnyqae napacpHHOBoro 

JaMe.n;nHTenH 6onee 70 % HeiiTPOHOB o6na~aiOT 3HeprHeii ~10-7 M3B. 

TaKHe HeiiTPOHbi OTC)'TCTBYIOT B cnyqae rpacpHTOBoro JaMe,AnHTenH 
TOlliUHHOii 6 CM, HO noH:pnHIOTCH npH YBenHqeHHH TOlliUHHbi 
JaMe,AllHTenH ,AO 30 CM [5]. C llOMOIUbiO noporOBblX ,AeTeKTOpOB 3TH 

HeHTPOHbl Hellb3H Ha6niO,AaTb, HO OHM oqeHb Ba:>KHbl ,AnH 

TPaHcMyraUHH { (n, y)-peaKUHH}. 
PaccMOTPeHa ycTaHOBKa U/Pb, HaJBaHHaH "3HeprHH+ TpaH

cMyraUHH"12 H HaXOMIUaHCH· B JIB3 OJUIH, ,D;y6Ha. YCTaHOBKa 

.n;onycKaeT ,AByx-, qeTbipex- H ,AeBHTHCeKUHOHHble c6opKH[4, 5, 9]. 
Ka)K,AaH ceKUHH co.n;ep:>KHT 30 HaTYPanbHbiX ypaHOBbiX cTep:>KHH 

(06IUHM BeCOM 51,6 Kr), Ka)K,AbiH C pa3MepaMH 2R = 3,6 CM H L = 10,4 
eM, noKpbiTbiX aniOMHHHeM, co.n;ep:>KaiUHM 1, 72 Kr ypaHa. CeKUHH 

pa3,AeneHbl npOMe:>K)'TKOM B 0,6 CM ,AnH pa3MeiUeHHH ,AeTeKTOpOB 
HJnyqeHHH H llOKpbiThl aniOMHHHeBbiMH nnaCTHHaMH TOlliUHHOH 0,45 

eM Ha KoHuax. C6opKa noMemeanacb Ha onopy H JaiUHIUanacb 

npOTHBOpa.n;HaUHOHHblM 3KpaHOM, CO,Aep:>KaiUHM CllOH Ka,AMHH 

TOlliUHHOH 0,1 CM H TOllCTbiM (HeCKOllbKO ,AeCHTKOB CaHTHM~OB) 
cnoeM nonH3THneHa. Ha PHc. 7 noKaJaHa .n;ByxceKUHOHHaH c6opKa. 

12 M. I. Krivopustov et al. Kemtechnik 68(2003)48. 
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PH c. 7. CxeMa .nsyxceKUHOHHoii c6opKH c 30 ypaHOBbiMH 

CTep)KIDIMH, , OKpj')KaiOIQHMH UH.JIHH)lpHqecK)'IO CBHHUOBYIO MHIIIeHb 

C pa)lllyCOM 4,2 CM 

Ha pHc. 8 npe,ncTasneHbi cneKTpbi BhlneTaiOIUHX Heii1pOHOB B 

ToqKe MaKCHManbHoro Bblxo.na Heii1pOHOB s,nonli Mii'rneHH ,nn.s~ U/Pb

ycTaHOBKH 6e3 3aiQHTHOrO 3KpaHa npH 3HeprnH HaneTaiOIQHX 

npOTOHOB 2 r3B )ln.si .nsyx c6opoK. KaK BH)lHO, c ysenHqeHHeM 

KOnHqecTBa ceKUHH cyiQecTBeHHoro ysenHqeHH.si qHcna Heii1pOHOB 

He npoHcxo,nHT. TaKHM o6pa30M Hccne,nosaHHe ,neB.siTHCeKUHOHHoii 

c6opKH He ,nacT oco6biX npeHMYJUeCTB no cpasHeHHIO c 

HCClle)lOBaHHeM )lByxceKQHOHHOH c6opKH, CTOHMOCTb KOTOpOH 

CYJUeCTBeHHO MeHbiiie. 

Ha pHc. 9 noKaJaHo BnH.siHHe onopbi ycTaHOBKH Ha cneKTpbl 

HeH1pOHOB. BH)lHO, qTo OKOllO 10 ,% HeH1pOHOB HMeiOT 3HeprHIO 

· MeHbiiie 10 K3B, a 80 % HeH1pOHOB HMeiOT 3HeprHIO B )lHaTiaJOHe OT 
10 K:JB .no 20 M:JB. 
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1 
J 

j 

J 

o/p 
Ir--.---.---,---.--,---~-, 

to-• 

to-' 

to-l 

to' 
E(UeV) 

Jo-~ ;---~~~,---~--~--~~--~JI I 
to-~ 

Puc. 8. 3nepreTll'IeCKHe cneK'Iphi 
ueihponos, nepeceKaiOIUHX 
llllOIUa.zlKY 6X 1,5X 13,0 CM 2 

pacnonoiKeHHYIO uasepxy ypanosoro 
llOKphiTIDI ycTaHOBKll 6e3 OllOphl. 
TonKaJI H ToncThle rncrorpaMMhl -
ClleK'Iphl ,ll.IDI 2-ceKl(llOHHOH If 9-
CeKl(HOHHOH c6opOK, 
COOTBeTCTBeuuo. 

