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061J.1Afl XAPAKTEP"1CT"1KA PA60Tbl 

AKTyBnbH0CTb T8Mbl 

npo6118Mbl 3K01101l1111 Ill pa,q111a41110HH0H 6e3onaCHOCTIII B HBCT0.RL4ee epeMR cran111 

B8CbMB cy1.4ecreeHHblMIII AllR np0MblW116HH0 pa3B111TblX crpaH. 8 PRAY 3TIIIX npo611eM 

oco6o B8)KH0e MeCT0 38HIIIM8KlT aonp0Cbl 6esonacHoro 06pa1.4eHIII.R C pa,q111oaKTIIIB

HblMIII OTX0,QaMIII, a TalOKe C 0611y'-leHHblM T0ilJllllB0M R,QepHblX peaKTopoa. no 04eHKe 

MArAT3, COBpeM8HHble xpaH111111111.4a CO,Q8p)K8T ~10opoo T o611y'-18HH0f0 TOnn111aa 

T0/lbK0 3Hepr8Tlll'-18CKIIIX peaKTopoa. np111H111MaR BO BHIIIMBHlll6, 4T0 B K8Yecrae T8K0BblX 

Ha1116011ee pacnpocrpaHeHbl peaKT0pbl Tlllna PWR (883P), np1-16J111131i1T611bHbl11 COCTBB 

xpaH111Moro o6nyYBHHoro Tonn1-1ea npe,qcraaneH a Ta6n. 1. 

Cocraa xpaH1-1Moro o6nyYeHHOro TOn11111aa 
~a6111114a 1 

HyKJJl'I.Q 3arpY)KaeMoe O6JlyY6HH08 T0MIIIB0, Yepe3 20 JlBT 

Ton11111ao nocne Bb1rpyaK1-1 1113 peaKTooa 

0TH. CO,Q6p)K8H1118, 0TH. CO,Qep)KaH"1e, C0,[18p)K8H1116, 

/%) /Mace.%) (T) 
~u 3.2 0.7 700 
"~"u 96.8 94.4 94400 
Pu - 0.9 900 

Np+Am+Cm - 0.16 160 
npo,QyKTbl - 3.6 3600 
,Q6Jl6H"1R, 

BT0M Y"1Cne: 

'"'Cs - 0.09 90 
wsr - 0.04 40 -~~, - 0.03 30 
=re - 0.09 90 

O46B"1,QHO, '-ITO ,[18JlbH8111Wee pa3BIIIT"18 R,QepHOH 3HeprernK"1 BO MHOf0M 3aBIIICl'IT 

OT peweH111.R npo6neMbl 683onacHO~ YTl-111111384111"1 ~e npOlll3B8A6HHblX OTXOA0B Ill TeX 

r-~~~·-~~ I 
~ \;,;,•.,.1):,,. A~"'1~ !l!ula.!U li:4i•y•~tJ7 l 
~ ~,~A~l Utciez~~l~gll l 
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OTXOAOB, KOT0pb18 OHa 6yA8T npo"13B0AIIITb B npm-1ecce AaJlbH8111W8rO pa3BIIIT"1R. Pac

CMaTp"1BaeTCR H8CKOnbKO cnoco6oe peweHJ.1R 3TOIII npo6neMbl. 

Ha1116onee TpaA11141110HHb1lll cnoco6 3aKI110YaeTCR s pa3pa60TKe cnoco6oe Aonro

epeMeHHoro CQAep>KaH"1R BblCOKOP8All108KTll1BHblX MaTep111anos B cne41,1anbHblX xpa

H"1nm4ax Ill, COOTB8TCTB8HHO, OTKila,D,blBaHIIIR npo6neMbl "1X YHll1YTO>K8Hll1R (n11160 yac

Tll1'-IH0r0 111cnonb30B8H"1R) Ha 6YAYI.J.!1118 nOKOn8Hll1R. TaK, B CWA TaK08 OOA38MHOe xpa

Hll1n"11.J.!8 nnaH111pyeTCR co3,qaTb e · WTaTe Heea,o,a B MeCTeYKe Yucca Mountain, rAe 

npeAnonaraeTCR co,qep>KaHll18 ~ 70000 TOHH BblCOKOpa,D,11108KTll1BHblX MaTep111anos. 

AnbT8pH8Tll1BHbllll nOAXOA, nonyY"1BWIIIIII pa3BIIITll18 B nocneAHlll8 rOAbl, 38KiltOY8-

8TCR e CTpeMn8H"1"1 C03A8Tb T8XH0110rv1111 HA8PHOH nepepa6oTKll1 (RA8PHOIII -rpaHcMy

Ta41,11,1) BblCOKOpa,o,111oaKTIIIBHblX MaTep111a110B B CTa61,111bHble 111n111 KOPOTKO>KIIIBYll\"18 

HYKill,1,[lbl, T8M caMblM 1,136aenRR 6y,Qy1.J.!"18 nOKOn8HIIISI OT H806XOAll1MOCTIII peweHll1R 

3TOIII npo6neMbl. 

B HaCTOfll.J.!88 epeMfl ,QB8 KOH4en4111111 RA8PH0111 TpaHCMY,-84111111 npe,QCTaanS'IIOTCR 

Ha1,16011ee nepcneKT"1BHblM"1. nepeaR KOH4en4111s:1 OCHOBaHa H8 1,1cnoJ1b3088Hllll,1 6b1CT

pb1X peaKTOpOB, pa3B111TaR T8XHOJ10r"1S'I KOTOpblX no3BOJ11,1T HaYaTb 1,1X 1,1cnoI1b30B8H"18 B 

KaYeCTB8 TpaHCMy,-a41110HHblX yCTaHOBOK, sepOITTHO, 683 3H8YIIIT811bHblX nepsoHa-

Y8JlbHblX 3aTpaT. 

BropaR KOH4en41,151 OCH0Bb1Ba8TCR Ha C03A8Hll1111 flA8PH0-3H8prernYeCKll1X yCTa-

HOBOK np111H4111n111aI1bHO Hoeoro TJ.1na - 3Jl8KTpOR,Q8pHblX (311HY), B coCTaB KOTOPblX 

BXOART'. CIIIJlbHOTOYHbllll ycKOPll1T811b npOTOHOB C 3H8pr1118111 ~ 1 f38 111 TOKOM 6onee 0,1 

A, Mll1W8HHbllll KOMOI18KC, B KOTOpoM np1,1 B3all1MO,Q8111CTBll1111 npoTOHOB C B81.J.!8CTBOM 

M"1W8Hll1 OCYIJ.l8CTBJls:18TCR reHepa41,151 HeihpOHOB C MHO>K8CTB8HHOCTb10 ~ 20 H8111-

TPOHinpoTOH, 1,1 OOAKPIIITIIIY8CK1,1H 6naHK8T, B KOTOpOM "1 nporeKalOT Tp8HCMy,-a41110HHbl8 

peaK4111111. KoH4emyanbHbIe pa3pa6orK111 HaCTORll\ero speMeH111 (OMEGA, flnoH1,1R; 

ATW, CWA; GEDEON, <tlpaH4IIIR; KOMAC, IQ}I{. KopeR) npeAno11ara10r, YTO pean1113a-

4111R T8K011 "1J:18111 6y,QeT Ha1116onee 3!plp8KT"1BH8 B paMK8X 8AIIIHOro np01113BOACTB8HHOro 

4111ma, 06b8,QIIIHRIOI.J.!8ro Tp111 OCHOBHbl8 T8XHOI10r"1111'. 

• XIIIMIIIY8CKOrO pa3A8118Hl-1R PBAIII08KTll1BHblX Marep111anoe; 

• nonyYeHll1R BblCOK03HepreT"1Y8CK111X nyYKOB npoTOHOB 6onbWOIII MOI.J.!HOCTll1; 

• peaKTopHOIII T8XHIIIKIII, C CYll\8CTB8HHblM pacw111peHll18M o6nacrn 3Heprn111 H8111-

Tp0HOB (snnOTb ,QO 3Heprn111 ~ 1 f38), AnR C03A8HIIIR KOMnJleKca Mll1W8Hb-OJ18HK8T. 
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X111M1,1Y8CK8R T8XHOnOrlllR paCCMaTp111eaeT Y8Tblp8 OCHOBHblX n111pOX1,1Mll148ClG1X 

npo4ecca cenapa411111 OTXOAOB 111 ,QBa ™APOM8TaJlllYPrlll48CKIIIX npo4ecca. np11 .3TOM 

n111pOXIIIM"148CK"1M npo4eccaM OT,Q88TCR npeJ:1nOYTeH11e nepeA BO,QHblM11, nocKOnbKY 

OHl,1 yCTOlll4111Bee K pe)Kl,1MY HepacnpocrpaHeHl1R 

YCKOpll!TenbH8fl T8XHOI10fl1R, 1-1cnoI1b3YH np8J:1W8CTBYJOI.J.!11H OOblT, npe,QnaraeT 

HeCKOnbKO KOH4en411111 ynOMS'IHYTblX BblWe Cll1JlbHOT04HblX npOTOHHblX YCKOpITT8Jl811, 

MOIJ.IHOCTb KOTOpblX ,AOCTl1rH8T COT8H MBT. XapaKTepHOIII 4epTOIII 3TIIIX KOH4en41,1111 flB

Jlf18TCfl CTp8MI18Hl18 CHl1311Tb ,QOJltO nOTepRHHblX 48CT1-14, C 4enbto YAOBI18TBOpeHll1fl 

Tpe6osaH11111 11x pa,o,111a4110HH0-683onacH0111 3KCnnyaTa41111. 3™ nornp11 He ,qoroKHbl 

npesocxo,QITTb 0.2 HNM (T.e. OTHOCITT8IlbHbl8 norep11 ,QOll>KHbl 6b1Tb Ha YPOBH0 10-5-

10-6). 

Pa3Bl1T8S'I peaKTOpHaR T8XHO!l0r"1R, 11cnonb3Yfl pa3Ill14Hbl8 3aM8,C!IlITT8Ill1, no3B0-

Ilfl8T C03,Q8Tb nO,QKpITTll148CKll111 6naHK8T C nto6b1M H0111-rpOHHblM cneKTpOM, OT 6b!CTPO

ro AO Tennoaoro. 0,qHaKO yaenl1'-18Hlll8 crtlcrc c pOCTOM 3Hepn,11,1 HelllTpOHOB Ailfl Ml1-

HOPHblX 8KTl1Hll1,[l0B 11 Pu, ,qocraT04HO BbICOK118 nopon-1 A8Il8Hll1fl ,Qilfl H8KOTOpblX 113 

Hl1X (
237

Np, 
240

Pu, 
242

Pu, 243Am, 246
Cm) 06ycnaen11ea10T npe11My1.J.!eCTBo 6naHK8TOB c 

"6blCTpblM" cneKTpOM H811TpOHOB. Ha116onee '-IBCTO pean113a411s:i "6b1CTpblX" Cl1CT8M 

ocyl.J.!8CTBI1R8TCR C 11cnOI1b3088H118M >Kll1,LlKOMeTann114eCKoro rennOHOC11T8Ilfl - Na. 

0AH8KO 3BT8Kn1Ka Pb-Bi B ,(l8HHOM cnyYae npe,qnO'-ITl1TeilbH88 HBTPl1fl, TaK K8K OHB 

MO>K8T 11cnOI1b30B8TbCfl KBK Ml1W8HHbl11 MBTep11an (np11 ee B3a111MOA8IIICT81,11,1 C nyYKOM 

npoTOHOB), TBK "1 B KBY8CTB8 T80IlOHOCITT8Ilfl. nporpecc Pb-Bi - T8XHOI10rl111, AOCTl1r

HYTblL1 np11 C03A8Hl111 peaKTOPHbfX YCTBHOBOK pocc111111CKl1X nO,ABOAHblX IlOAOK, 06y

cnaan11eaer ee nepcneKT1,1BHOCTb B KB48CTBe OCHOBH011 T8XHOI10r"111 3nHY. 8bI6op co

epeMSHHOIII T8XHOnor11111 pa3,qeneHl1fl nnyrOHll1fl, Ml1HOpHblX 8KTl1H11,Ll08 11 npo,QyKTOB 

AB118Hl1.fl npe,qnonaraeT 11cnonb30BBHl18 B T8Kl1X yCTaHOBKax M8T8Ml148CKOro ronn11-

ea. OHO CYI.J.!8CTB9HHO 0Tnl1488TCR OT TOnn111ea, 11cnonb3Y8MOro B Tpa,o,1114110HHOIII npo

rpaMMS 6b1CTpbtx peaKTopoe. 8 48CTHOCT11, 4T06bl o6ecne411Tb BbICOKl1e ypOBHl1 BblrO

paH"1fl, B Hero BBO,(lITTCfl BblCOKOS KOnl149CTBO 411PKOH"1fl (80-85% Zr+ 20-15% Pu, Am, 

Cm, Np). 

8 K8Y8CTB8 811bTepH8Tl1BHOrO sap11aHTa paCCMarp111eaeTCR KOH4en4111fl 6naHKSTa 

c pacnnaeoM cone11 (Hanp111Mep, 0.52NaF+0.48ZrF4). 
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OAHaKO np11 sceM KOH4emyanbHOM pa3HOo6pa311111 B03MmKHblX KOHCl'PYKL.11111 

Ml1WeHHOr0 K0MnneKca 11 6naHKeTa 3nRY M0}KHO, Bbl,[lemm, 0CH0BHytO npo6neMy, 

B03Hl1K8IOIJ.O'IO np11 11X npoeKn1p088Hl111 11 npaKT111'19CKOl1 pean113a41111. Pe% 11A8T 06 

0TCyTCTBl111 11/11n11 H8AOCT8TO'IHOl1 TO'IHOCTl1 Tpe6yeMblX Ailfl 3T0ro SlA6PHblX A8HHblX 

11 peaynbTaT0B 111-ITerpanbHblX 3Kcnep11M61-IT0B, 4T0 o6ycnoeneHO B nepeyio 04epeAb 

cy1.1.1ecrseHHblM pacw11peH11eM paccMaTp11saeMoro 3Hepreru4eCKoro AlllanaaoHa 

(BM0Tb AO - 1.0 f38). 

8 48CTH0CT11, Ailfl TaK0r0 88}KH8riiwero yana 3nf!Y, KaK Ml1W8HHbll1 K0MnneKC, 

Tpe6yeTCR paCYeTHbll1 np0rH03 4enoro pflJ).a np11H411m1aJ1bHO H0BblX, no cpaBH9Hl1IO C 

rpa,q114110HHblM1'1 peaKT0pHblMl1 T8XHOJ10fl1HMl1, napaMerpos: 

• H8ITTpOHHbll1 BblXOA 113 Ml1W6Hl1; 

• cneKTp HempoHOB BHyrp11 M11WeH11 11 Ha ee nosepxHocru; 

• H811TpOHH8s:I "npoapa4HOCTb" Ml1W6H11; 

• napaMeTpbl 3Hepr0BbIA8I18Hl1fl MIIIW8H11; 

• BblXOAbl np0AYKTOB peaKU,1111 B Ml1W9Hl1; 

• P8A11aU,110HH8H CTOl1KOCTb KOHCTPYK4110HHblX MaTep11anos KOMnneKca. 

3m napaMeTpbl HenocpeACTB8HHO BI111fllOT Ha 0CHOBHble xapaKTepl1CTl1Kl1 n0A

KP11Tl148CK0ro 6naHK9T8, onp8A9I1HIOU\lile l'l,[19pHylO 6e3onaCH0CTb 3Jl9KTp0HA9PHblX 

ycraHOBOK 8 4eJ10M, KaK-T0: ken; 3cpcpeKTI/IBHOCTb CIIICT6Mbl CY3; nomi 3HeprOBblA9J19-

Hl1H TBC; CK0POCTb rpaHCMyra41111 M11HOPHblX 8KTl1H11A0B, onp8A9Jlfl8M8fl K8K 4ene

B0l1 cpyHK4110H8Jl. 