n/p 
lr-~.--r-.--r-.--.-.~--~~ 

to-1 

to-4 to4 to-2 1 102 

E(l!oV) 

Puc. 9. 3nepreTuqecK~e cneK'Iphi 
neii'IpOHOB, nepeceKaiOIUHX 

nnoma.llKY 6 X 1,5 X 13,0 CM 2 
• 

pacnonoiKeHHYIO uasepxy ypanosoro 
llOKphiTHH ycTaHOBKll C onopoif. 
TonKaH H TOllCThie rucrorpaMMhi -
ClleK'Iphl ,llllH 2-CeKl(HOHHOH H 9-
ceKl(llOHHOH c6opOK, 
COOTBeTCTBeHHO 

KaK 6nmo nOKaJaHo, _ ,neB.siTHCeKUHOHHM c6opKa He HMeeT 

npeHMYJUeCTB Ha,n )lByxceKUHOHHOH, a )lByx CeKQHH He)lOCTaToqHo, 

qT06bi OCTaHOBHTb BbiCOK03HepreTHqecKHe npOTOHhl B BeiQeCTBe. 

il03TOMY Mbl paCCM01pemi qeTbipexceKUHOHHyiO c6opKy KaK 

OllTHManbHbiH BapHaHT (6onee TIO)lp06HO CM. B [4]). HH)Ke Ha pHC. 

< lQ..:-11 TIOKaJaHbi pa,nHanbHbie CTieKTpbi HeH1pOHOB Ha 

6oM6ap,nHpyiOIUHH npOTOH C 3Heprneii 1,0 r3B )ln.si 

qeTbipexceKUHOHHoii c6opKH. H)')KHO 3aMeTHTb, qTo pe3Koe 

B03pacTaHHe B o6nacTH 10 M:JB CYJUeCTByeT B ueH1panbHoii qacTH 

MHIIIeHH, HO 3TO He CBOHCTBeHHO )ln.si TIOBepXHOCTH ypaHOBOrO 

noKpbiTH.si. PaJHHUbi B cneKTpax ,no · H nocne BTopoii ceKUHH 

npaKTHqecKH He CYJUecTByeT •• 
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o/p 
1o-• 

10-2 

10-3 

10-.1 \ 
JO-~ L----'------'-----L-----'-----

10-1 I 101 10' 1D' 10' 
E illeV) 

Puc. 10. CneK'Iphi ueihpouoB Buyrpu 
KOllhUa Me)K,uy pa,uuycaMu R 1 = 0 u 
R2 = 1 CM ,UO H nocne BTOpoii CeKUUU 
,UJIJI ycTaHOBKH 
"3uepru"+ TpaucMyrauu"" 
(rnCTorpaMMhi, o6o3Ha'leHHhie 
uenpepblBHOH H TO'le'lHOH llHHU"MU 
npe,ucTaBn"IOT ,uo u nocne BTopoii 
CeKUHH) Ha nepBH'lllblH npOTOII H flO 
o6naCTh KOnhua 

10-l 

10
4 ~ 1. 

10-~ ..... 

10 ... 

·10-1'----i----L---L--~----L-__J 

.J 10_. 10_. 10..., JQ-2 I 102 10' 
EtlJ.e\'} 

Puc. 11. CneK'Iphl HeiirpoHoB Buyrpu 
KOllbUa Me)K,lly pa,uuycaMU R 1 = 10 H 
R2 = 11 CM ,UO H nocne BTOpoii 
CeKUUH ,UJIJI yCTaHOBKU 
"3uepr""+ TpaHcMyrauu"". Bee 
o6o3Ha'leHH" TaKue )Ke KaK Ha puc. 
10 - ... 

B rnaoe 4 paccMarpHBaeTc» BOCCTaHoBneHHe cneicrpa 
HCM'IpOHOB no .n;aHHbiM aKTHBaUHOHHbiX noporOBbiX JJ:eTCKTOpOB. 
Ilpe)KJJ:e Bcero, paccMa-rpHBaeTc» npoue.rcypa o6pa6oTKH .n;aHHbiX 
.n;eTeKTopoB - onpe.n;eneHHe cKopocTeii peaKUHii. 3aTeM npe.n;cTaBneH 
npocToii MCTOJJ: onpe.n;eneHH» cneicrpa Heii-rpoHOB. .D:ereKTopbi 
co.n;epJKaT ».n;pa 209Bi, 197Au, 59Co, 