8 CBs:1311 C BblW9CK838HHblM l_\8nb AHCcepTal.\110HH011 pa60Tbl COCTOl1T B: 

• 113M9p6H1111 M9PHblX KOHCT81-IT MIIIWSHHOro K0MnneKca 11 6naHKeTa, 11M81-0LJ..\IIIX 

nepsocreneHH08 npaKTl149CKoe 3H84eH11e; 

• sep11cp111Ka41111 cy1.1.1ecray10LJ..\11X pacyeTHblX nporpaMM, 11cno11bayeMblX AnH nony

YeH11R rpe6yeMblX np11 npoeKrnposaHl111 3nf!Y M9PHblX AaHHblX; 

• npOB8A9Hl111 IIIHT8rpanbHblX 3Kcnep11Me1-ITOB AJlfl nporornnos yanos 11 KOHCT

pyK4111i1 3nHY Ill cpasHeHl/111 11X peaynbT8TOB C paC49THblMl1 AaHHblMl1. 

.QnR AOCTl1>K9Hlllfl A8HH011 t.ten111 pewanHCb cneAYfO~He 3aAa411: 

• cpopM11posaH111e 1113M9pl1T9JlbHOro KOMnneKca 111 paapa60TK8 3Kcnep11M9HTaJlb

HblX MeTOAIIIK, np11BI1949Hl18 cospeMeHHblX 6a3 HAepHblX AaHHbtx; 
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• H8pa60TK8 3Kcnep11M8HT8JlbHblX 3Ha48Hl111 BblXOA0B np0AYKTOB M9PHblX peaK-

41111 AilR 88}KH811WIIIX Ml1W9HHblX 11 K0HCTpyK4110HHblX M8Tep11anos np111 I/IX o6ny4eHl11,1 

np0TOHaM1,1 p83Jl1114HbIX 3H8pC"l,1!11; 

• Hapa6oTKa 3KCI19Pl1M9HT8JlbHblX 3H849H"1i1 8KT\IIBH0CTIII 11 M0l.4H0CTIII A03bl AJlfl 

88}KH8111WI/IX Ml-1W9HHblX Ill KOHCTpYK4IIIOHHblX Marep111anos np11 I/IX 06nyYeH111111 np0TOH8-

M"1 pa3JllllYHblX 3H6pC"l,1l1; 

• 1113M9p8Hllle a6comoTHblX CK0pocre111 noporoBblX H8ITTpoHHblX peaK4111i1 Ha 

BH8WHei1 nosepxHOCTl-1 «T0JlCTO&ii» 80Jlbcj:)paMOB011 MIIIW8HIII np111 06nyYeH1-1111 ee npo

TOH8MIII; 

• sep11cp111Ka4111H nporpaMM, 111cnoI1b3Y8MblX AJlfl pacyera M11Kp0CKOnlll48CKIIIX ce

Y8Hv1ri\ 83alllMOAei1CTBl1R npoT0H0B pa3J1114HblX 3H8pr11111 C MIIIW9HHblMl,1 11 KOHCTPYK4"1-

0HHblMIII MaTep111anaM11 3nHY -
209Bi, 208Pb, 207Pb, 206Pb, natPb, 65Cu, 63Cu 111 59Co; 

• sep11cp1-1Ka411R nporpaMM, IIICI10J1b3Y9MblX Ailfl pa~YeTa 11HTerpanbHblX napaMer -

pos Ml1W8HHblX ycrpoi'iicrs; 

• MOA8pH111aa4111st KplllTl1YecKoro creHAa MAKET .qnR npose.QeHIIIR 3Kcnep11MeHros 

C MIIIKpOMO,Q8JlblO TR}K8J10B0.QH0ro 6naHK9Ta; 

• "1CCJ19.QOB8H1118 p830HaHCH0ro nornOLJ..\8H"1R H911Tp0HOB B TroK9Jl0B0AH0M pac

TB0pe 237Np; 

• IIICCJ19,QOB8H11e CKopocreri\ BcVKHei'iiw11x peaK411rii B Ml1KP0M0.Q9!1111 Tfl}K9Jl0B0.QH0-

ro Top11esoro 6naHKeTa. 

.Qocrn:1KeH1-1e nocrasneHHb1x 4eneri\ ocy1.1.1ecrenRnocb c 111cnonbaosaH1-1eM cne

AYIOLJ..\IIIX M8TOAH48CKHX npHeMoe: 

• M8TO.Qa npstMOl1 y-cneKTpoM8Tpllllll 06J1Y48HHblX 06paa4os 6ea XIIIM11148CKOJ.1 ce-

napa4111111; 

• IIICI10Jlb30B8HIIIR BblCOK006oraLJ..\9HHblX no 11ccne,qyeM0My 1130Tony o6pa34oe; 

• M8}t{J186oparopHoro cp88H9Hl1R 3KCnepl1M8HT81'1bHblX peaynbT8T0B; 

• np111MeH8Hl1R coepeMeHHblX P8C49THblX nporpaMM, 11cnoJ1b3YIOLJ..\l1X pa3J111YHbl8 

RA9PHbI8 M0.[1911111. 

Hay•1HaS1 HOBH3Ha pa60Tbl 38KJ1I0489TCR B Cfi8.QYIOLJ..\9M: 

• CYLJ..\9CTB9HHO ycoeepweHCTB0B8H8 M8TO.Q1111<a y - cneKTp0M9TPIIIY9CKl1X 113Mepe

Hl1ri\ CJlO)KHblX CMecei;; P8.Q110HYKJ111.QOB, o6ecneYIIIB8IOLJ..\8s:I 113MepeH11e 3H8Yl1T9JlbHOro 
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K0Jllll4ecrsa BbJXOAOB npOAYKTOB fl,LlepHblX peaK411llil C neplllOAOM nonypacna,Qa OT 10 

MlllHYT AO 30 neT; 

• snepBble no11Y4eHbl 3Ha4eHlllfl He38BlllClllMblX Ill KYMYJlHTIIIBHblX BblXOAOB AJlfl oc

HOBHblX lll30TOnOB CBlllH4a Ill np111pOAHOrO CBlllH4a, lll30TOnos MeAlll, a TaJOKe Allfl BlllCMY

Ta 111 K06aJ1bTa ( 209Bi, 208Pb, 207Pb, 206Pb, "31Pb 111 65Cu, 63Cu, 59Co) np111 3Heprns:ix npo

TOHOB, COOTBeTCTByK)I.J.t111X peanbHblM 3Hepr111RM 311.RY; 

• snepebl9 lll3Mep9Hbl a6COJ110THbJe 3Ha4eHlllfl CKopocrelil noporOBblX peaK4111Jil Ha 

BHeWHelil noeepXHOCTlll BOJlbcj:)paMOBOl/1 Mll1W9Hll1 np111 o6Jly4eHIIIIII ee npoTOHaM111 C 

3Heprnelil 1 raB; 

• snepBble, 111cnOJ1b3Yfl Ha60pbJ 3KCnep111MeHTaJlbHblX A8HHblX, nofly4eHHble B 

3TOl/1 pa6oTe, 04eHeHa npeACK83aTellbH8fl cnoco6H0CTb 14-TIII paC'-leTHblX nporpaMM, 

npr..1MeHReMblX B M£.1P0B0111 npaKT£.1Ke Allfl pacYeTa xapaKTepL-1CT£.1K 3nHY; 

• enepebJe npoBeAeHbl 1,1CC!18AOB8H£.1H pe30HaHCH0ro norno1.1teH£.1fl HeITTpOHOB B 

TroKeJlOB0AHOM paCTBope 237Np; 

• enepebIe npoeeAeHbl 111aMepeH111s:i CKopocrei'.1 ea>KHelilw1,1x peaK4111Jil Top1,1eeoro 

TOnI1£.1BH0r0 41,1KI1a B MIIIKp0M0AeI1£.1 TroKe!l0B0AH0ro Top1,1eeoro 6naHKeTa 1,1 04eHeHa 

BeJ1£.14111Ha OTH0CIIIT911bH0ro H8KOnJ18Hll1fl 232U/233U Ailfl Hee; 

• enepBble npoBeAeHO cpaeHeHll19 OTHOCIIITeilbHOJ,1 npeACKa3aT811bHOl/1 cnoco6-

HOCTVJ 2-x TP8All14J.:10.J:it:JbIX nporpaMM AIIR paCNeTa peaKTopoe (MCU, TRIFON-TRECD) 

111 4-x pacYeTHblX nporpaMM, 1,1cn0J1b3yeMblX B cj:)11131/JKe BblCOKIIIX 3Heprnlil (CASCADE, 

LAHET, CEM-95, INUCL) Allfl 0611acrelil 3Heprnlil HelilTpoHOB 0.025 aB<En<20 MsB 111 

20 MaB<En<1 raB. 

npaKTl-l'·18CKasl L\8HHOCTb pa60Tbl onpeAeJ1s:ieTCfl T9M, YT(? ee pe3y!lbTaTbl MO-

fYT 6bJTb 111cnOJ1b30BaHbl: 

• np111 cj:JopM111poeaH111111 cospeMeHHbJX 61116n1110TeK flABPHbJX A8HHbtx (EXFOR, NSR) 

Allfl np0T0HHblX peaK4111Jil B M8Jl01113Y4eHHblX 0611aCTRX 3Heprnlil; 

• B np111KI1a,QHblX HaY4HblX IIJCC!leAOBaHIIJflX Allfl npoeKTlllp0B8Hlllfl MIIJWeHHOro KOM

nneKca 111 6naHKeTa 3nHY Ill OfTT111Mll1384£.1111 111X s:i,qepHO - cpll13111Y8CKIIIX xapaKTepll1CTll1K 111 

3KcnnyaTa41110HHblX pelKIIIM0B; 

• np111 MOAePHlll384lllll1 BblYIIIC!ll/lTe!lbHblX nporpaMM, 111cno11b3yeMblX ,qml paCY8TOB 

3nHY; 

\ ,, 
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• B cj:JyH,qaMeHTaJlbHblX IIICCI18A0B8HlllflX Ailfl ycoeepweHCTBOBaHlllfl s:i,qepHblX MO

AB/19111 111 pa3BIIITll1fl Teop1111,1 flA8PHblX peaK4111Jil; 

• B CMelKHblX o6nacrs:ix ¢YHA8MeHT8!1bHblX Ill nplllK!18,!lHblX IIICC!leAOB8H111111 (KOC

MOJlOrlllfl, K0CM1114eCK8H T8XH111Ka, cplll311lKa Ill T8XHIIIKa 38proKeHHblX 4ac,-r..14). 

nono>Kemm "1 pe3ynbTaTbl, BblHOC"1Mbl8 Ha 3all4"1yY: 

• M9TOA111K8 111 peaynbTaTbl y - cneKTpOM9TPIIIY9CKIIIX 1113MepeHll1111 BbJXO.Q0B npOAYK

TOB s:i,qepHblX peaK4111Jil C nep1110,qOM nonypacna,qa OT 10 MlllHYT AO 30 neT Allfl 209B i, 
208Pb, 207Pb, 206Pb, ""1Pb 1,1 65Cu, 63Cu, 59Co np111 3Hep111s:ix npoTOHOB 0.13 raB, 1.0 

raB, 1.2 raB. 1.5 raB; 

• pe3yflbTaTbl M9lKJla6opaTOpHoro cpaBH9Hlllfl 3KcneplllMeHT8JlbHblX pe3y11bTaTOB 

Allfl 63Cu Ill 65Cu nplll 3Hepr111111 npOTOHOB 1.2 ras; 
• pe3yllbT8Tbl cpaBHBHlllfl nonyYeHHblX 3H8'-l8Hllll/1 Bb!X0AOB C A8HHblMIII APYrlllX as

T0pos; 

• p83YilbTaTbl lll3M8p8Hll1Jil a6comOTHblX 3Ha4eH11111( CKopocreJii nopor0BblX peaK-

41111'.1 Ha BH9WHelil nosepXHOCTIII «TOJ1CT0111» BOJlbcj:)paM0BOl/1 MIIIWeHIII np111 o6nyYeHl/llll ee 

np0T0HaMIII C 3Hepr111eJil 1 raB; 

• 04eHKa npeACKa3aT8IlbHblX cnoco6HOCT8111 14-TIII Bbl'-ll/lCI1111T8JlbHblX nporpaMM, 

nplllMeHHeMblX s MlllPOB0IA npaKT111Ke AllH pacYeTa peanbHblX xapaKTeplllCTlllK 3nHY; 

• M8TO,!llllKa Ill P83YJ1bTaTbl lll3MepeHIIIJII a6co1110THOJII MOJ.J.tHOCTlll KplllTlll4eCKOro 

creH,qa «MAKET»; 

• MeTOAIIIKa Ill peayJlbTaTbl lll3MepeHlllJII pe30HaHCHoro norno1.1teHlllfl H8ITTPOHOB B 

TfllK8JlOBOAHOM paCTBOpe 237Np; 

• MeTOAlllKa Ill pe3y11bT8Tbl lll3MepeHIIIJII CKopocrelil Ba>KHel/1WIIIX peaK4111lil TOp1,1e

Boro T0nJll/lBHOro 4111K11a B M111KpOM0.QeJllll TroK91l0BOAHOro T0pllleBoro 6flaHK8Ta Ill 04eH

Ka Be/111l4111Hbl OTHOCIIITeJlbH0rO H8KOnneHlllH 232LJ/233U, 

• pe3yllbT8Tbl cpasHeHlllfl npe,qcKa3aT91lbHOl/1 cnoco6HOCTIII pa3fllllYHblX paC'-leT

HblX nporpaMM B o6nacrs:ix 3Hep111Jii HelilTpoHOB 0.025 aB<E0 <20 MaB.lll 20 MaB<En<1 

raB. 

Anpo6a41,1S1 pa60Tbl. PeayllbTaTbl pa60Tbl AOKI18,!lb°JB8JllllCb HB: 

1. II International Seminar on Proton Accelerator Based Transmutation of 
Long-Lived Radioactive Wastes and Utilization of Weapbri Plutonium (Moscow, Russia, 
May 23-27, 1994); 
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2. Workshop on Nuclear Methods for Transmutation of Nuclear Wastes: 
Problems, Perspectives, Cooperative Research (Dubna, Russia, May 29-31, 1996); 

3. Second International Conference on Accelerator-Driven Transmutation 
Technologies and Applications (Kalmar, Sweden, June 3-7, 1996); 

4. XI Me~yHapoA~OM ceM1r1Hape no TO'-IHblM 1r13MepeH1r1RM e RttepH0111 cneK-
TpoMeTpi.11,1 (Capoe, 2-6 ceHrn6pR, 1996); 

5. 4th International Information Exchange Meeting on Actinide and Fission 
Product Partitioning and Transmutation (Sep. 11-13, 1996, Mito, Japan}; 

6. International Conference on Nuclear Data for Science and Technology 
(Trieste, Italy, May 19-24, 1997}; 

7. IAEA Consultancy on preparation of a data base of existing and planned 
experimental facilities for accelerator driven system related R&D (ITEP, Moscow, 
Russian Federation, 24-27 June, 1997}; 

8. International Atomic Energy Agency Technical Committee Meeting on 
Feasibility and Motivation for Hybrid Concepts for Nuclear Energy Generation and 
Transmutation (Madrid, Spain, 17-19 Sept., 1997}; 

9. 3rd Specialists' Meeting on High Energy Nuclear Data, JAERI, Takai, 
lbaraki-ken, Japan (March 30-31, 1998); 

10. 2-nd International Topical Meeting on Nuclear Applications of Accelerator 
Technology (AccApp'98} (Gatlinburg, TN, USA, Sept. 20-23, 1998); 

11. Heavy Liquid Metal Coolant in Nuclear Technologies Conference, 
HLMC'98 (October 5-9, 1998, Obninsk, Russia}; 

12. 3-rd - International Conference on Accelerator-Driven Transmutation 
Technologies and Applications (Praha, June 7-11, 1999); 

13. Me>KJWHapOAHOI/I KOH<pepeH4L1"1 no 3neKTpORAepHblM C"1CTeMaM B nep-
cneKT"1BHOI/I flASPHOlll 3HeprernKe (MOCKBa, 11-15 OKTfl6pR 1999); 

14. 3rd International Topical Meeting on Nuclear Applications of Accelerator 
Technology (AccApp'99) (Long-Beach, CA, USA, Nov. 14-18, 1999); 

15. Specialists Meeting on Shielding Aspects of Accelerators, Targets and 
Irradiation Facilities (SP.Tlf'.-5) (Paris, France, 20-21 July 2000); 

16. XI ceM"1Hape no npo6neMaM cp1,131,1K1,1 peaKTopoe (MocKea, 4-8 ceHTfl6pfl, 
2000); 

17. xv Me)KltyHapOAHOM ci.1Mno31,1yMe no (plr1311Ke AeneH1r1R RASP (O6HIIIHCK, 
2-5 OKTfl6pfl 2000). _ . . ·. 

ny6n1,1Ka1.41r1M. no TeMe A111CcepTalji.11,1 ony6m1KOBaHO 40 Hay'-IHblX pa6oT. 

CTPYKTYPa H 061>eM At1ccepTa'-'1r11r1. A1r1ccepTaLJ1r1fl coCToITT 1,13 ese1teH111fl, 3-x 

rnas, 3aKI1t0'-1eH"1R lr1 CnlilCKa nmepaTYpbl. O61.J.1"1111 06beM TeKCTa, BKillO'-laR plr1CYHKlr1 lr1 

cn111coK nmeparypbl, COCT0fll.J.IL'1111 1113 265 Ha1r1MeHOBaH1r111, COCTaBJlRST 245 CTpaHlr1lj. 
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CO.QEP>KAH~E PA60Tbl 

8 pa6oTe paccMaTp111BalOTCfl B03MO)l{Hble cnoc06bl YHll14T0)1{9Hlr1fl AOI1r0)1{1,1BYLJ.ilr1X 

P8All108KT"1BHblX M8Tep111anoe, npeACT8BJleHa nepcneKT"1sHafl nplr1Hljlllnlr18IlbHaR cxeMa 

3n.RY, 06Cy)l{lt8IOTCfl (plr13"1YeCK"1e 1r1 TeXHlr1YeCK"1e acneKTbl, B03H"1KalOLJ.ilr1e np1r1 pa3-

pa6oTKe ee OCHOBHblX Y3IlOB - YCKOpmenR, M111WeHHOrO KOMMeKca lr1 nOAKPIIIT"1'l8CKOro 
6naHKeTa. 

060CHOBaHO YTB8P>KA8Hlr18 0 H8AOCT8TOYHOCT1r1 lr1H<pOpMa41111r1 0 flA8PHblX AaH

HblX ,QIIR paccMaTp111saeM011 06naCT111 3Hepr1r111. 

Pa3pa6oTaHbl MeTO,QIIIK11 3KCneplllM8HT8JlbHOrO onpeAeneHlr1R flAepHblX ,QaHHblX 

B Tpe6yeMblX o6nacrnx 3Hepm11 Ill Mace flABP. Oco6oe BHI/IMaH1r1e o6paLJ.ieHO Ha 

flAePHble ,QaHHble Ill (p"131/1YeCK"1e liapaMeTpbl, lr1MetOIJ.IIIIB Halr160JlbWee npaKTlr1'lBCK0e 

3HaYeH1r1e, a IIIMeHHO: 

• BblXOAbl ( ceYeHlr1fl} npOAYKTOB flASPHblX peaKLJlllii B TOHK1r1X Mlr1WeHflX; 

• aKTlr1BHOCTIII o6nyYeHHblX M"1WeHel/l 1r1 3H~4eHlr1R MOLJ.iHOCTel/l A03 I/IX y

lr13IlYYeHlllfl; 

• a6COJllOTHbl8 3HaYeHl/lfl noporOBblX CKOpOCTel/l peaKLJl,1111 Ha BHeWHei:1 noeepxHo

CT1r1 «TOIICTOIII» B0Ilb<ppaMOBOl1 Mlr1WeH111; 

• KPll1Tlr1YeCKl/le KOMnoa11141,1111 lr1 3(pcjJeKTbl peaKTlr1BHOCTlr1 B 6naHKeTe 3n.RY; 

• a6COJllOTHble 3HaYeHlr1fl CK0pOCTel/l peaK4111111 B Mlr1KP0M0,llen1,1 Tfl)l{8JlOBOAH0ro 

6naHKeTa 3n.RY. 

<l>OpMaJllll3M npe,llCTaeneHlr1fl 1r1 pa3pa6oTKa M9T0A1r1KIII 3KCnep111MeHT8IlbH0ro on

pe,lleneHlr1fl BblX0A0B (CeYeHIIIIII) npo,QyKT0B peaKLJIIIIII OCH0B8H Ha TOM, 4TO nt0601ti 1,13 

per1r1CTp1r1pyeMblX np0AYKT0B peaKLJlr1111, o6pa3ylOLJ.ilr1XCH np1r1 B3alr1MO,llel/lCTB1r11r1 np0TOHOB 

p83Jllr14HblX 3Heprnlti C Bel.J.18CTB0M, M0)1{8T o6paJOBblBaTbCR ABYMH nyTflMlr1: HenocpeA

CTBSHHO B XOAe 1r1ccneAyeMOl1 peaKLjlr1"1 1r1 np1r1 pacn9Ae "reHeT1r1YSCKlr1X" npe,QweCTseH

Hlr1KOB. B 3TOM c.nyyae lr13MeHeH1r1e K0HLJeHTpa4111111 AByx Jll06bJX o6pa3ytOLJ.ilr1XCR B npo

ljecce o6nyYeHI/IR Mlr1WeHI/I «reHeT1r1YeCKlr1» CBfl38HHblX P8AIII0HYKI1111AOB 

( N, --24 N, ~ ) M0)l{HO npeACTas1r1Tb B B"1.l\e Clr1CTeMbl A"1q>q>epeHLJlr1aJlbHblX ypas

H8Hlr11ti, on111cb1Ba10IJ.IIIIX lr1X o6pa30B8Hllle 1r1 pacna1t. 

"13M8p8Hlllfl BblXOA0B Ailfl T0HKJIIX MIIIW8Helti B A8HHOI/I pa6oTe Bbln0nHflfllr1Cb OT

HOC1r1T8JlbHblM MeTO,Q0M C 1r1cnoJ1bJOBaHlr18M npRMOlti y-cneKTp0M8Tp"11r1 "1 peaKLJIIIIII 
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27 A/(p,x)24Na B Kal.fecrae MOH11TOPHOl,1. C Yl.f8TOM 3TOro, BB0Afl qiopM811bH09 npeA

craBJ1eH1,1e apeMeHHblX ¢YHK41,1111 THna F.(r T)=(l-e_,,,). 1-e-'•" (i =1,2,Na; T - Ailll!T9nb-
' ~ l-e-J.,r -

HOCTb npOTOHHOro IIIMny.nbca ycKOPlllT8nfl, T - neplllOA cneAOB8Hl,1fl IIIMny.nbCOB, k -

41/!C.nO HMny.nbCOB 38 apeMfl o6.ny4eHlllfl), xapaKTep1113ylOU\HX pacn8A HYK.n"1AOB 38 

apeMfl o6ny4eHlllfl, Ill Bb1paa111B, K8K 3TO np111Hf1TO 8 OTHOCI/IT9.nbHblX 1113MepeHIIIRX, aem1-

4111HY ¢1110eHca npOTOHOB 4epe3 C848Hl/18 MOHIIITOpHOl,1 peaK4IIIIII - CTst, onpeA8I11'18Mbl8 

B0I11114111Hbl MO}KHO npeACT88111Tb 8 BIIIA8 

a-= A. .NAJ.FNa.CT , (1) 
' T/,&,F,N Na N, 1,,. " 

CT-= A, _N.,_).,-).,FNa_CT, (2) 
1 V1T/,&,F,N"" N, A, ANa " 

u,.,,=(A,+A,.1,)· 1 .NAJ_F,, •. o-, (3) 
2 F, F, k 1/,e,N,,. N, ;i,,,. " 

a;"°=a;'"+v.-a;""=(A,+A')·--1- .NAJ_F,, •. a,., (4) 
F, F, 1/,e,N,,. N, ;i,,,. 

rAe cr/JJm - KYMYilflTIIIBHOe Cel.feH111e (BblXOA) nepeoro HYK.nlllAa; old III er/um -

H93881,1CIIIM08 Ill KYMYI1flTIIIBH08 C848Hlllfl (BblXOAbl) BTOporo HyK.nl,1,Qa; NAJ, Nr · 4111CI10 

flA8P 8 MOHIIITOpe (craHAapTe) 11 B 3KCneplllM0HT8.nbHOM 06pa34e; NNa - 41,1CI10 l'IA9P 

24Na, o6pa30888Wl1XCfl 8 MOHITTOpe; 1]1 IA 1]2 - a6conlOTHbl8 KB8HT08bl8 BblXOAbl y

m-1Hllll,1; &1 11 &2 - 3<ptj:leKT11BHOCT11 per111crpa411111 cneKTµoMeTpa s n11Kax nonHoro norno

U\8Hl1fl AI1fl 3H8prllllll y-KB8HTOB E111 E2 ( B ,QanbH8111W9M - 3!pq:l9KTIIIBHOCTIII); v1 - ~o

scpq:i11411eHT BeTBneH11f1 CX8Mbl paCn8Aa nepeoro HYK.nl1,Qa; A.1, A.2, A.Na - nOCTOflHHble 

pacna,Qa ,Qilfl nepaoro Ill BTOporo HYK.nl/lA8 11 
24Na, COOTB8TCT89HHO; Ao, A1, A2 - 4111C

I18HHbl8 K03!pq:ll1L\118HTbl, onpe,Qen>1eMbl8 cj:ll•1Tl1p0B8Hlll8M 3Kcnep111MeHTanbHblX 3Ha-

49H1,1111 CKopocre111 C48Ta e n111Kax nonHoro norno1.4eH11R np11 3HeprnflX E111 E2. 

B sKcnep11MeHTax 111cnonbao0ancs:1 y-cneKTµOMeTp Ha 6a3e IBM PC c .Q8TeKTOPOM 

GC2518, pa3peweH11e KOToporo Ailfl r-n111H111111332 K38 60Co cocraens:ino 1.8 K38. 

A.nfl o6.ny48Hl1fl nplllM8Hfl1111Cb BblCOK006ora1.4eHHbl8 no 11CCJ18.f.lY8MOMY HYK.n11AY 

3KCnep1,1MeHTanbHbl8 o6pa34b1, 6nl13Klll8 K MOH01130TOI1HblM 1,1 npe,QCT8BflfllOU\118 co60111 

M8T811111148CKH8 ,Ql1CKIII ,[1118M8TpOM 10.5 MM Ill TOflll\lllHOIII 0.1-0.4 MM. np1,1 T8Kl>1X TOI1-

U\11H8X 06paa40B AOilfl BTOPlll4HblX npo4eccos npeHe6p8JIO,IMO Mana. B K848CTB9 MO-

{', 
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HITTOpoe 111cno.nb308811111Cb Al-¢0.nbrn 111A8HT1114HOro Al1aMeTpa Ill TOI1U\11Hbl. COA8p)Ka

Hlll8 Xl1MIIIY8CKIIIX np111Mece111 B Al He np8Bb1Wano 0.001 %. 

06ny4eH11>1 Bbln011Hfln111cb Ha ABYX H83881,1Cl,1MO Bbl80,Ql1MblX BH8WHIIIX npoTOH

HblX nyYKax Cl1HXporpoHa "1T3<P Y-10, C yKa38HHblM11 H11)1{8 napaMeTpaM111: 

• BblCOK03HepreT111YHblH, 06ecne411aa101.41111,1 BblBOA npOTOHHOro ny4Ka 8 A11anaao

H8 800 - 2600 MsB (111M88T C8Y8Hlll8 B q:JOpMe snn111nca C OCflMIII ~ 20x12 MM, IIIHT8H

Cl1BHOCTb ~2-10
11 

npOTOHOB B IIIMny.nbce, CKOpOCTb CI18AOBaHl,1fl lllMnynbCOB ~16 MIIIH-1, 

AI111TeilbHOCTb 11Mny.nbca ~ 0.5 c); 

• Hlll3K03HeprernYHbllll, o6ecne4111Ba10U\l1H BblBOA npOTOHHoro nyYKa B A11anaaoHe 

70 - 200 MaB (11M88T C848Hll!e 8 <pOpMe Kpyra ,Q1,18M8TPOM ~30 MM, IIIHTeHCl1BHOCTb 

~5-10
9 

npOTOHOB B 11Mnynbce, CKOpOCTb CI18,QOB8Hl1R 11MnynbCOB ~16 Ml1H-1, AI1111T8flb

HOCTb 11Mnynbca ~100 HC). 

B xo.Qe 113MepeH1111 6b11111 npoee.QeHbl AOnonH11renbHb1e 11ccne.QoeaH11s:1, Hanpas-

neHHb1e Ha CHll!)KBHIIIB norpewHOCTeH nonyYa8MblX peaynbTaTOB, a 11M9HHO: 

• YT04H8Hl1e H8111TpOHHOH cocrasns:1101.4e1,1 B Bb1B0A11MblX npOTOHHblX ny4Kax; 

• YTOYH8H11e C848Hl1R 11cnonb3Y9MOH MOHl1TOpHOl,1 peaK41111 27 Al(p,x)24Na; 

• 11ccne.QoaaH11e 3aa11ci.1MoCT11 acf>cf)eKT1,1aHocr1,1 per11crpa4111,1 y-cneKTµoMeTpa 

OT reoM0Tp1111,1 pacnono)KeH1-1s:1 "13MepsieMoro 06.nyYeHHoro 06pa34a; 

• om11M1,13a41,1si nporpaMM 06pa60TK11 r- cneKTpoa. 

Pe3yflbTaTbl "13MepeHl,11,1 H814TpOHHOL4 COCTasnsi101.4e1,1 8 BblBOA"1MblX npOTOHHblX 

nyYKax npe,QCTasneHbl Ha p1,1c_ 1, 2; C948Hl,1fl 1,1cnonb3y8MOH MOHlt!TOpHOl.4 peaK41,11,1 - Ha 

p11c. 3; BblCOTH0-3Heprern4ecKaR aaa1,1ci.1MOCTb - Ha p1,1c. 4. 

AHanlo1Tlll48CKOe np9,QCT88119Hl,19 aae11C1,1MoCT11 acf>cf>eKT1,18HOCT1,1 perncrpa4111,1 

cneKTpOM9Tpa OT BblCOTbl 1,1 3Hepr1111,1 Bblp8)KeHo B B11,[18 q:>OpMynbl 

e(E,H) = &has.(E)·[(q1 + q2 • lnE + H1,as.)]2 (5), 
(q, +q2 •1nE+H) 

r,Qe q1, q2- napaMeTpbl, onpe,QenReMbl8 q:JITT"1p0B8HL'18M 3Kcneplo1M8HTailbHblX peaynb
TBTOB. 
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Neutron background around proton beams 
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P1,1c. 2. HeihpoHHast co

CTaBnstio~ast B BblBOA"1-

MblX npOTOHHblX nyYKax 

pa311"1'-1HbIX 3Heprni1. 
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P1,1c.3. 3Ha'-18H"1SI CB'-18H"111 MOH"1-

TOpHOl1 peaK41111,1 
27 

Al(p,x)
24

Na. 

10
2 10

3 

E.,[keV) 
10• 

P111c.4. 3Kcnep"1MBHT8flbHbl8 3H8-

'-IBH"1SI "1 pac4eTHOe MOABfl"1POBa

H"18 scpcpeKMBHOCT"1 pernCTpa41,11,1 

cneKTpOMBTpa. 

AHafl"13 nporpaMM o6pa60TK"1 y-cneKTpOB npO.Q8MOHCTP"1POB811 npe1,1My~eCTBO 

nporpaMMbl GENIE-2000 c "1HTepaKT"1BHblM pe>K"1MOM no.QrOHK"1 n"1KOB, o6ecneY"1-

B810l.l.\"1M OT06pa>KeH"18 Ha 3KP8HB MOH"1T0p8 HOpM8.n"13088HH011 pa3HOCTl'1 MB)K,QY 

A8HHbtM1'1 1,1 no,QrOHKOH, 4TO n03B011SIBT KOppeKT"1pOBaTb pe3ynbT8Tbl 8BTOM8Tl'1'-IBCKOl1 

06pa60TK1-1. 

norpeWHOCT"1 nonyYeHHblX 3H8'-IBHl'111 BblXO.QOB npO.QyKTOB npoTOHHblX peaK41111 

n8)K8T B npe.Qenax (10-35)%. nocK011bKY B 6onbW"1HCTBe cny'-188B npB.QCT8BflBHHblB 

15 

peaynbT8Tbl nony48Hbl ycpe.QHBHl'18M H8CKOflbKl'1X 3H848Hl-114 BblXOAOB (ui±Llcr;), onpe

,QeneHHblX no paan"14HblM y-fll1H11SIM, TO 11X cpe.QHl18 3H8'18Hl1SI "1 3Kcnepl1MBHT811bHblB 

norpeWHOCTl1 Bbl'111CJ1Slfll1Cb no cpopMynaM: 

Lai¥; 
- . z 
a= ~, r.QB W, == 1/ /'J.a, , k,.,w, 

I 

LW.<u-aY 
da'= I~·~· --(n-l)LW. 