115
1n H 

232Th, .KOTOpbie 
aKTHBHpOBanHCb C nOMOIUbiO pa3nHqHbiX peaKUHM -- (n, xn), (n, 
xnyp), (n, p), (n, y). B 3KcnepHMeHTe. pemc-rpHpoBanucb 
peHTreHOBCKHe H y-cneK-rpbi B036y)KJJ:CHHbiX ».n;ep. CKopocTb 
Hapa60TKH ».n;ep onpe.n;en»naCb C nOMOIUbiO MeTOJJ:OB y
cneicrpOCKOnHH c yqeTOM nonpaBOK Ha 3cl>cl>eKTHBHOCTb HPGe 
JJ:CTCKTOpOB, CYMMapHOrO 3cl>cl>eKTa COBna.n;eHHM, 3cl>cl>eKTOB 
nornoiUeHH», a TaKJKe cl>nYKTYaUHH HaneTaiOIUero nyqKa BO BpeM» 
3Kcno3HUHH. CornacHo 3TOMY Mero.n;y cKopocTb peaKUHH .n:n» 
OCTaTOqHoro ».n:pa a (Ra(E(j), i)) .n;n» j-oii raMMa-nHHHH c 3Hepmeii 
E(j ), c yqeToM MepTBoro BpeMeHH, MOJKeT 6biTb npe.n;cTaBneHo B 
BH.n;e: 

S7(E7,j)A;1 (E
7
(j))B.C .(E7(j))A.. t,..f.i 

R.(E (j),i) = 1
u ... • (10) 

r N,.,,.,e;b• (E
7
)/ 

7
(E

7
(j))N P (1-exp -..!.•, )exp -..!.•,, (1- exp -..!.•...,_,) 
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r.n;e S(E(j), i)- qHcno raMMa-KBaHTOB c 3Hepmeii E(j), 3anHcaHHbiX B 
i-oM cneK-rpe, 'Aa - KOHCTaHTa pacna.n;a (s-1), &yabs - a6coniOTHa» 

3cl>cl>eKTHBHOCTh .n;n» E(j), /y(E(j))- HHTCHCHBHOCTb raMMa-pacna.n;a C 

3Heprneii E(j), t1 - BpeM» o6nyqeHH», t2- Bpel\:UI oxna)KJJ:eHH», treal H 
tuve - peanbHOC Bpel\:UI H JKHBOC BpeM» COOTBCTCTBYJOIUHX H3MepeHHM, 

Np - qHcno npoTOHOB B CeKYHJJ:y, Nrarget - qucno aTOMOB B o6pa3ue, 
Ba - nonpaBKa Ha cl>nYKTYaumi nyqKa H npepbiBaHH» B npouecce 
o6nyqeHH», Ca( E(j)) - cyMMapHa» nonpaBKa no coBna.n;eHH»M, 
Ac(E(j))- nonpaBKa Ha ocna6neHHe, Ra(E(j), i)) - CKopoCTh peaKUHH 
B e.n;HHHuax - npoTOH-1.aTOM-1. EonbiiiHHCTBO H3 3THX BenHqHH 

npe.n;cTaBnCHO B paJnHqHblX H3JJ:aHH»X, He06XO.n;HMbiC HaM BCnHqHHbl 
.n;aHbi B Ta6n. 2. 

IlOTOK npOTOHOB Ha MHIIICHb onpe.n;en»nC» 3KCnepHMCHTa

llbHO. B, 3KcnepHMCHTe nyqoK npoTOHOB . MOHHTOpHpoBanc» c 
nOMOJUbiO TOHKOM aniOMHHHCBOM cl>onbm, pacnonoJKCHHOM Ha 
paCCTO»HHH 60 CM JJ:O MHIIICHH BO H36eJKaHHe BllH»HH» o6paTHo
paCCC»HHbiX Heii-rpoHoB H3 MHIIICHH. llHTeHCHBHOCTb npoTOHOB 
(10.90(65)108 

ceK-
1 

) 6hma Haii.n;eHa no peaKUHri 27 Al(p, 3pn)24Na rrpH 
Hcnonb30BaHHH cooTBCTCTBYJOIUero ceqeHH» 10.5(5) mb. 

Haii.n;eHHbie CKopocTH peaKUHii .n;n» 3KcnepHMeHTa GAMMA-
2 npe.n;cTaBneHbl B Ta6n. 2, r.n;e Ey - 3HeprH» raMMa-HKBaHTOB, ly -
HHTCHCHBHOCTh HcnycKaHH» raMMa-nyqeii Ha pacna.n;, T112 - nepHOJJ: 

nonypacna.n;a ocTaToqHbiX ».n;ep. Ilpe)J;cTaBneHHbie ornH6KH 
BKniOqaiOT CTaTHCTHqecKHC OIUH6KH BXOJJ:HbiX .n;aHHbiX H reOMeTpHH 

.n;eTeKTopa H ornH6KH B ceqeHH»X peaKUHH 27 Al(p, 3pni4Na, KOTOPYIO 
Mbi nonaranH paBHoii 6%. Cpe.n;HIIe cKopocTH peaKUIIH onpe.n;en»nHCb 

.n:n»_ cnyqaeB, Kor.n;a .n;Be IInH TPII nHHHH Ha6niO.n;anHCb .n;n» o.n;Horo H 
Toro JKe H30Tona. B 3TOM cnyqae yqHTbiBanHcb TOnbKO 
CTaTHCTHqecKHC norpeiiiHOCTII. 