I 

/'J.ai'= ~-~I_W, 

(6) 

(7) 

(8) 

8 OKOH48T8flbHblX peaynbT8T8X B K8'-18CTBe 3Kcnepl'IM8HT8nbH011 norpeWHOCTl'I a-
np11Hl1M8fl0Cb H81'160IlbW8e 1'13 3H848Hllll1 a' l'1 a-" , nonHast norpeWHOCTb 113M8pS18MblX 

BblXOAOB, npe,!lCT8B118HHbtx BblWe, C Y48TOM norpeWHOCTl1 MOHITTOpa Bbl411Cnst.nacb no 

cpopMyne 

/'J.a-
(T (t~J +( ~"J (9) 

norpeWHOCTl'1 H838B1'1CIIIMblX Ill KYMYnstrnBHblX BblXOAOB npo.QyKTOB peaK411H Anst 

OT.QBnbHbtx y-n11Hl111 /'J.0-1. Bbl41-1CJl8HHbte C 11cnonb3088Hl1BM Bblpa>KeHl111 (1) - (4), onpe

.Qenstnl1Cb C 1,1cno.nb30B8Hl18M cpopMyflbl nepeHOCa ow1160K. KaK nOK83bIB8BT aHarn,13, 

OCHOBHOl1 BKJ18.Q B 0011HYIO norpeWHOCTb BHOCSIT Heonpe,QeneHHOCTl-1 3H8'-18Hl'111 l-1C

nonb3Y8MbIX SI.QepHblX A8HHblX - a6co.nlOTHblX KBaHTOBblX BbtX0,!10B 11 C848Hl111 MOHl-1-

TOpHblX peaK41-111. CBO.QK8 no.ny'-IBHHblX pe3y11bT8TOB npBACT8Bfl8Ha B ra6n. 2. 

C 4e11bl0 A00011HITTenbHOl1 nposepl{l,1 A0CTOsepHOCTl1 nonyYeHHblX pe3ynbT8TOB 

6blfl0 opraHlll30B8HO I/IX MB>Kn86opaTOpHoe cpaBH8Hl18. 06p834bt 
63

•
65Cu, OAHOBpe

MBHHO o6ny4BHHbl8 B 11,QBHT"1'-IHblX YC110B11SIX Ha ycKop11rn.ne l-1T34>, 6bl1111 l-13MepeHbl 

HB38B111Cl1MO B l-1T34> 11 B flnoHCKOM l-1Hcn,rryT8 S!.Q8PH0-3HBpren,4eCK1,1X 11cc.ne.Q0Ba

Hl1!1 (JAERI). PeaynbT8Tbl cpaBHBHl'1SI, BblnOnHeHHbl8 C 1,1cno.nb30B8Hl'18M «Kp11Tep1-1st 

cornaCl-1st» <F> (CM. cpopMyny 11) npe.QCT8Bfl8Hbt B B11.QB "1X CT8Tl'1CTI1'-18CKl-1X pacnpe

ABI18Hl111 (rnCTorpaMM) Ha p1,1c. 4. OHl-1 CB11.Q8T811bCTBYIOT O xopoweM cornac111,1 3H8'18-

H11111 BblXOAOB npOAYKTOB peaK41111, nony"IBHHblX B 06e11x na6opaTOpl1SIX. 
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Ta6111,14a2 
4MCJ10 BblXOAOB npOAYKTOB peaKl..\l-1111, l-13MepeHHblX B KIDKAOM 3KCnepl-1M9HT8 

Ml-1W8Hb 3Heprl-1R npoTOHOB (f3B) 4l-1CI10 l-13M8-
0.07-0.2 1.0 

LU~Bi 26 
""

0 Pb 20 114 
LV'Pb 22 
~UCPb 22 
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wcu 6 
""Cu 11 
"~co 75 
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.OrrEP./0 JA.EP.l.i <11TEP.1°JAE.A1,1 

Pi,,c 5. Pe3yI1bT8Tbl cpaBH8Hl-1R BblXO
AOB npOAYKTOB peaKl..\111111 a 63

•
65Cu npi,, 

Ep=1.2 raB, l-13MepeHHblX a VIT3<1> (Ae
TeKTop GC2518) 1-1 JAERI (AeTeKTOpbl 
VHTRC l-1 FNS). 

35 

30 

"' 
20 

1.2 

43 
40 
39 

10 I· 

5 

• 0 

30 

25 

20 

15 ,. 

1.5 

99 
94 
93 
92 
93 
36 
35 
-

··=··-·-· .. ··· :=J1~ 
ITEP~ZSR 
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GITEp/O'ZSflJ 

15 ,.. ,. 
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PMC 6. P83Y1lbT8Tbl cpaBH8Hl-1R BblXOAOB 
npOAYKTOB_peaK4l-1III a 208Pb - nal.pb np111 
Ep=1.0 f:38; (Vlt3c:t>-ZSR); nal.pb - nal.pb 
np1,1 Ep=1.5 raB i VIT3<1>) 111 Ep=1.6 raB 
(ZSR); 208Pb - 20 Pb npl-1 Ep=1.0 f3B, 
(VIT3<1>-GSI); 208Pb - nat.pb np111 Ep=1.0 
raB, (GSI-ZSR). 

,QonOilHIIIT8IlbHb18 cpaBH8Hl-1R peay.nbT8TOB, nOI1Y'J8HHblX B VIT3<1> - ZSR (npHM8R 

y-cneKTpoMeTpl-1R) 111 a I/IT3c:t> - GSI (npRM8H 1-1 o6paTHaR KL-1HeMaT111Ka) np1-1aeA8HHb1e 

Ha p111c.5, T8IOK8 nOATB9p,KA810T AOCTOBepHOCTb npeACT8BI18HHblX pe3y1lbTaTOB. 

HeCOMH8HHO, 'ITO CYIJ.\8CTB9HHYIO ponb np111 peweHMl-1 c¢opMy111-1posaHHOIII Bbl

we 38A8'1111, a IIIM8HHO - q>OpMl-1pOB8Hllll'I Cl-1CT8M .RA8pHblX KOHCT8HT AI1R 3nflY, ,qoroK-

17 

Hbl 111rpaTb TalOKe 1,1 P8C'-18THbl8 M8TOAbl. noaTOMy B H8CTO.RL4e111 pa6oTe 6onbWOe 

BHIIIM8Hl/l8 YA8IlRI10Cb sep111cj:J111Ka4111111 P8C'-18THblX nporpaMM, Ha1116011ee '18CTO l-1cnOnb-

3Y8MblX B Ml-1p0BOIII np8KTIIIK8 ATlR 3TOIII 4011111. 

8 3TOM acneKTe l-1CCJ18AOB8Ill,1Cb 13 nporpaMM: 

• KaCKa,qHo-aKcITTOHHaR CEM95 111 ee MOA111cj:J111Ka41-151 CEM2k, 

• K8CK8AHo-111cnapi,rrenbHO-Ae11111Te11bHO-TpaHcnopTHaR CASCADE, 

• K8CKaAHo-111cnapi,rrenbHO-AeT1111TeT1bHO-TpaHcnopTHai:1 CASCADE(INPE), 

• K8CK8AHo-npe,1:1pasHosecHo-1-1cnapITTe11bHO-A8n111TenbHaR INUCL, 

• KaCK8.QHo-111cnap111Te11bHaR HETC, 

• KaCKa,qHo-111cnap1-1Te11bH0-,1:1e11111Te11bHa>1 LAHET, 

• npeApaaHoaeCHo -111cnapl-1TeJ1bHai:1 GNASH, 

• npeApaaHoBeCHo -111cnap111TeJ1bH8R ALICE, 

• KB8HTOBO - MOIISKYmlpHO - ,Q"1HaM"148Cl<afl OMO, 

• K8CK8.QHO -- 111cnap111Te11bHO - ,qennrenbHaR NUCLEUS, 

• nonycj:JeHoMeHonorn'lecKai:i YIELDX, 

• no11ycpeHonor111'-lecKa>1 cpopMyna Foshina et al. 

CneAyer "1M8Tb B Bl-1.QY, 'ITO B OTTll-1'-ll-18 OT paC'leTHblX, 3Kcnepl-1M8HT8JlbHbl9 A8H

Hb18, nony4SHHb18 MSTOAOM npRMOIII y-cneKT!>OMSTPl-1111, C0A8P}K8T He TOTlbKO H838Bl-1-

Cl-1Mbl8 BblXOAbl OCTaTO'IHbJX 51A8p-np0AYKTOB, HO Ill, r1188Hb1M o6pa30M, KYMYilRTIIIB

Hble. no3TOMy ATlfl KOppeKTHOro cpaBH8Hl-1R paC'-18THblX 111 3Kcnep111MeHTaI1bHblX ,Q8H

Hb1X Heo6xoAl-1MO Ha OCHOBe paC'leTHblX H838BlllC111MblX BblXOAOB Bhl'll-1CI1l-1Tb KYMY11R

Tl-1BHbl8. C Y48TOM onpeAS118Hl-1i1, np"1B8A8HHblX BblWe, paC'-18THble 3H8'18Hl-1R KYMYI1R

T"1BHOro BblXOA8 n-ro HYK11111Aa MO}KHO Bbl'll-1CI1111Tb no cpopMyne 

n-l n-1 

CTcum = CTind ..i... ~ aindnV 
n n '~ I j 

i-1 J-; (10) 

<l>OpMyna (10) 6b111a nony'leHa B npe,1:1nonO}K8HV1"1, 'ITO P8388TBJ18HHbl8 (38 C'-18T 

"130MepHblX nepexo,1:100 l-1 a.-pacna,qa) 111306apHb1e 4eno'IK111 scer,1:1a MO}KHO npeACTa

B"1Tb B Bl-1,tte cynepno31114111111 Hepa3B8TBil9HHblX (I1111H8111Hb1X) 4eno'-1eK. 

,Q1151 KOppeKTHoro cpaBH8Hlllfl paC'leTHblX P83YI1bT8TOB, nony'leHHblX no p8311"1'1-

HbiM nporpaMM8M, OHi/i 6bl11111 nepeHOpMIIIPOB8Hbl Ha 8A"1Hb18 C8'18H"1R Heynpyroro 

83Bl-1MOA81-1CTBl-151 npOTOHOB C R,ttp8Ml-1 Ml-1W8H8111, Bbl'll-1C118HHbl8 no 1113B8CTHOIII cj:JOpMy
ne neTOy. 
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8 Ka4ecrae "KP111Tep111ea cornaCIIIR" pac"!eTHblX 111 3Kcnep111MeHTaI1bHblX AaHHblX 

nplllHIIIM811111Cb: 

- OTillll'-11119 paC"l8THOro 3Ha"l8HIIIR OT 3KCneplllM8HT811bHOro He 6onee "18M Ha 30% 

(0.77<crca1c./CJexp.< 1.3), B 3TOM cny4ae T04HOCTb MOA8Ilt,ipOBaHI/ISI MO}KHO npeACTaBIIITb 

B BIIIA8 4111CI1a T8KIIIX C06bITHi1 no OTHOW8Hti1to K 4111CI1Y cpaBH8Hllli1; 

- cpeAHRSI 88111114111Ha OTHOW8HIIIR COBOKYnHOCTIII paC4eTHblX peaynbTaTOB K 3KC

nep111M8HT8I1bHblM 

(F) =IO ./{(lg(a,.,,/a .,.,l'} (11) 

CO CTaHA8pTHblM OTKI10H8Hlll9M 

s((F))=(~1g(cr •• 1c.,/o-.~J-1g((F))j), (12) 

rAe ( ) - 03Ha4aeT ycpeAH8Hl/le no BC8M j',;,1 _ .. Ns, rAe Ns - 4111CI10 3Kcnep111,MettraI1bHblX 

Ill paC48THblX peaynbT8TOB, IIICnOnb3yeMblX AilR cpasHeHI/ISI. 

0TM8TIIIM, 4TO cpeAHRR B91111141/1Ha OTHOW9HIIIR (F) BMecre co CBOIIIM CTaH,[lapT

HbtM OTKI10HeH111eM S((F))onpeAenReT IIIHTepaan {(F)/S((F)), (F)xS((F))], KOTOpb1i1 no

Kpb1aaeT 0KOI10 AByx TpeTei1 OTHOW9Hllli1 paC4eTHbtX pe3yilbT8TOB K 3KCnep111MeHTaI1b

HblM. 

PeaynbT8Tbl, nony4eHHbte C np111MeHeH111eM nepe41/1CI18HHblX nporpaMM, B rpacp111-

48CKOM BIIIAe npeACTaBI19Hbl B AlllccepTa4111111 AilR K8}KAOro 3KCneplllM8HT8, HO B aBTO

pecpepaTe (p111c.5 - 8) nplllBOARTCR peaynbTaTbl cpaBH8HIIISI TOilbKO AI1R 
208

Pb np111 Ep 

=1.0 rsB, TaK KaK Ha aT111x )1{8 rpacp111Kax 4aCTlll4HO npeACTaBI1eHbl peaynbTaTbl 111alV!e

peHi;,t:1 BblXOAOB npOAYKTOB p88K4IIIVI, nony48HHbl8 nplll B38111MOA9VICTBIIIIII IIIOHOB 
208

Pb C 

)KIIIAKOBOAOPOAHOVI MIIIW8Hbl0 np111 TOVI )1{8 3Hepr111111 B nepec4eTe Ha HYKilOH, 1113MepeH

Hb18 a GSI (Darmstadt) c 111cnonbaoaaH111eM TaK Ha3blBaeMoi71 o6paTHOiil K111HeMaT111K111. 

• Ha p111c. 5 npeACTaBI18Hbl peaynbTaTbl A8T811bHOrO cpaBH8Hlllfl 3KCnep111MeH

T8JlbHblX Ill paC48THblX 3Ha48HIIIVI BblXOAOB paA11108KTIIIBHblX flA8P npOAYKTOB (Kp111Tep111111 

1 ), 

• Ha p111c. 6 - cornacosaHHOCTb 3KCnep111MeHTaI1bHblX Ill p8C4eTHblX 3Ha48HIIIVI. no 

Bb1XOA8M RA8P - npOAYKTOB (Kp111Tep1111112), 

• Ha p111c. 7 - 3Kcnep111MeHTaI1bHbl8 Ill paC4eTHbl8 M8CC0Bbl8 pacnpeA8Il8Hlllfl npo

AYKTOB peaK4111i1, 

\i 
19 

• Ha PIIIC. 8 - 3KCnep111M8HTa11bHbte III pac48THb18 3Ha48Hlllfl H83aBIIICIIIMblX BbtXO

AOB H8KOTOPblX npOAYKTOB peaK4111111. 

:a .s 10• )I( CASCADE/INPE <F>-=1.84 YIELDX <F>-2.87 
_§ 

A LAHET <F,-2.06 
0 CEM95 <F>-2.17 
':Z CASCADE <F>:2.28 • U..t"t:.t1JM~ 

INUCl <F'>=2.67 
liETC <F>-=3.65 i 10 ~-"-- _11.:·"'.,ia•: ~ « _.._ 

j 1 

25 

20 

15 

10 

20 

17,5 

15 

125 

10 

7,5 

5 

2,5 

,. . .. le:c", 

:: :[ ;; .. .,,,, n .. ~, n;, ,, ,; nd Y/~t:;;f Jr f ~,• H th~, 
-- . ---

10' 

10 

-1 
10 

,"•/!~ 
. •·· d: 

;; i v : 
\ ,.l .\.f:\._._,. ·I 

- .e, ' l 
t0~);;11;~fll~8lf&trr~1ftFi~¥iillfjfftfFfF~tffi~~ffi ~ - o o • t, > - ~ ~ ll ~ ~ - ! • - • - - - - ~ ; !, 0 ! !1 ~ ! . 0 • • a il S & i ii §, 2 g g g 

0.01 

P1-1c. 5. CpaaHeH111e 3KcneplllM8HTaJlbHbtX (3aKpaweHHbl8 CIIIMBOJlbl) Ill paCC4111-

T8HHblX no nporpaMMaM CEM95 111 LAHET (OW,bITble Cl-1MB0Jlbl) 3H848HIII~ Bbl-
XOAOB paA111oaKT111aH1:,1x RAep - npoAyKToa .t1nR Pb np111 Ep=1.0 raB. 

45 -45 30 
40 40 
35 35 

25 

30 30 20 
25 25 
20 20 15 

15 15 10 
10 10 

5 5 5 ~< 
0 0 0 CEM95 LAHET LAHET(BERTINQ INUCL 40 

50 
35 35 

1 j 30 40 30 

25 25 
30 

20 20 

15 20 15 

10 
. 

10 
10 ~ 

5 

Hltrc 100 0.01 CAStADE 100 0.01 CASCA6EilNPE 100 0.01 vn;lox 100 

0 caic/0 e,;,,i 
0

cai,;,/C1exp,i 0 ca1c/<1e><p,I C1cak/0 exp,! 

P111c. 6. CornacoaaHHOCTb 3Kcnep111M8HT8JlbHblX III p8C48THl:,IX pe3yilbTaTOB 
no BblXO,QaM flA8P npOAYKTOB 208Pb np111 Ep=1.0 ras. 
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Spallation products 
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Pvrc. 7. 3KcnepvrMeHTanbHbre ("1T3<l> 1-1 GSI) 1-1 pac4en-tble Maccosbre pacnpe

A8Jl8Hl-1S1 np0AYKT0B pea1<4V1VI 208Pb npvr Ep=1.0 raB (0611aCTb M8CCOBblX 41,1-

cen BblW8 140 Bb(AeJleHa 0TA8IlbH0 AJ1S1 A8T8IlbH0VI A8M0HCTpa41,11,1 3KCnep1,1-

MeHTaJ1bHblX AaHHblX GSI). 

OAHOBpeMeHH0 C paC49THblMVI pe3yilbT8T8Ml-1 Ha p1,1c. 7 npeACT8BJ19Hbl 3KCne

pvrMeHT8!1bHble 3H848HV!fl KYMYJlS'ITl,IBHblX BblX0A0B np0AYKT0B, Havr6onee 6rn13KVIX :K 

CT86Vl!lbHOMY Vl306apy AJ1S1 A8HHOl1 M8CCbl (npvr H8Jl1,141,11,1 «119B011» "' «npasovi» serae11 

4en04Kl-1 - cyMMa T8KHX BblX0A0B C o6evrx CTOPOH). O4eBl,IAHO, 4T0 paC49THbl9 pe-

3Y!lbT8Tbl, npHB9A9HHbJe Ha p1,1cyHKax, He np0TI1B0pe4aT 3KCnepvrMeHT8J1bHblM A8H

HblM, ecn1-1 paC4en-tble 3H848HHS1 !18)1(8T BblW9 3KcnepHM9HT8!1bHblX 1,1 nOBT0pS110T VIX 

06UJYIO T8H,[18H4HIO. 3TO 06bflCHS19TCS1 TeM, '-IT0 1,1cno11b3Y9MblVI M8T0A npRMOVI y

cneKTpOMeTpvr1,1 J103B0J1fl8T 1,1AeHrncp1,141,1poeaTb TOJ1bK0 P8AH08KTHBHble np0AYKTbl, 

K0T0pble, K8K npas1,1110, BKJ1I048IOT 3H8'-IITT8J1bHYIO A0J1IO n0!lHOr0 Maccosoro BblXOA8, 

HO, np1-1 Haill,141,11,1 CTa61,1J1bHoro 1,1306apa ( 1,1111-1 1,1306apos) A8HHOVI M8CCbl, HlllKOrAa He 

paBHbl eMy B T04H0CTl-1. 

Pe3yJ1bT8Tbl J10!1H0ro aHan1-1aa cpasHeHHfl 3KCnepHMeHT8IlbHblX 1-1 paC48THblX 

A8HHblX 6blJ11,1 ycnOBHO pa3AeJleHbl Ha ABa AHana30Ha M8CC0BblX 41-1Cen Ill AB8 A1t1ana-
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30Ha 3Heprnvi: 06J18CTb Tfl)Ke!lblX (Bi,Pb) 1,1 cpeAH"1X (Cu,Co) S1Aep, o6naCTb BblCOKVIX 

(1.0-1.5 foB) 1,1 Hlll3KIIIX (0.07-0.2 foB) 3Heprnvi. AeranbHaR 1-1HcpopMa4vrR no Bb1AeJ1eH

HblM Al-18J1830HaM np111eeAeHa B Ta611. 4. KpoMe Toro, B Ta6n. 4 npeACT8BJl8Hbl CBeAe

Hl-1fl O npeACK838T8!lbHOVI cnoco6HOCTl-1 KffiKAOVI 1,13 nporpaMM no KffiKAOMy Ha6opy 3KC

nepl-1M9HT8IlbHblX A8HHblX. 
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Product mass 

P111c. 8. 3KcnepHM8HT8!lbHble (npRM8fl 1-1 o6parHafl KVIHeMarnKa) Ill p8C49THble 
3Ha4eHlllfl He3aBIIICVIMblX BblXO.QOB AnS1 208Pb np1-1 Ep=1.0 raB. 

8 Ta611. 4 np1t1HITTbl cneAYIOUJl-19 0603Ha4eHHfl: Nr -nOJ1HOe 4111CJ10 1/13MepeHHblX 

BblXO.QOB; NG -4111C!10 1/13MepeHHblX BblXOA0B, Bb16paHHblX A!lfl cpasHeHV!fl C paC49THbl

Ml1 ABHHblM11; Ns -4VICJ10 p8C'-18THblX BblXO.QOB 113 cnHCKa NG , npeACTaBilfleMblX npo

rpaMMOVI; (F) CO CBOl,1M CT8HA8PTHblM OTKJ10H9Hl-1eM S((F)J-cpeAH9KB8AP8-TV14HOe OT

K!lOHeH11e P8C49THblX peayJ1bTBT0B OT 3KcnepHMeHT8J1bHblX; Nc1.3 -'-IIIICJ10 cpaBH9Hl-111, 

npvr KOTOpblX paC4eTHble 3H849HV!fl 0T!llll48IOTCfl OT 3KcneplllM9HT8IlbHblX He 6onee 

4eM Ha 30%; Nc2.o- 4t,1CJ10 cpaBH9Hl-111, np111 KOTOPblX pac4eTHble 3H849Hl-1S1 OTJ111'-18IOTCH 

OT 3KcnepHM9HT8IlbHblX He 6011ee 4eM B 2 paaa. 

BBl-1AY Toro, 4TO TO!lbKO ~2/3 npOAYKT0B flBJ1fllOTCS1 npOAYKT8Ml,1 cnanneviwH

peaKL\IIIVI, Ba>KHblM Kp1-1rep1,1eM pa60Tocnoco6Hocr111 nporpaMM RBJ1ReTcS1 HX cnoco6-

HOCTb MO.Qe11111posaTb npo4eCCbl BblCOK03HepreTl14eCKoro A9J1eHl1fl 1-1 ¢parMeHTa411l11. 
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CpeAll'I 111cnOI1bJyeMblX nporpaMM TOilbKO nporpaMMa YIELDX MOAe11111pyeT BblXO

Abl ffAep ecex Tpex H86I110A8eMblX B 3KCnep1.1MeHTe KaH8l10B peaK41.111 (rny60KOe 

paCU,1en11eH1.1e, AeI1eH1.1e, ¢parMeHTa41.1si). nporpaMMbl LAHET, CASCADE, INUCL 111 

NUCLEUS MOAe111,1pyt0T my6oKoe pacll\enneH111e III ABI1eH1.1e, a nporpaMMbl HETC 111 

CEM95 -TOilbKO my60K09 p8CLl.\90l19H111e, 4TO npOHBilffeTCff K8K 38 C4eT Hll13KOl1 aen1,1-
' 4111Hbl KOI111149CTB8 npOMOAen111pOB8HHblX npOAYKTOB (napaMBTP Ns B rn6n. 5), T8K 1,1 1113 

XOJ:18 pac4eTHblX KPIIIBblX Ha p111c. 5,7. 

Ta6n1114a4 
O61..1.\aff CT8Tll'ICTll!Ka cpaBH9Hll'll13KCnep111MeHTanbHblX 111 paC49THblX pe3yilbT8TOB no 

Bb1XOA8M ffAep-npOAYKTOB 

nporpaMMa 0-'·""Cu, Ep=0.13r3B bljco, ""Co, o.i,o:icu, Ep=1.2, 1.5r3B 
Ep=0.07, 0.10, 0.13, 0.20r3B Nr=193, NG=161 

Nr=92, NG=71 
Nc1.:i/Nc2.0/Ns {F) S((F)) Nc1.3'Nc2.o/Ns (F> S((F)) 

CEM95 27/46/64 2.24 1.88 46/96/149 2.22 1.69 
LAHET 27/45/69 2.33 1.86 45/112/151 1.90 1.47 
INUCL 15/39171 2.51 1.74 38/89/153 2.20 1.65 
HETC 8/21/49 5.47 3.47 19/43/96 4.47 2.93 

CASCADE 5/10/33 .... 3.97 2.23 20/58/152 3.40 2.09 
ALICE (Fermi) 7/15/34- 3.17 2.02 - - -

ALICE (Kataria) 12/21/34- 2.15 1.64 - - -
YIELDX 24/45171 2.28 1.78 64/142/160 1.59 1.33 

NUCLEUS 8/14/30- 2.85 2.02 16/54/89* 2.18 1.51 
FOSHINA et al. 14/36/71 2.72 1.90 43/108/156 2.25 1.81 

QMD 11/24/32** 1.98 1.60 17/50178* 2.45 1.81 
nporpaMMa .uu,.u, ··=Pb/u' Bi, Ep=0.13r3B "uu,.cu, '"'=·""'Pb, .u~Bi, Ep=1.5r 38 

Nr=90, NG=76 Nr=584,NG=508 
.. , . · N.;, ::itNc:i.o/N's (F) S((F)) Nci::vNc2.o/Ns (F) S((F)) 

CEM95 '"· 37/59176 2.16 1.94 .. , 184Ja05/386 1.96 1.71 
LAHET 42170176 1.47 1.28 138/375/507 2.03 1.62 
INUCL .. 23/48171 2.14 1.68 152/298/501 2.99 2.24 
HETC , > , • .,, 23/55176 2.21 1.78 112/253/366 ·3.34 2.85 

CASCADE 34/68176 1.61 1.40 156/306/416 2.22 1.86 
ALICE (Fermi) 39/69176 1.62 1.44 - - -

YIELDX· · ,; 39/68176 1.49 1.29 107/253/503 3.16 2.22' 
OMO 13/40176 2.32 1.58 88/284/415 2.33 1.80 

GNASH 2/6/9*- 2.35 1.78 - - -
* Nr=110, NG=93, ** Nr=41, NG=34, ***6brno npoMOABI1111poaaHO TOl1bKO 9 ffABP 

OPOAYKTOB. 

Ha p111c. 9, 10 npeACK83aTeilbH8ff cnoco6HOCTb K@KAOl1 nporpaMMbl npeACTaane

HS B rpa¢1.149CKOM 81,1,[19. 
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Bblnom,JeHHble 3KCnepll'IM9HTbl no onpeAe119Hll'IIO BblXOAOB npOAYKTOB peaK411111 B 

TOHKll'IX 3KCnepll!MeHTaflbHblX 06pa34ax n03Bon111n111 AOCT8T04HO T04HO Bbl411'1Cflll!Tb 1,1x 

8KTl-1BHOCTb l-1 . MOLI.\HOCTb 3KC003'1lll-10HH011 A03bl "tll'l3flY49Hl1ff Ha MOMBHT 113MepeHl.1ff, 

TaK K8K 60ilbWaff 48CTb "tl13nY4arene11 6blna t-1AeHrn4>11411poeaHa. Ansi Bbl411cneHll'lff 

8KTl1BHOCT11 0TAeilbHblX HYKfll.1A0B 6brn111,1cnonb30B8Hbl CflBAYJOLl.\1119 q:iopMynbr: 

a(t.,kT+T)= A,, ,e-.t(t,-ir-,-), (13) 
I Er/ 

~ -~(,,-tr--r) A -,t,(,1-1r--.-)j 
a(t1 ,kT +-r) = 1e + 2e , (14) 

eq 
r,Qe a - aKTl-1BH0CTb, t- Bp9Mff npoweAWee OT MOMeHTa 06nY4eHl1ff AO 113MepeH11ff; 

j-Y11c.no 113MepeH1111. 

~ = 

1g /- Ep = 0.07, 0.10, 0.13, 0.20 GeV Ncomp,,, 71 
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P11c. 9. O4eHK1.1 npe,QcKaaaTenbH0i1 cno- P111c.10. O1.1eHK1.-1 npeACKaJare.nbHoiir cno
co6Hocrn nporpaMM ,[l)lff cpe,QHmc si,Qep B co6Hocrn nporpaMM AflH TmKeriblx si,Qep 
P831ll.-14Hb1X ,Q111anaa0Hax 3Heprniir. a pa3nl14Hb1X At-1ana30Hax 3Heprni1. 

<t>opMy.na (13) 11Cn0nb30Banacb, ecn11 npeAW9CTBeHHl-1Kl1 0TCYTCTB0Ban111, 11n11 

>Ke 1.-1x speMeHa >Kl13Hl.-1 6bln11 n1.-160 HaMHoro MeHbWe apeMeH11 Ha4ana nepeoro 113Me-
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peHIIISI, 1111160 H8MH0ro 60JlbWe epeMBHIII HaYana noCJ19AH8ro. ¢>0pMyna (14) 111cnonb-

30B8118Cb, ecn111 epeMBH8 >Klll3HIII npeAW8CTB8HHIIIK0B 6bllllll cp8BHIIIMbl CO epeMeHeM, 

np0W8AWIIIM noc11e o6nyYeHI/IS1. nonHaR 8KTIIIBHOCTb 3KCneplllM8HT811bHblX 06paa4oe 

onp8A811HI18Cb KaK cyMMa 8KTIIIBHOCTelil 0TA811bHblX HYKillllAOB. 

MOIJ.\HOCTb 3Kcn031114IIIOHHOlil A03bl HS paCCTOSIHIIIIII 1 CM OT 3Kcnep111M8HT8IlbH0ro 

06paa4a onpeA811RJlaCb cyMMIIIP0B8Hlll8M M0IJ.\HOCTelil 3Kcn0311141110HHblX A03 OT OT

A8llbHblX HYKlll/lA0B, K0T0pbI8 Bbl4111CJ1RJ1111Cb YMH0>K8Hlll8M noJ1Y48HHblX aKTI/IBHOCTelil 

0TABllbHblX HYKlllllA0B Ha CO0TBBTCTBytOIJ.\1118 3Ha48HIIIS1 r-noCTOSIHHOlil Ky. 

M0A811111P0BaHlll8 H8K0I1Jl8Hl/lfl PSAVI0HYKlllllA0B B MIIIW8HIII np111 06nY48HIIIIII Ill no

CJ18AYIOIJ.\8M 111x pacnSAe ocylJ.\eCTens:inoCb np111 noM0I.J..IW nporpaMM LCS(LAHET)+ 

+HMCNP) 111 CINDER'90. B KaYeCTee 111cxOAHb1X A8HHblX 111cno11b30B8Jl111Cb: coCTae 

aKcnep111MeHTallbHoro 06paa4S, ero Macca, 3Heprnsi ny4Ka, epeMR o6ny4eHV1S1 111 cp11io

eHc. 