Ta6JIU1fa 2. 3KcnepHMCHT3JILHLIC CKOpOCTH peaKnHH H cf>aKTOpLI 

----- --:-~--- ___ ..... .-------- ---
Mmnem.lllpoli)'Kl' Efh, Tuz E,. ly.% B. Ac c. R'·~ llorp. 

M3B JOB (E) (E) 10' 9 +% 
"VYBi (n, 4n)''""Bi 22,55 6,243d 803,1 98,9 1,0 0,90 1,34 6,77 7 

881,01 66,2 0,91 1,28 6,82 8 

209Bi (n; 5n) 205Bi I 29,62 
BJnerneHHoejfeAHee 6,79 7 

15,31d I 703.4 I 31,0 1 1,o o,89 I 1,10 4,45 8 
'· I I 987,6 I 16,1 I I o,94 I 1.00 3,94 10 

---------·--·--
BJnerneHHoe cpeAHc:l; 4,25 7 
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Ta6nnua 2: (npo~oniKeHne) 

"""209Bi (n, 6n)'04Bi I 38,13 11,30h 899,2 I 99,2 I o,95 I 0,91 I 1,4o 
I 983,98 I 58,8 I I o,92 I 1.11 

B3BeweHHOe cpeA!le 
"""2IWBi (n, 7nl'"JBi T 45,37 11,76h I 820,5 I 29,7 I o,95 I o,90 I 1.21 

T 825,2 I 14,6 I I o,91 I 1,11 
B3BerneHHoe cpe.r~He 

-zwBi(n, 9n) 201Bi I 61,69 1.8h 629,1 I 24,0 I 0,75 I o,87 I 1.02 
2J"Th(n, -v)li3Th I 6,961d 300,12 I o6,6 I 1,o I 1.0 I 1,06 

I 311,98 I 38,6 I · I 1,o I 1,15 
·"' B3neweHHoe cpeAHe 

A.Jf9T(n, 2n) Au190 I 8113 6,183d 355,73 I 87 I 0,99 I 0,87 I 1,08 
I 333,03 I 22,9 I o,86 I 1,32 

B3neweHHoe cpe.r~He 
Au197(n, 4n) Au"' T 23205 38,02h 328,4 I 60 I o,98 o,85 I 1,41 
Au197(n, 6n) Au"' T 38939 4,94h 296,0 I 22,3 I 0,89 0,87 1,67 

I 316,5 I 58,0 I 0,85 I 1,18 
B3newenHoe cpe.r~enee 

A.JI9T(n,1n) Au191 45,9 3,18h 586,45 17,0 0.94 0,94 1,05 
ptiJ'T 2,802d 538,9 13,7 1,0 0,99 !.02 

Au19
' (n, Y) Au'" 2,695d 411,80 95,5 0,99 0,90 1,0 

675,88 0,8 0,95 1,31 
B3BeweHHoe cpe,liHe 

n11
' (n, 5n)ln111 I 33,74 2,805d 171.4 I 90,2 I o,91 0,98 I 1,44 

I 245,35 I 94,0 I I o.99 I 1,60 
B3neweHHOe cpe.r~ne 

ln110(n, 6n)ln11
" 43,82 4,9h 1657,75 ~8,3 I 0,88 I o,99 I 1,32 

lnm(n, 7n)ln109 51,96 4,2h 203,5 I 73,5 I o,87 I 0,99 I 1,37 
Co59(n, 2n)Co58 10,64 1o.su I 810,75 I 99,5 I 1.0 I o,89 I 1.1 
Co59 (n, 3n)Co57 19,37 271,79d I 122,06 I 85,5 I 1.0 I 0,62 I 1,06 

I 136,47 I 10,7 I I o,66 I 1,03 
B3neweHHoe cpe.r~Hee 

Co59 (n, 4n)Co56 I 30,96 77,27d I 846,75 I 99,9 I t,o I 0,89 1 1.21 -r T I 1238,3 I 66,9 I I 0,91 I 1,26 
B3oeweHHoe cpe.r~nee 

o59(n, 5n)Co, 141,24 17,53h 1931,5 175 I o,96 I o,9o I 1,19 
059 ( n, v )Fe" I 79$4,503d 11099,2 156,5 I 1,o. I o,91 I 1,03 

I T 11291.5 143.2 I I 0,92 I 1,oo 

'-0
59 (n,2o6n)Mn" 67,8 15,591d 

B3BeweHHoe cpenHe< 
I 1434,1 I 100 I 0,99 I 0,92 I 1,36 

I I 935,54 I 94,9 I I o,9o I 1,25 
B3neweHHoe cpe.r~He 

I M 233Th p- 233p hi Ha6mo.nrum )lO'IepHIOIO aKTHBHOCTb ) a 
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2,82 9 
1,87 10 
2,40 8 
2,33 8 
2,54 12 
2.38 7 
0.92 19 
2963 9 
3209 6 
3133 5 
10,3 6 
10,0 7 
10,1 5 
5,1 7 
3,0 15 
2,3 10 
2,5 -9 
1,7 8 
2.3 9 