J:lm1 04eHKY1 npeACK838T8JlbHOlil cnoco6HOCll1 nporpaMM I/ICI10Jlb30Ban111cb 

"Kp111TepV1111 cornac111si", onwcaHHbl8 BblW8. Peay.nbTaTbl cpaBH8HI/IH 3KCnep111M8HT8JlbHblX 

Ill p8C48THblX 3H8YeHllllil aKTVIBH0CTIII 1,1 M0I.J..IH0CTl,1 A03bl T0HKVIX 3KcneplllM8HT8IlbHblX 

06paa4oa npBACTaa.neHbl B Ta6n. 5, H8KOT0pb18 1113 nonY48HHblX peaynbTaT0B npeA

CT88118Hbl Ha p111c. 11. 

Ta6n1114a5 

PeaynbT8Tbl cpaBH8Hl,1Sl 3KCnep111M8HT8JlbHblX Ill paC48THblX peaynbT8T0B aKTI/IBH0CTlll 111 

MOI.J..IH0CTI/I 3KCI10311141110HHOlil A03bl T0HKIIIX 3KCI18p111M8HT8IlbHblX 06paa4oe 

O6paae4 3HeprnR npOT0H0B, (faB) <F>m•sHOCTb <F>A03a 

naipb 1.5 2.01 1.27 
LUOBi 1.5 1.64 1.38 
:,~co 1.2 1.29 1.35 

~co 0.13 3.96 1.82 
.,.,Cu 1.2 2.30 1.98 
i;:,Cu 1.2 1.26 1.25 

""Cu 0.13 1.20 1.32 

""Cu 0.13 1.47 1.75 

8 OTJ111141118 OT IIICCI18AOB8Hllll1 C "TOHKIIIMIII" MJ.1W8HRMIII, np0B0AIIIMblX AllSI onpeAe-

118HIIIS1 MJ.1Kp0CK0illllY8CKIIIX RABPHblX AaHHblX, IIICCJ18A0B8HIIIS1 C ''ronCTblMIII" MIIIW8HSIMIII 

IIIMBIOT 4enb10 1113MepeHl/le IIIHTerpanbHblX xapaKTeplllCTIIIK, OTµIDKatol.J..IVIX peanbHYIO CIII

Tya411110 C MIIIWBHHblMIII yanaMIII IIIA8HTlll4H0ro COCTaea. TaK K8K Aflfl npaKTl/l48CK0ro I/IC-
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Il0Ilb3088HIIIR np111 paC'-leTe 6naHK8TOB 3nr!Y OT MIIIW8HH0r0 K0MnneKca -rpe6ylOTCR ere 

H8ITTP0HH0-cj:>111311148CKlll8 Ill cneKTp8IlbHbl8 xapaKTeplllCTIIIKIII, TO npeAn04T8Hllle 6blJ10 

OTAaHO 1113MepeHIIIIO 3H848HVllil CKOpoCTelil noporoBblX peaK41111il Ha BH8WHelil noeepxHo

CTIII «T0ilCTblX» MIIIW8Helil. TaKolil Il0AXOA Il03B0Jlf18T, paCC4111T8B cneKTpbl BT0plllYHblX 

Y8CTlll4 Ill COOTBBTCTBYIOIJ.\1118 cj:lyHK4IIIIII B036y,KA8HVIR (A111¢>cpepeH4111anbHbl8 C8Y8HIIIS1) 

noporoeblX peaK41111il ennoTb ,qo eepXHe11 rpal-"!Vl4bl, onpeABilRBMolil 3Heprnelil Hane

TSIOI.J..IBro npOT0Ha, cpaBHIIITb VIX 3KCnep111M8HT8J1bHblB 11 paC'-18THbl8 3H8Y8HIIIR 

,QnR Bbl"IIIICJ18Hll1S1 CKopocrelil RABPHblX peaK411111 t.1CI10J1b3088J18Cb cpopMyna 

c )CD AB N D 1 S0 • kµ 1 1 
R (n,XnYp)=~•---=(---''- •~•--- (15) 

N SD •Np A·T7·& N SD ·Np, 

rAeR' 8
<•.x•Yp) - a6conioTHasi eemt1Yt.1Ha CKopocrt.1 RAepHolil peaK4111111; B, D - X111M111-

YecK111e CIIIMB0llbl aneMeHTOB; A, C - MaCCOBble 4111cna; N,8 
- 4t.1cno RABP e 3Kcnep111-

M8HT8JlbHOM 06paa4e; NCD - 4ll1CJ10 RABP, 06paaoeaew111xcsi B 3KCneplllM8HT811bH0M 

06paa4e Il0A A811CTBlll8M COOTB8TCTBYIOIJ.\81il RABPHO~ peaK4t.1V1; So - 111101.J..18,Qb none

peYH0ro C848HIIIR 3Kcnep111M8HT8JlbHOro 06paa4a; Np - 061.J..188 YIIICJ10 npoTOH0B, o6ny-

4IIIBWIIIX MIIIW8Hb (cpntoeHc); So - CK0p0CTb C'-leTa 8 n111Kax no11Horo nornol.J..leHIIIR, np111-

B8A8HHaS1 K K0H4Y o6ny48HIIIS1; kµ - nonpaeKa, Y4111Tb1B8to1.J.!8Sl oc11a6neHt.1e 1113Mepsie

MOlil y-JllllHIIIIII 8 MaTep111ane 3KCneplllM8HT8IlbH0ro 06paa4a. 

lt1ccneAyeMasi B0J1bcj:lpaMOB8Sl MIIIW8Hb np9ACT88J1SIJ18 co6olil 4111I1111HAP Alll8M8T

pOM 200 MM Ill AillllHOlil 360 MM. 3KcneplllM8HT8JlbHbl8 06paa4bl pa3M81.l.18J1111Cb Ha ee 

BH8WH8iil noeepxHOCTIII, CX8M8 I/IX pacn0J10)1(8HIIIR npeACTaeneHa Ha p111c. 12. 

O6nyYeHlll8 B0J1b<pp8M08011 MIIIWBHIII ocy1.1.1eCTBJ1SIJ10Cb 8 Wl>B3 Ha 6yCTepe yc

K0plllTeilR Y-70 IlY4KOM npoT0H0B c 3Heprnelil 1090 MaB III AlllllT8IlbH0CTbt0 290 C. O6-

1.J..188 YIIICJl0 cynep4t.1KJ10B COCT8B111110 39, qJill08HC npOT0H0B - (4.75±0.24)-1014. J:li,si IIIC

Klll048HIIIR BKJ18A8 cj:>0H0BOiil peaK4111111, o6yc.noeneHHOlil paA111a41110HHblM aaxsaT0M Te

nnoeblX HeihpoHOB, see 3KCnep111M8HT8IlbHbl8 o6p834bl noM81J.\811111Cb B K8,!\MVl8Bbl8 

'-IBXIlbl TOillJ.\IIIHOlil 0.5 MM. TeXHIIIK8 3KCnep111MeHTaT8K)K8 0CHOBblBanacb Ha IIICI10Jlb30-

B8HIIIIII M8T0A8 npRMOl1 y- cneKTp0M8Tp111111. PeaynbT8Tbl lt13MepeHI/IR 3H848Hllll1 a<opo

CTelil nopor0BblX P88KJ.\IIIVI Ha BH8WHelil noeepxH0CTIII «T0ilCTOii!» B0ilb<ppaMOB0lil MVI

WBHIII npeACT88J18Hbl Ha p111c. 13. 
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HeonpeA6I16HHOCTb 3HaY6Hllll1 CKopocre11 flASPHblX peaK411111 pacCYIIITblB8J18Cb C 

111cno.nb30B8Hlll8M (pOPMYilbl nepeHoca ow11160K. AHaill/13 nOK83blBaeT, <ITO I/IX 3Ha48Hl1R 

B OCHOBHOM H8XOARTCR B 11HTepaa11e OT 6 AO 12%. 

MoAe11111poeaH111e aKcneplllM8HT8JlbHblX Pe3YilbT8TOB AilR «TOI1CTOl1» MIIIWSHIII co

CTOSlJlO 1113 ABYX 3Tanoe. Ha nepBOM - paCCYIIITblBaJlCSl cneKTp HeITTpOHOB B TOYKax 

pacnOJlO>K8HIIIR 3KCnep11M81iT3IlbHblX 06pa340B, Ha BTOpOM - C8Y8Hl1R COOT89TCTBYIO

IJ.IIIIX peaK411111 a AHana30He 20-1090 MaB. 

PacYeT cneKTpa H911TpOHOB OCYIJ.l8CTBilRJlCR C IIIC00Jlb30B8Hlll6M 4-x nporpaMM, 

ynoMRHYTblX Bb1we: CEM-95, INUCL, CASCADE, LAHET. A.ns:1 MOAe111,1poeaH11si 

TpaHcnopTa npoAyKTOB BblCOK03HepreTl1Y8CKOro RA8PHOro KBCK8AB 1,113 BHYTP8HH811 

06nacr1,1 W- M111weH1,1 Ha ee noeepxHoCTb nporpaMMbl CEM-95 11 INUCL coeMe1J.1a11111cb 

c reoMeTp11yecK011 o6onoYKoi1 nporpaMMbl HETC, a nporpaMMbl CASCADE, LAHET 

0CYIJ.l8CTBI1RI1111 ero H83aBIIIC1,1MO. TpaHcnopT H113K03HepreTIIIY8CKIIIX H8ITTPOHOB (En<20 

MaB), o6pa30B8BWIIIXCff Henocp8ACTB0HHO B BAPOHHOM KaCKaA0 Ill B p83YilbTBT8 38-

M0AI10Hl,1ff BblCOK03HepreTIIIY0CK"1X HempOHOB (20 < En<1090 MaB) B o6beMe Ml,1W8-

HIII, ocylJ..!ecrens:1ncsi c noMOlJ..!bto nporpaMMbl MCNP c 61116111110TeK011 ENDF/B-V. 

PaC48T C848HIIILII 1113M8pReMblX noporOBblX peaK4~iii B AMBna30H8 (20<En<1090 

MaB} OCYIJ.l8CTBI1SlI1Cff no 3TIIIM >Ke nporpaMMaM. Ce40Hl,1ff peaK4111iii np1,1 3Hepr111S1X Heiii

TpOHOB Hl,1>Ke 20 MaB 6b11111 B3ffTbl 1,1a 61,16111110TeK ENDF/8-VI III JENDL3. 

PaCY6THbl0 3Ha48Hlllff CKOpocre11 peaK411111 Bbl4111CJ1SlJ1111Cb B BVJAS 1,1HTerpa11bHOro 

np01,13B8A6HIIISl cneKTpa H8ITTPOHOB , . Ha COOTB0TCTBytol.J.llll8 C048Hl,1ff peaK4L-11'1. 

"Kp111Tep1,1111 cornac111R", pa3pa60TBHHbl8 Aflff 04eHKIII np8ACK838T8JlbHOLII cnoco6HOCTIII 

nporpaMM B 3KcneplllM0HTax C °TOHKIIIMIII" MIIIW9HSlMIII Ill on111caHHbl8 BbtWe, 6b1Jllll IIIC

noI1b30BBHbl TalOKe Ill Ailff 04eHK111 npe,qCKa38TeJlbHOl'I cnoco6HOCTIII nporpaMM B 3KC

nep111MeHTe c "To11cro11" ML-1W0Hbto. 

rpacplll48CKOe pacnpe,qeneH111e paCY8THblX CKOPOCT011 peaKL\IIILII TalOK0 np111se,qeHo 

Ha p111c.13. Peaynb TaTbl cpaBH9HIIIR 3KcneplllM8HT8JlbHblX III paCYeTHblX 3HBlf6HIIILII CKO

pOCTel1 peaK411111 B A1'180830H8 3Heprni1 0.5 aB < En< 1 raB, Bbl00JlH6HHbl8 C 111cno11b-

30B8Hl/l9M «Kp111Tep111ee cornac111i:t», npe,QCTaeneHbl a Ta6n. 6. 
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□ -Experimental Activity 
0 - LCS-CINDER90 Activity 
<F>Act;,,;,y=2.01 

◊ - Experimental Dose Rate 
* -LCS-CINDERSO Dose Rate 
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□ -Experimental Activity 
0 - LCS-CINDER90 Activity 
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◊ - Experimental _Dose Rate 
1, -LCS-CINDER90 Dose Rate 
<F>oose Rato=1.38 
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P111c. 11. CpaeHeH1,1e 3Kcnep1.1MeHT8JlbHblX Ill paCYeTHblX peaynbTBTOB no onpe,qene

HIIIIO BKTIIIBHOCTIII 1.-1 MOlJ..!HOCT!,1 ,Q03bl TOHK1'1X 3KcneplllM8HT8JlbHblX 06paa4oa. 

Hapf!Ay C IIICCI19AOB8Hllll'IMIII MIIIWeHHOro yana 3nflY, B AIIICCSpTBL\111111 1,13y4an111Cb 

TalOKe l'IA9PHO - cp11131,14ecK111e xapaKTeplllCTIIIKIII B03MO>KHblX KOHCTPYKL.!1,111 I/IX 611aHKeTa. 

3nt l,1CCJ18AOB8HIIIR 6b1Jllll H848Tbl C 1113Y49Hl1Sl KPl--1Tlll'-19CKIIIX COCTOl'IHllllii peweTOK, co

A8p>Ka1J.1111x Tfl>K9Jl0B0AHYIO MIIIKpOMO,Q9Jlb 6naHK9T8, 3cpcpeKTOB peaKTIIIBHOCTIII 1,1 a6co

J1IOTHblX 3H849Hlll'1 CKOpOCTetii peaK4111iii B He'1. TaKOLII Bbl6op 6b1Jl o6yc.noeneH T9M, 4TO 

B OAH011 1,13 nepBblX KOH4en41,111 3nflY nOAKP1'1Tllllf8CKllll'I 611aHK8T npeAnonarancR TR

}KeIJOBOAHblM. TR>KeJlOBO,QHbll'I pacreop TpaHCMYTl.-1PY9MblX 8KTIIIHl,1AOB ,QOJ1>K9H 6b1Jl 
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4111PKYm1poaaTb B HeM B cne4111anbHblX nem.Ax. IIIMeH1;10 no 3TOVI npW-llllHe 6bl!llll npo

Be.QeHbl 1113MepeHIII.A 3q:lq:leKrnBHOro pe30H8HCHOro IIIHTerpana 237Np no pa.Q111a41110HHO
MY 3axaary. 

l15In 

P111c.12. CxeMa pacnono,KeHIII.A 3Kcnep111MeHT8nbHblX 06pa34oa Ha BOflbq:lpaMOBOIII 
MIIIW8HIII. 