1382 5 
1386 7 
1383 5 
2,4 9 
2,2 8 
2,3 7 

0.7S 16 
0,76 13 
5,9 7 
1,0 7 
1,2 13 
1,0 6 

0,36 11 
0,34 17 
0,35 9 
27 13 

0,49 9 
0,60 9 
0,55 9 
0,14 8 
0,12 8 
0,13 8 

Mcrronh3Y.SI Haii.neHHhie CKopocni peaKQHH, 6hlna 

rrpe.n.rrpnmiTa rrorrhiTKa orrpe.n.eneHml crreKrpa Heii-rpoHoB. CKopocTb 

peaKQHH H IIOTOK HeH-rpOHOB cmnaHbl cne,ZI,y.IOII.lHM ypaBHCHHCM: 
~ 

Ra = J a a (E)qj(E)dE (11) 
E,,, 

r.n.e <p(E)- Heii-rpOHHbiH IIOTOK B nl(cM
2
.M3B.p), rrpOXO,ZI,Slll.lHH qepe3 

o6pa31.lhi, Erh- rroporoBaSI 3Heprm~ Ha6mo.n.aeMoii peaKQHH ,ZI,nSI KOHK

perHoro o6pa3na n cra(E)- ceqeHne peaKQHH. HeKoTopbie_H3 ceqeHnii 

peaKnnii, rrepeqncneHHhiX B Ta6n. 2, rrpe.n.cTaaneHbi B nnTeparype. 

CeqeHne peaKQHH (n, xn) ,ZI,nSI BHcMyra 6bmo BbiqncneHo c IIOMOII.lhiO 

rrporpaMMa CASCADE
1 

II cpaa:HeHo c 3KcrrepnMeHTanbHhiMH 

,ZI,aHHbiMH ( CM. pnc.12) [K3). KaK BH,li,HO, pacqeTbl cornaCy.IOTC.Sl C 

3KCIIepHMCHTanbHbiMH ,ZI,aHHbiMH IIpH HH3KHX 3HeprH.SIX, IIpH 

BbiCOKHX - MO,ZI,enb · HeCKOllbKO He,ZI,OOQCHHBaeT ceqeHWI. 

AHanornqHoe HMeer MecTo H ,ZI,nSI .n.pyrnx peaKnnii c BHCM)'TOM. Mbi 

rronaraeM, qTo rrporpaMMY CASCADE MO:>KHO _ncrronh30BaTb ,ZI,n.SI 

pacqeros ceqeHHH (n, xn) peaKQHH. 

,[(ml OQeHKH CIICKrpa HeH-rpOHOB B .pa6oTe 2 6hin0 

npe.n.no:>KeHo paccMa-rpnBaTb ceqeHm~:, BXO,ZI,Slll.lHe a yp. 11, KaK 

IIOCTO.SIHHhie Bbiiiie noporOBOH 3HeprnH H HaXO,ZI,HTb HHTerpanbHbiH 

IIOTOK HCH"IpOHOB (,ZI,CTMH CM. B .[3]). ,[(anhHeHIIIee 

,ZI,H<p<l:>epeHQHpOBaHHe ,ZI,aeT HCKOMbiH IIOTOK HCH"IpOHOB. · ,[(n.SI OQCHKH 

3<l:><l:>eKTHBHbiX IIOCTO.SIHHbiX ceqeHHH B [14) 6binO npe,ZI,nO:>KeHO 

HCIIOllb30BaTb MO,li,CllbHbie pacqeTbl CTieKrpOB HCH"IpOHOB. Il03TOMY 

3TOT MeTO,ZI, He MO:>KeT paCCMa-rpHBaTbC.Sl KaK MO,ZI,enbHO-HC3aBHCliMbiH. 
ero ... Seetion [mbJ . 

2000 I . P'u I I I 
1000 I ~- ,. __ .,. ..... ~ .......... :;:::)...,. 

100 

10 

22.5 

i' 

h· 
t~, 1 ~ 

50 100 

! J i ' 

Neutron Eo~r'gJ" (lrleV) 

Pnc. 12. CeqeHne peaKQHH 
209

Bi(n,4n) 

2 
E.A. MapUhlHKeBH'I n.np. npenpHHT OIUIM, Pl-2002-65. 
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B ,niiccepTai.lHII paccMOTPeHa .npyrmi B03Mo:>KHOCTb 

paccMaTPIIBaTb B yp. 11 TIOTOK KaK TIOCTO~HHYIO BeJIIIlJIIHY Ha 

HeKOTOpOM IIHTepBane II npOII3BO,l{IITb IIHTerpiipOBaHIIe CelJeHIIU. 