CEM95 (a). INUCL (0), LCS (0), CASCADE(□). EXPERIMENT (e) r,-.--,-~-,....--~---., IT-,.---, __ ,-...,---,---., :c. 10 2 • • • Ah,.Na JW/~- ,.,_ 10 3 ""ln➔"'tn l ~ ,"· ~ 
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P111c. 13. AKC1-1aflbHbl8 pacnpe.11eneHIII.A 3Kcnep111MeHTanbHblX Ill paCl.f8THblX 3H81.f8Hllllil 
noporoablX CKOpOCTelll peaK411111 Ha BH9WH9111 noaepXHOCTIII BOflbq>paMOBOIII MHWeHIII 
npw 06nyYeH111111 ee nporoHaM111 c 3Heprn81111 rs8. 
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Ta6111114a6 
CpaBH9Hl18 3Kcnep111MeHT8nbHblX Ill paCl.f8THblX peaynbT8TOB no CKOpOCT.AM nopo

fOBblX peaK4111111 a Alllana3oHe sHeprv1111 0.5 38 -1 f38 

nporpaMMa .Q111ana3oH 4111cno (F) S((F)) 
3Heprn111 CpaaHeH111111 

CEM95 0.5 s8-1 f38. 48 2.39 1.95 
LAHET 0.538-1 f38_ 48 2.32 1.73 
INUCL 0.5 38 -1 f38_ 48 2.03 1.46 

CASCADE o.5 38 -1 f38_ 16 1.56 1.31 

Ero MaTeMaTW'-18CKOB Bbtpa)l(8Hl/18 MO>KeT 6b1Tb np8.QCTSBI18HO B Cf18AYIOI.L\9M 

Blll,lle: 

00 137 
237 fo-.,y Np(E)·<p(E)·dE 

I Np _E=cd,__ _____ _ 
3# ·I; 

cp,.., 
(16) 

237 N "'I 231Np 
r.Qe Rn, r P = cr n, r (E) · q,(E) · dE - CKopoCTb peaK4111H pa.Q11a41110HHOro aaxaarn 

ECd 

237Np; cpr,s - nnoTHOCTb noroKa pe3oHaHCHblX H8111TpoHo_a; ~ - nonpaaKa, yYITTbtBalOI.L\8R 

OTKnOHBHlll8 cneKTpa HBIIITpOHOB OT cneKTpa Cl>epMIII. 
8en111Y11Ha CKOPOCTIII peaK41111'1 P8.lllll81.\IIIOHHOro 3axaaTa 237Np MO>KeT 6b1Tb onpe-

.11eneHa KaK 

R"'Np = I- "'·"'(E)-q,(E)·dE = N"'Np , (17) 
•.r E::•-7 N"'N,,FmNp~) 

r.Qe NZl'¾, - Yvtcno 06paaoaaaw11xcs:1 flABP 238Np; N
237

N' - '-IWCflo RAep o6ny'-laeMo

ro 237Np;F"'""<1> - apeMeHHa.A cf>YHK4111R, Yl.fITTb1aatol.L\a.A pacna.Q 238Np a npo4ecce o6ny

'-leHvtR. 

lllcCJ1eAOB8HIII.A, CB.A38HHblB C 113Y'-IBHIIIBM pe30H8HCHoro norno1.4eHIII.A B TSl>Ke

TIOBOAHOM paCTBOpe 237Np, BblnOIIHRTIIIICb Ha yCTaHOBKe "MAKET", npe.QCT8BT1.AIOL4BIII 

C060111 peaKTop "Hyneeo111· MOL4HOCTIII. 

An.A o6nyYBHIII.A 6bma cq:iopM111poaaHa HBCT8H.Q8pTH8.A peweTKa, COCTORI.L\8.A 1113 

36 T8C 11 OAHOro cne4111aflbHOro KaHana, B KOTOPOM o6ny'-18J1C.A 3KcnepvtMBHT8J1bHbllll 

6nOl.fOK C aMnyno111 (BH9WHIIIIII Ill BHYTP9HHIIIIII .Q1118M8Tpb1 -14,1 Ill 12,1 MM, COOTBBTCT

BBHHO, BblCOTa - 83 MM) C pacTBopoM 237Np+D20. 3neM8HTbl peweTKIII 6blf1111 paccraa

flBHbl C waroM 200 MM Ill p83M9L46Hbl B 6aKe .QlllaMeTpOM 2600 MM C T.A>K9f10BOAHblM 

38MB.Qf1L1TeneM. T8C npe.QCTaamu,a co6o~ c60PKY CTaH.QapTHblX TB3f10B BTYTIO'-IHOro 
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nma C BblCOK006orall.\eHHblM (90 %) 235U. ,[lnfl YM9HbW9Hl.-1fl pa,q111a41,-10HHOro cj:loHa, 

o6yC!lOBJ19HHOro 
233Pa, Ha np8AB8PITT8JlbHOll1 CTa,Ql/1111 np111roTOBJ19HI/IR TroK9JlOBOAHOro 

paCTBOpa 6blJ18 OCYll.\9CTBJleHa paAIIIOXIIIMlll49CKaR 041/ICTKa 237Np C nocneAYIOll.\8111 aT

TeCTa4111e111. 06beM paCTBopa e aMnyne coCTaenM 4 Mn. 

AMnyna 6b1Jla 3arepM8Tlll3111POBaHa, 3KP8HIIIP0B8Ha Ka,QM1119BblM 49Xfl0M Ill noMe

ll.\9Ha B 3KCnep111MeHTaJ1bHblli1 6Jl040K AilR 06ny4eH111R. BpeMS'l o6ny,;eHl/lfl COCTaBI/IJlO 

2 Yaca. noCI1e 06nyYeH111R aMnyna 1113eneKanacb 1113 3Kcnep111MeHTaJ1bHOro 6no4Ka, 111 1,13 

o6ny,;eHHOro paCTBOpa C nOMOll.\blO MepHOIII n11n8TKl1 B TOHKOCT9HHbl8 6toKCbl l-13 He

p>KaBelOll.\8111 cram, OT6111pan11Cb AB8 8Ill/lKBOTHbl8 npo6bl 06b8MOM 0,5 Mn. PacTBop 

Bb1nap111eancR, 111 nonyYeHHbllif oca,qoK npoKan111eancR, 4TO 06ecne41,1eano paano>Ke

H111e Hl'ITPaTHOIII C0/11,1 Ill c4enneH1.1e HenTyHl'IR C M8Tep111anoM 6toKca. ,QnR npeAOTBpa

lJ.\8Hl,1R noTepb Ka>KAbllll 6t0KC 3aKpblBailCR Kpb1W84KOll1 11 J10048p8AHO 06C'-lITTblBailcfl 

1;1a cneKTpoMeTPe c A8TeKTopoM GC2518 e Te4eH11e 10 AHelif. 

ATTecra4111R nOTOKa H8111TpOHOB OCYIJ.\8CTBJ1RJ18Cb ABYMfl cnoco6aMI/I - C Ka,QMllle

BblM !plllJlbTpOM 111 683 Hero. B o60IIIX cny,;asix B 113MepeHl'IS'lX 11cnOJ1b30BaJ11.1Cb MHOro

KOMno31,14110HHbl8 3Kcnepl1M8HTaJlbHbl8 o6pa34b1 (cnnae A/+ 55Mn + Ecm.cu + 197Au + 

EcmLu), npe,qcraBJlS'llOIJ.\118 co60111 cj:lOJlbrl,1 06,3 MM III TOJlU\IIIHOlll 100 MKM. 

nonpaBKIII Ha OTKJ10H8Hlll8 cneKTpa H81ifTPOHOB, na,qalOll.\lllX Ha I/ICCJ18AY8MYIO aM

nyny, OT.cneKTpa cl>epMIII, 6b1n111 BbtnonHeHbl no nporpaMMB MCNP 4A co craTIIICTIIIKOIII 

1,4-10
6 

l'ICTOpllllif. 6blJ1111 BblnOJ1H8Hbl paC48Tbl cneKTpOB H8111TpOHOB B ,q111ana30H8 OT 0,5 

38 AO 0, 1 M3B B aMnyne c pacraopoM 237Np III c YIIICTOIII TS'l)Keno111 eo,qo111. KaK noKa3an11 

paC'-leTbl, AOJlR Ha,QTennOBblX H9111TPOHOB B peanbHOM cneKTpe CYIJ.\9CTB9HHO BblW8, 

48M B cneKTpe cl>epMIII, 4TO 06bRCHR8TCR 6onbWOll1 y,qaneHHOCTblO 3KCneplllM8HT8Ilb

HOro ycrpOIIICTBa OT TOnnlllBHblX K8H8J10B (~200 MM), 111, COOTB8TCTB8HHO, 60J1bWI/IMl,1 

3HB48HlllflMIII napaMeTpa ~-

np111 paC49T9 CKOpocre111 peaKl..\111111 111cnO!lb30B8Jll,1Cb KOHCTBHTbl C HenpepblBHblMl,1 

no 3Heprn111 38BIIICIIIMOCTflMIII, nOArOTOBJ18HHble Ha OCHOBe 61116n1110TeK111 flA9PHblX ,qaH

HblX ENDF/8 - VI. 3Ha4eHlllfl CKopocre111 peaK411111 a cneKTpe cl>epM11 6b1n11 paccY11TaHbl 

no nporpaMM8 NJOY. 8 K849CTBe ,q111ana30Ha IIIHTerp111poeaHIIIR np111 11X paC49Te 6blfl 

Bb16paH A118Jla30H OT 0,5 38 AO 2 M38. 

0KOH48T9JlbHOe 3H849Hl18 3cj:lcpeKTl1BHOro pe30H8HCHoro 11HTerpana 237Np onpe

A9J1AAOCb no q,opMyne 
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231NP, A 
231 Ll,4><1> ( B) 

I ~'vp = AB (18), 
n 

m 
r,qe Lf~PeB) - 3!p!p8KTIIIBHbllll pe30HBHCHblli111HTerpan 

237Np, np1,1 Bbl4111CJ19Hl.1111 
AB 

KOTOporo 11cnOJ1b30BancR HYKJllllA AB (55
Mn,

63
Cu/

97 Au) Aflfl onpe,qeneHlllfl q> res; n -

41,1C!l0 HYKJ111AOB AB, 11cnO!lb3Y8MblX AJlfl onpe,qeneHIIIR {j) res. 1113MepeHH08 3H848Hlll8 

237Np 

f :,,p,j, COCTaBl1JlO 539±40 6apH, 4TO OTJ1111488TCfl OT era 3HB48Hlllfl np11 6eCKOH84HOM 

paa6asneH111111(640±506apH) Ha ~16%. 

Q)l,131/149CKl/l8 11CCJ19AOB8Hlllfl TS'l)K8JlOBOAHblX 6naHK9TOB 3nf!Y 6b1Jllll npo,qoJl)Ke

Hbl 113Y49Hl18M oco6eHHOCT8111 ypaH· - rop111eeoro TOJ1!11.1BHOro 4111KJ1a np111 ero B03MO)K

HOM 111cnO!lb30BBHl1111 B 6naHKeTax TaKoro Tl/Ina. IIIHTepec K TaKl'IM 11CC!18AOB8Hl'lflM o6y

CJ10BI18H ero 6onbW8111 «3KOI10fW!HOCTblO» no cpaBH8!;1111IO C Tpa,q1,141110HHblM ypaH -

nnyTOHl18BblM. 

KaK 1/13B8CTHO, OAHa 1113 OCHOBHblX npo6neM np111 111cnOJ1b30BaHI/IIII 3TOro TOn!ll'IBHO

ro 4111KJ1a CBfl38Ha C H8KOnneHl/l8M 232U. noCKOilbKY OCHOBHbl8 KaHB!lbl ero 06pa3oea

HIIIR 06ycnOB!18Hbl noporOBblMIII (n,2n)- peaK4lllflMIII, TO Ailfl aep111cp111Ka4111111 nporpaMM, 

111cnOI1b3Y9MblX AI1R paC'-leTa 1113M9H9HIIIR HYKnlllAHOro cocraea o6nyyaeMoro TOPl'lfl B 

Cl'ICTeMax TaKOro rnna, HaPRAY C npocrpaHCTBeHHbtMl'I pacnpeAeneHl/lflMIII H8111TpOH

HblX none111 B 06nacr111 TennOBOJ/1 11 npoMe>Kyr04HOIII 3Heprnlll, Tpe6yt0TCR A8HHbl8 B 06-

nacr111 3Heprn111 Hel!ITPOHOB <! 6,5 M38. 

C 4enbt0 nony49HIIIR 3KCnep11M9HT8IlbHblX ABHHblX, 111cnOJ1b3Y9MblX AilR eep111-

cj:l111Ka411111 paC'-leTHblX nporpaMM, 6blJll,1 Bbln0JlH8Hbl ABe rpynnbl 3Kcnep11M8HTOB: 

"1HTerpanbHble, B 3a_qa4y KOTOpblX BXOA"1J10 onpeA8I18H"18 KP11Tl149CKIIIX KOMnoa111-

4111111 111 3cj:lcj:leKTOB peaKTI/IBHOCTIII; 

aKT1,1ea41,10HHbJe, AllR 113Y49H"1fl npocrpaHCTB8HH0-3HepreTl/l48CKOrO pacnpeAe

ll8Hl'lfl H8111TPOHOB (1113MepeHl/l9 a6conlOTHblX 3H848HIIIIII CKOpOCTelll peaK41111ii). 

3KcneplllM8HT8JlbHbl8 IIICCileAOBaHl/lfl TalOKe Bb!JlOJlHRJll/lCb Ha ycraHOBKe 

"MAKET", s peweTey KOTopow 6btno eseAeHo aKcnep11MeHTBJ1bHOe ycrpo111creo AilR 

1113MepeHl,1fl a6contOTHblX 3H848HIIIIII CKOpocrelii peaK4111111 C 4enbt0 113Y48Hlllfl HaKonne-

H n2U . . 
IIIR "1 1113MepeHl'lfl nyCTOTHOro K03<pcj:l1114111eHTB peaKTI/IBHOCTIII B TR>KenOBOAHblX 
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pacraopax 
232 Th. YCTpOIIICTBO COCTO~l!lO 1113 3al.J.IIIITH0f0 cyxoro KaHana, BHYTPIII KOTOpo

ro pa3Me1.J.1aI1aCb KOaKC111aJ1bHaH eMKOCTb 0177x72.6 MM 11 BblCOTOIII 600 MM ,QJlH aa

nonHeHl/lfl ee TH>KeJlOIII 80,QOIII 11111111 TSDKeJlOBO,QHblM pacraopoM a30THOKIIICJ10f0 TOplllH. 

EMKOCTb pacno11araJ1aCb no 4eHTpy aKTIIIBHOIII 30Hbl. 

<l>opMyJla AilH Bbl4111CJleHlllfl a6comOTHblX CKOpOCT9111pea1<4~111
27AJ(n,a), 55Mn(n,y), 

63Cu(n,y), 175Lu(n,y), 176Lu(n,y), 197 Au{n,y), 232Th(n,y) IAMeeT s11,t:1: 

. = =s 

R'B(n.r) N ,: !.,B ( 1 So ) l•s !+•s ' 
N F /l,"'f/·6 N F 

(19) 

r,Qe N'4+1n - 41ACJ10 BTOPIA'·lHblX H,Qep, 06paaosasw1-1xcH B 3KcneplAM9HTanbHOM 

06paa4e; JrB - 41ACJ10 fl,Qep I/ICXO,QHOro MaTep111a11a B HeM. 

AKc111aJ1bHble pacnpe,QeJleHl/lfl 1113MepeHHblX CKOPOCTel/l pea1<4111111 npe,QCTaBJ19Hbl 

Ha p111c. 14. 

C 11cnOJ1b30BaHlll9M M9TO,qa npHMOIII y-cneKTpOMeTpllllll onpe,Q9J1HJ18Cb M0'-4HOCTb 

KpITTIA49CKOro CTeHda· MAKET, nplA KOTOPOIII npOBO,QIAill/lCb o6ny4eHIAfl 3KCneplAM9H

TaJlbHblX 06paa4os. MeTO,QIAKa 6b1Jla OCHOBaHa Ha 1,13M9p9HIAIA a6comOTHblX 3Ha49HIAIII 
t.,"~ "I" 

CK0pocrn peaK41A111 A9fl9HIAH 235U B TBC peweTKIII. 
.-);,,._"' 

Bcne,QCTs111e c1,1MMeTp1-1111 1-1aY4aeM0111 peweTKIA 3Kcnep1-1MeHTbl no onpe,t:1e11eH1-1to 

3Heprosb1,Qe11eH111H e~~ri~11HRnlllCb c 1/6 ee YaCTbto, a coCTas K~Topo111sxo,t:1111107 TBC. 

C Y'l9TOM Tpe6osaHIAIII, npe,qbHBJlR9MblX K 3KCnep1-1MeHTanbHblM 06paa4aM, IAC

nOJlb3Y9MblM ,QJlH IA3M9p9HIIIH pacnpe,Q9J19Hlllfl OTHOCl1T9JlbHblX CKOpOCT9YI peaK4lllY1 no 

,QJ11AH9 TBC, 6blI11A Bbl6paHbl o6pa34b1 63Cu B BIAA9 q)0Jlbf 1113 M9AIII eCTeCTB9HH0ro co

,Q9p)l{aHIAH 0 6,3 MM Ill T0111.J.1111HOIII 100 MKM. ,Qnfl IA3MepeHll1H a6COJ1IOTHblX CKOPOCT9111 

peaK41AIA 
235U(n,f) 111cnOJ1b30BaJ1111Cb 3KcneplAM9HT8JlbHbl9 o6pa34b1 1113 BblCOK006ora

lJ.\9HHOf0 ypaHa (o6oralJ.leHIA9 no 
235U- 90%) B B111A9 q)OJlbr 0 6,3 MM IA T0JllJ.\IAHOIII 100 

MKM. CKopOCTb 
235U(n,f) - peaK411111 per111crp111posa11aCb no IIIHT9HCI/IBH0CTIII y-1113IlY'l9H11H 

143Ce. 