HanpiiMep, ClJIITaTh nocTO~HHbiM noToK <p(x) .nn~ peaKUIIII (n, xn) c 

MaKCIIMaJibHblM noporOM ,UO MaKCIIMaJibHO B03MO)l(HOH :meprnii
3
. 

floTOK <p(x-1) ClJIITaTb TIOCTO~HHbiM Ha IIHTepBane OT nopora 

peaKUIIII (n, (x-1)n) .no nopora peaKUIIII (n, xn). ll TaK .nanee. TaKIIM 

o6pa30M MO)l(HO ,UOCTII'lb HII)l(Heii: lJa'CTII 3HepreTIIlJeCKOrO CTieKTPa II 

npe,ncTaBIITb HeHTPOHHbiU TIOTOK B BII,ne CryTieH'laTOH <l>YHKUIIII. 

KoHcTaHTbi, onpe,neMIOIUIIe 3HalJeHIIe <l>YHKUIIII, ~BJI~IOTC~ 
perneHIIeM CIICTeMbl JIIIHeUHbiX ypaBHeHIIH, KOTOp~ B cnyqae 

peaKUIIII (n,xn) c x=9, IIMeeT BII,n: 
E.,., 

R9 = ¢(9) I a 9 (E)dE fl 
(11) 

E,,(n,9n) 

E.,.. 

I O"g(E)dE 
E,1,(n,9n) 

Rg = ¢(8) I O"g (E)dE + ¢(9) (12) 
E,.(n,8n) E,1,(n,9n) 

E,.(n.1n) E,1,(n,9n) E.,., 

R7 =¢(7) I a 7(E)dE+¢(8) I a7 (E)dE+¢(9) I a 7 (E)dE(13) 
E,1,(n,1n) E,~o(n,8n) E,.(n,9n) 

r.ne crx - ceqeHIIe peaKUIIII (n, xn). Cneuiiilm'leCKIIii BII.U 3Toii 

CIICTeMbl TI03BOJI~eT HaXO,l{IITb ee perneH~ IITepaUIIOHHbiM MeTO,UOM. 

QqeBII,nHO, 'ITO 6onee ,neTaJibHhiii cneKTP nonyqaeTc~ npii 

IICTIOJib30BaHIIII 6onee ,l{eTaJibHOrO CTIIICKa peaKUIIH. 

IlpiiMep IICTIOJib30BaH~ npe,UJIO)l(eHHOTO TIO,UXO,na B 

npiiMeHeHIIII K ycTaHOBKe GAMMA-2 npe,ncTaBneH Ha piic. 13. KaK 

BII,UHO, pe3yJILTaTbi, nonyqaeMbie B ,nByx no.nxo.nax, OTJIII'laiOTC~ He 

6oJibllle, '!eM Ha <PaKTop 3. B ,niiccepTaUIIII npe,ncTaBneHhi II .npyriie 

paClJeTHbie CTieKTPbi HeHTPOHOB, KOTOpbie 3HalJIITeJibHO nyqrne 

3 M -aKCHMaJlhHIDI :meprn.11 HCH'IpOHa paccqHTaHHIDI C llOMOlllhlO nporpaMMhl 

CASCADE )l.OCTHraeT npHMepuo 600 M3B. TeM ue Menee, na pa:mHua B 

MaKCHMaJlhllOll 3HeprnH HCll'fPOHOB HCCyiUCCTBCUHO BllH.IICT Ha paccqHTaHHhlll 

CllCK'Ip, llOTOMy qTo ceqenHe )l.ll.ll 6onee BhlCOKHX 3Heprnii. HCll'fPOHa MaJIO (CM. pHC 

12, ceqenHe )l.ll.ll peaKUHH 
209Bi(n, 4n) 206

Bi)). 
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COrJiaCyiOTC~ C paClJeTaMII TIO MO.UII<l>IIUIIpOBaHHOH ·. · KaCKa,UHO

IICnapiiTeJibHOU MO,UeJIII. 
n/(cm2 .:r.teV.p)x 10-.L 

1. 0 o=-.-=-;.--,---,--,-,-.,-,-,--,-.-.--.-.--.--.--.-.--''-r-=, 

0.1 

.P( E) 

0.01 

0.001 
--cASCADE 

. · . · · Ana.l.ysis 2 
__ Analysis f 

1 10 20 ~0 50 so 100 120 140 160 180 200 
E (M.,V) 

Pnc. 13. CpaBHeHIIe paclJeTHbiX II 3KcnepiiMeHTaJibHbiX cneKTPOB 

MeTO.UOM ,nByx aHaJIII30B ~ GAMMA-2 3KcnepiiMeHTa. Henpepbi

BHa~ riiCTOrpaMMa npe,UCTaBJI~eT CTiei<rp, TIO,l{ClJHTaHHbiU C TIOMOIUbiO 

nporpaMMa CASCADE, TO'lelJH~ rncTOrpaMM:a - cneKTP; nony

qeHHhiii c·nOMOIUbiO Harnero MeTO,na[3), CTIJIOillH~ KpiiB~ _..: cneKTP, 

nonyqeHHbiH C TIOMOIUbiO nepBOro MeTO,na. . 

3aKJIIOlJCIIUe 

1. CoJ,naH MoHTe-Kapno anropiiTM ~ oniicaHII~ npoueccoB IIcna

peH~ u .neneH~ ~ pacna.na nocneKacKa,UHbiX ~ep~ AnropiiTM 

peaJIII30BaH B HOBOU BepCIIU nporpaMMHOrO KOMTIJieKCa 

CFSCADE. B anropiiTMe npouecca ucnapeH~ IIcnonb3YJOTC~ 
HOBbie KOHCTaHTbl. ~ KYJIOHOBCKOrO 6apbepa II o6paTHOTO ceqe

HII~ IIcnap~IOIUIIXC~ qacTIIU II3 . nporpaMMbi KacKa,na GEM, a 

TaK)l(e 6onee TO'!Hoe BbiP.a:»<'eHIIe · ~. TIJIOTHOCTH ypoBHeii. Bepo

~THOCTb ucnapeHHH paCClJHTaHa MeTO,l{OM lJIICJieHHOrO HHTerpH

poBaH~ C QeJibiO yqeTa 3HepreTIIlJeCKOH 3aBHCIIMOCTII . napaMeT

pa TIJIOTHOCTII ypoBHeii. KpoMe ·Toro; · coJ,naH a.iirop:nTM ~ 
pacqeTa IIcnapeHII~ T~)l(eJibiX <l>parMeHTOB · He·. TOJibKO B oc

HOBHOM , HO II B B036y)J(.lleHHblX COCTO~H~X. IloKaJaHO,. 'ITO pac

na,n nocneKacKa,nHhiX ~.nep npoiicxo,niiT Ha 6onee paHHeii CTa,n:n:n, 

qeM 3TO npe.nnoiiaraeTc~ B IICllOJib3YeMoii: KacKa,nHbiMII · npo

rpaMMaMII Teopmi <l>oHra. Y'leT 3Toro o6cro~TeJibCTBa 11. 6onee 

TO'l.HOe Bbipa)l(tmiie ~ 6apbepa .neneH~ ycTPa~IOT IIMe:Brnee 
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MeCTO paHee noqTJI 1 0-KpaTHOe paCXO~eHHe pacqeTHOro ll 3KC
nepHMeHTaJibHOrO pacnpe.n.eneHIDI H30Tonos no MaccaM. Y CTpa
IUieTC.H ".n.syrop6ocTh" 3Toro pacnpe.n.eneHIDI. I1oKa3aHo, qTo pe-
3YITbTaThi pacqeTa ceqeHHii Bbixo.n.a H30TonoB B HOBoii BepcHH 
nporpaMMbi CASCADE HaxoMTC.H B xopoiiieM cornaCHH B 
npe.n.enax CTaH.n.apTIIOrO OTKnOHeHIDI 1.4 C 3KCnepHMeHTaJibHbi
Mll pe3ynbTaTaMH )l.n.H npe.n.aKTIIHll)l.HbiX MHIIIeHeH ll CO CTaH
.n.apTHbiM OTKnOHeHHeM < 2 .n.n.H . aKTHHH)l.HbiX MHIIIeHeii. Pe-
3YITbTaThi )Ke CTapoii Bepcliii nporpaMMbi CASCADE 
cornaCyiDTC.H C 3KCUepHMeHTOM CO CTaH)l.apTHbiM OTKnOHeHHeM B 
npe.n.enax OT 2.8 .n.o 5. YToqHeHHe Mo.n.eneii HcnapeHH.H H .n.ene
HIDI cna6o CKa3aJIOCb Ha )l.ll!lJ!lJepeHUllaJibHbiX 3HepreTHqecKHX 
cneKTpax HeiiTpOHOB, po~aiOIUHXC.H npH B3aHMo.n.eiiCTBIDIX npo
TOHOB C T.H)KeiTbiMll .H)l.paMH, O)l.HaKO HeCKOITbKO (OKOITO 5%) 
ynyqiiiaeT cornacHe c onbiTOM B cnyqae nerKHx ~.n.ep (AI, Na H 
T.n.). 

2. Pa3pa60TaH HOBbiH MeTO)l. )l.n.H pacqeTa HHTerpaJibHbiX CetJeHHH 
.H)l.pD-.H)l.epHbiX B3aHMO)l.eHCTBllH ll03BOn.HIOIUllH BblqllCn.HTb 
ceqeHIDI KaK Bbiiiie, TaK ll Hll)Ke eynOHOBCKOrO 6apbepa )l.n.H 
B3aHMo.n.eiicTsnii nerKHx n T.H)KenbiX .H.n.ep. PacqeTHbie ceqeHIDI 
cornaCyiDTC.H C H3BeCTHbiMll B HaCTO.HIUee BpeM.H 
3KCnepHMeHTaJibHbiMll )l,aHHbiMH, XOT.H )l.n.H B3aHMO)l.eHCTBHH 
oqeHb T.H)KenbiX .H)l.ep TaKHX )l,aHHbiX llOKa oqeHb MaJIO. 

3. Co3.n.aHa MaTeMamqecKa.H Mo.n.enb ycTaHOBKH 
· "3HepriD1+ TpaHCMYTaUH.H", )l.CTaJibHO yqHThiBaiOIUa.H 
OC06eHHOCTll ee KOHCTpYKQHH, MHOrocnOHHOrO OCHOBaHIDI ll 
OKp~momeii pa.n.HaUHOHHOii 3aiUHTbi. CpaBHeHHe BapHaHTOB 
ycTaHOBKH C 2, 4 . H 9 U CeKUH.HMll ll0Ka3biBaeT, qTo 4-
ceKUllOHHbiH sapHaHT .HBn.HeTC.H onTHMaJibHbiM. Co3.n.aHHe 
3annaHHpOBaHHOH )l.OporOCTO.HIUeii 9-ceKUHOHHOH ycTaHOBKll He 
HMeeT CYJUeCTBeHHbiX npeHMYJUeCTB C TOqKH 3peHIDI yBenHqeHH.H 
TOqHOCm ll3MepeHHH, Hll B OTHOIIIeHHll nonyqaeMbiX C ee 
llOMOIUbiO !lJll3HqecKHX pe3ynbTaTOB. I10Ka3aHO, qTo 
npOCTpaHCTBeHHa.H )l.HCllepCIDI npOTOHHOrO nyqKa H ero 
He6onbiiiHe ( < 1 CM) CMeiUeHIDI OTHOCHTenbHO UeHTpa MHIIIeHH 
cna6o CKa3biBaiOTC.H Ha pe3ynbTaTax pacqt!ToB. O.n.HaKo qHcno 
HeiiTpoHoB so3pacraCT B HanpaBneHHH cMeiUeHHii, 
npeBbiiiiaiOIUHX 15%. Ha ocHoBe MaTeMaTnqecKHX 
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3KCnepHMeHTOB npe)l,nO)KeHa peKOHCTpYKUIDI ycTaHOBKll, 
ynpOIUaiOIUa.H ee KOHCTpYKUHIO ll ll03BOn.HIOIUa.H 6onee 
onpe.n.eneHHO HHTepnpempoBaTb BblllOnlUieMbie Ha Heii 
ll3MepeHH.H. I10Ka3aHO, ~0 llCUOITb3YIOIUa.HC.H B HaCTO.HIUee BpeM.H 
pa.n.HaUHOHHa.H 3aiUHTa ycTaHOBKH "3HepriD1+ TpaHCMYTaUIDI", He 
nornoma.H HeiiTpOHbi, TpaHc!lJ<?PMHpyeT nx B HeiiTpOHbi c E < 0.1 
3B, 6naro.n.ap.H qeMy B 3KcnepHMeHTaJibHOM 3ane nMeeTc.H 
BbiCOKHii !lJoH HeiiTpOHHoro ll3nyqeHIDI. 3aiUHTa He ycTpalUICT n 
raMMa-H3rryqeHHe. Mo.n.enHpoBaHHe 3KcnepnMeHTaJibHoii 
ycTaHOBKH GAMMA-2 noKa3aJIO, qTo c ToqKH 3peHIDI 
"3HepreTHqecKOH CTOHMOCTH" npOH3BO)l.CTBa , HeHTpOHOB 
OUTHMaJibHOH .HBn.HCTC.H o6n~CTh 3Hepmii B6nH3ll 1.5 . l3B. 
PaccqHTaHo npocTpaHCTBenHoe 11 3HepreTnqecKoe 
pacnpe.n.eneHH.H noToKa reHepHpyeMbiX HeiiTpoHOB. 
Mcnonb30BaHHe napaqmHoBoro 3aMe)l.nHTen.H npHBO)l.HT K ToMy, 
qTo 6onbiiia.H qacTh po~aiOIUHXC.H HeiiTpOHOB (70%) nona.n.aeT B 
o6naCTH 3Hepmii HH)Ke 0.1 3B. Cnoii rpa!lJHTa TOH )Ke TOITIIIHHbl 
3aMe)l.n.HCT HeiiTpOHbi f!:aMHoro cna6ee . 

4. PeanH3oBaH MeTo.n. soccTaHoBneHH.H cneKTpa HeiiTpOHOB, po)K
.n.aiOIUHXC.H B peaKUH.HX pacmenneHH.H · BHYTpH o6nyqaeMoii 
MHIIIeHH, C llOMOIIIbiO ' CUeKTpOMeTpHqecKOH o6pa6oTKll 
pe3ynbTaTOB ll3MepeHHH aKTHBHOCTll noporOBbiX · )l.CTeKTOpOB. 
34J4JeKTIIBHOCTb MeTO)l.a npOHniTIOCTpHpOBaHa Ha npHMepe 
o6pa60TKll 3KCllepHMeHTaJibHbiX )l.aHHbiX, nonyqeHHbiX Ha 
ycTaHOBKax GAMMA-2H "3Hepm.H+ TpaHCMYTaUH.H". 
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