3HeprOBbl,Q9JleHlll9 B I/ICCJ19,QyeMOYI aKTIIIBHOI/I 30H9 nony4eHO paBHblM 88.1 ± 2.6 

BT. 

l-1HTerpallbHble 3KCnep111MeH;Tbl no onpe,QeneHIIIIO KPIATIA4eCKIAX KOMno31114111111 Ill 

3Q)Q)9KTOB peaKTll!BH0CTIII 6b!Jll1 TaK)l{e pa3,QeneHbl Ha ,QBe rpynnbl: np111 nepeMeHHOIII 

KOH46HTpa4111111 TOPIIIH B pacrsope Ill nOilHOM aanonHeHIIIIII 3Kcnep111MeHTaI1bHOIII 8MKO-

I 

1 
l 

1 
i 
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cm; np111 nop41110HHOM 3an0J1H9Hl111 3Kcnep11M8HTaJ1bHOIII 9MKOCTIII TH)l{9J10B0,QHblM 

pacrsopoM C MaKCIIIManbHOIII KOH4eHTpa4111e111.aaOTHOKll1CJ1oro TOPIIIH. 

Pe3yllbT8Tbl 1113MBpBHIIIIII AJlH 3TIIIX rpynn 3Kcnep111MeHTOB npe,QCT8BI19Hbl Ha 

p1-1C. 15 111 16, C0OTBBTCTBBHH0. 

O,QH0BpeMBHHO C 3KcneplllMBHTailbHblM11 11ccne,Q0BaH1AflMIA npoBOAWlOCb 111X pac

'l9TH06 MO,Q91111p0BaHlll9 C 1,1cn0ilb30BaHlll9M nporpaMMbl MCU 3.0 111 KOMnneKca re

TeporeHHblX nporpaMM TRIFON -TRECD. 

np1,1 paCYBT9 no nporpaMMe MCU paccMaTpv1ea11aCb 1/4 'l8CTb 8KTIIIBHOIII 30Hbl. 

1/13 Bbln0JlHBHHblX paCYBTOB 6b1Jl0 nony4BHO 29-rpynnosoe 3HBpreTIA49CK0e pacnpe

ABJlBHl,19 n110THOCTll1 nOTOKa Hei,rrpOHOB B Mecrax pacnoflO)l{9Hv1H 3Kcnep111MeHTaJ1bHblX 

06paa40B. ,Qml Bb16paHHblX 1,1H,QIAKaTopos Ha 0CH0Be 61116m110TeKIII 04eHeHHblX ,QaHHblX 

ENDF/8-VI 66111111 nO,QrOTOBI19Hbl rpynnoBblB C9'l9HIIIH III paCC1-111TaHbl CKOPOCTIII COOT

B9TCTBytol1\v1X peaK4111111 C HOPMIIIPOBKOl1 Ha 1 BT Ten11oso111 MOll\HOC'TIA aKTIIIBHOIII 30Hbl Ill 

1 rpaMM B9lJ.19CTBa. 

PacYeT He111rpoHHO-<p111a1114ecK1AX napaMeTpos no KOMnneKcy nporpaMM TRIFON -

TRECD OCHOBaH Ha reTeporeHHOM MBTO,Q9, COCTORL1\9M 1113 ,QByx 3Tanoa. Ha nepaOM 

3Tane npOBO,QIIITCH ,Q9T8JlbHbllll MHOrorpynnoBOIII paC'leT npocrpaHCTBBHH0-

3HepreTlll'l9CK0ro pacnpe,qeneHIIIH H911TpOHOB B MHOr030HHOl1 4111IIIIIHAPIIIYBCKOIII H'-1911-

Ke, OCHoaaHHbll1 Ha 111cnOilb30B8HIIIIII yH111BepcaJ1bHblX M11Kp0KOHCT8HT (24 rpynnbl B 

an111rennosoi::i o6naC'TIA c aHeprne111 Hei,rrpoHos 6011bwe 0, 465 aB 111 10 rpynn a Tenno

aoi;;. ''repMan111aa41110HHOl1" o6nacrn) Ill Bbl41ACJ19HIIIIII MaTplll4bl 3Q)Q)BKTIIIBHblX rpaHlll'l

HblX yc11os111iil, 3a,qaio1..1.1e11 COOTHOWBHIIIB M9>K.!\Y ManorpynnOBblMIII seKTOp0M-n0TOK0M 

Ill BeKTopoM-TOKOM H9111TpOHOB Ha noaepxHOCTIII fl'lBVIKIII. 3TOT paC'l9T BblnOJlHHJlCH no 

nporpaMMe TRIFON. 

Ha BTOpOM 3Tane np0B0,QIATCH TpexMepHbll1 Manorpynnosovi paC49T pacnpe,Qe

IlBHIIIH noTOKOB H9111TPOHOB Ill I/IHT9HCIIIBHOCT911 pa3Jllll'lHblX npo4eccos B H49111Kax aK

TIIIBHOI/I 30Hbl 6n8HK9Ta. 3TIII paC49Tbl BblnOilHHIOTCfl no nporpaMMe TRECD, OCHOBaH

Hoiil Ha pa3HOCTH0M npe,t:1CTaBI19HIIIIII reTeporeHHblX ypaBH9HIIIIII peaKTOpa. 

npe,QCKa3aTenbHaH cnoco6HOCTb nporpaMM TRIFON - TRECD III MCU no 04eHKe 

KPITTl148CKIIIX COCTOHHIIIIA peweTOK 111 3Q)Q)8KTOB npe,QCT8BJleHa B rn6n. 7. 

"Kp111Tep111111 comac1,1H'', paapa6oTaHHbl9 ,QilH 04eHK1A npe,QCK838T9IlbHOIII cnoco6-

H0CTIII nporpaMM B 3KCnep111MeHTax C "TOHKIAMIII" MIIIW8HHMIII III on111caHHble BblWe, 6br.nlll 
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111cnonb30BaHbl TalOKe Ill .cimi 04eHKIII npe.cicKa3aTenbHOll1 cnoco6HOCTIII nporpaMM B 3KC

nep111MeHTax C TffiK8JlOBOAHOL1 MIIIKpOMOABilblO. 
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Hlllllt CKOpocrei7t peaK4111i7t B MIIIKPOMO,Q8fllll 6naHK9Ta, 3anonHeHHOll1 Tfl)l(Bfl0B0,Q

HblM pacrsopoM a30THOKIIICJlOro TOplllfl. 
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P111c.15. 3aBIIICl-1MOCTb peaKTIIIBHOCTIII pe

weTKIII OT K0H4eHTpa4111111 Tflll<enoBOAHOro 

pacTBopa Th(NO3)4 e M111Kp0MOAen111. 
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P111c. 16. 3aBIIICl-1MOCTb peaKTIIIBHOCTIII 

peweTKIII OT BblCOTbl 3anonH8Hlllfl MIIIK

por..iio.cien111 paCTBOpOM Th(NO3)4. 

Ta6n1114a 7 

Om1114111e paC'leTHblX 3HaYSHIII~ KPIIITVl48CKIIIX COCTORHillllt Tfl}K8flOBOAHblX peweTOK Ill 

3cj)cj)eKT0B peaKTIIIBHOCTIII MIIIKPOMO,Q8flill Tfl)K8J10BOAHOro 611aHKeTa 

OT 3KCnep111MeHTanbHblX 3Ha4BHIIIL1 

nporpaMMbl 

TRIFON-TREC MCU 

no Kimm. 
0.73% -
0.67% -
0.64% -
0.62% -0.31% 

0.32% -0.25% 

no 3cbcbeK1V peaKTIIIBHOCTIII 

- 0.9% 

- 1.0% 
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Peay11bT8Tbl cpaBHeHl1fl 3Kcnep11MeHTanbHblX 11 pac-ieTHblX 3Ha<ieH11i:i CK0poCTea'.1 

peaK411i1 a ,q11anaa0He 3Heprni1 0.025 aB < En< 20 MaB, BbIno11HeHHoro c 11cn0J1b30-

eaH11eM «KPmep11ea comae11s:i», npe,qcraeneHbl a Ta611. 8. 

Ta6m14a 8 
PeaynbTaTbl cpaBH8Hl1fl 3Kcnep11MeHTanbHblX 11 pac-ieTHblX peaynbTaT0B 3H8'l8Hl1H 

CKopocrei:i peaK411i:i a ,q11anaa0He 3Hepr11'1 0.025 aB < En< 20 MaB 

nporpaMMa .[l11anaaoH 411cno (F) S((F)) 
3H8Prl111 cpasHeH11'1 

MCU 0.025aB - 20 MaB 44 1.18 1.15 
TRIFON -TRECD 0.02538-20 MaB 40 1.09 1.06 

Xopowee comac11e pac<ieTHblX 11 3Kcnep11MeHTa11bHbIx 3Ha<ieH11'1 cKopocre'1 pe

aK411'1 27 Al( n, aJ, 
55

Mn(n,r}, 63Cu(n,r), 175Lu(n,y}, 176Lu(n,y), 197Au(n,rJ,, 232Th(n,y), 11Meto

ll!VIX pa3JlVl'lHYIO 'lYBCTBVITeJlbH0CTb K Tennoeo'1, pe30H8HCH0H 11 6b1CTpo'1 o6naCTflM 

Hei:frpOHHOfO cneKTpa, 06yc11oe11110 B03MO}KHOCTb npoee,qeHVlfl paC'leTHblX 11ccne,qo

B8Hl1H Vl3MeHeHl1fl co,qep>K8Hl1fl HYKJll-1,Q0B np11 0611y>leH1111 232Th B cneKTpe, CO0TB8TCT

BYIOll!8M cneKTpy Tfl>K8J10BOAHOH MVIKP0MOJ:18JlVI 6J18HK8Ta 311f1Y C 830THOKVICJlblM TO

pVleM. 

:. . . Ta611V14a 9 
COA8P>K8HVl8 8KTVIH~OB ( B rpaMMax) B 1 Kr 232Th np11 ero 06Jly>l8HVll1 B noTOKe 

HempoHOB 10
14

.HlcM2xc VI BblA9P}KKe nocne 0611y>leH11s:i 1(30) cymK. 

AKT11H11,Q BpeMfl 06ny'leH11f1, 118T 
0 1 5 •v•Th 1000 982.2 914.1 

<w<u 0 2.732(2.747)x10"4 
36.60(36.62)x104 •vvu 0 10.09(11.05) 15.07(15.96) 

Ta6n114a 10 
Co,qep}K8Hl18 BKTl1Hl-1,Q0B ( 8 rpaMMax) 8 1 Kf 232Th np11 ero 06JlyY8Hl1VI B n0T0Ke 

H8ITTpOHOB 10
14 

H/CM
2
xc VI Bbi,q9p>KK9 nocne 06ny>leHV1fl 1 po) CYTOK 

C OTB0A0M np0AYKT0B A8118H11fl VI ,qo6aeneH118M 32Th 

AKTl1Hl1A BpeMfl o6ny-ieH11fl, neT 
0 1 5 ,,.,"Th 1000 987.5 977.2 <-><LJ 0 2.734(2.749)x104 37.32(37.34)x10.,. ,,.,.,u 
0 10.10(11.07) 15.83(16. 79) 

i 
J 
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6bl110 paCCM0TpeHO ,qea pe)K]IIM8 06ny>leH11f1: HenpepblBHOe 0611y-ieH11e 1 Kr T0-

p11fl B T8'l8HVl8 1 11IlVI 5 Jl8T C nn0TH0CTblO n0T0Ka HeHTpOHOB 1014 HI CM2·c; HenpepblB

H0e 0611y-ieH11e 1 Kr T0Pl1fl B T8'l8Hl18 1 111111 5 Jl9T C nnOTHOCTblO nOT0Ka HeHTPOHOB 

1014 HI CM2·c 11 C nOCTOflHHblM 0TBOAOM o6pa30B8BWVIXCfl npo,qyKTOB ,qeneHl1fl VI A0-

6ae11eH11eM 232Th. 

Bo ecex CI1y>las:ix pac-ieTbl np11BOAV111V1Cb ,qns:i ,qeyx speMeH sbi,qep}KKIA nocne 06-

ny>leH11fl - 1 CYTKH IA 30 CYTOK. Pac<ieT cneKTpa H9HTpOH0B BblnonHeH no nporpaMM8 

MCU, 1AJMeHeH1Ae 11aoTonHoro cocraaa pacCYIATaHo no nporpaMMe BLC. PeaynbT8Tbl 

pac<ieTa npV1ee,qeHbl a rn611. 91110. 

AHanlA3 pe3yJ1bT8T0B no npe,qCK838T8JlbHOH cnoco6HOCTIA «BbICOK03Heprern-ie

CKIAX» (Ta611. 4,5,6) IA «peaKTopHblX» nporpaMM (rn611. 7,8) CBIAAeTeilbCTByeT, 'lTO 

yp0B8Hb T0'lHOCTIA, ,qocr11raeMblH «BblCOK03HepreT1A'leCK11Ml1» nporpaMM8Ml1 (a 0TJ111-

'll18 OT «peaKTOpHblX»), B H8CT0flll!88 speMfl He B nOI1H0'1 Mepe YA0BJ18TBOpHeT Tp9-

60B8HVlflM, npe,qbflBJlfleMblM K npaKT11YeCK11M paC'l9T8,.M xapaKTeplACTIAK 311flY. BMe

cre C TeM 11crop11-iecKaf1 npaKTVIKB pa3811Tlllfl K0HCT8HTH0f0 11 nporpaMMH0fO o6ecne

'-l8HVIR npVIKI18,l\HblX 38,qaY flA8pHOH q:l1131AKl1 ,qaeT OCHOB8Hl18 H8,q8flTbCfl, '-lT0 B X0,[\8 

A8JlbH8HWIAX pa6oT no ycoeepweHCT80B8HIAIO «BblCOK03HepreT11'-leCKVIX» nporpaMM VI 

11X a,qama411111 K «peaKT0pHblM» 38,qaYaM yp0B8Hb T0'-lH0CTl1 VIX npe,qCK838Hl1H M0}KST 

661Tb CYll!8CTB8HHO n0BblWBH. 

OCHOBHblE PE3YJ1bTATbl PA6OTbl 

1. BblnOI1H8Hbl IIICCI18,[\0B8Hlllfl no onpe,[\8I18HIIIIO BblXOA0B np0AYKT0B npo-

TOHHblX peaK41AH B 209Bi, 208Pb, 207Pb, 206Pb nplA Ep =0.13 VI 1.5 raB; nalpb np111 Ep:;:; 1.5 

faB; 208PbnpVI Ep=1.0 raB; 65•63Cu npVI Eµ= 1.5, 1.2 IA 0.13fa8; 59Co nplA Ep= 1.2, 

0.20, 0.13, 0.10111 0.07 raB. Bcero nony<ieH0 960 3H8'-18HIAH, Vl3 K0T0pblX: 110 H838BIA

ClllMblX BblX0AOB, 84 H838B11CIAMblX BblX0,[\8 M8T8CT86lllJ1bHblX COCTOflHIAH, 98 H838811-

C11MblX BblX0,[\08 cyMM M8T8CTa61AJ1bHblX 1,1 0CH0BHblX COCT0flHIIIH, 668 KYMYJlflTlllBHblX 

BblX0A0B. 60JlbW8fl 'l8CTb pe3yJlbT8T0B nony'-leHa anepBbl8. 

2. YTOYH8Ha H8ITTP0HH8fl C0CTBBJ1fll011.\BS'I B BblBOAIAMblX np0T0HHblX ny>lKax, 

v1cnonb3Y8MblX Ailfl 04eHKVI BK!la,qa nopor0BblX H8ITTp0HHblX peaK4V1i:i B no11y'leHHbl8 

3H8'-18Hl1fl BblX0J:108. 
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3. npoee,QeHbl "13MepeHI,m ce•mHW.R pea1<41,11,1 27 Al{p,x)24Na, wcnonb3yeMoti1 

B Ka4eCTBe 0CH0BH0til M0HITTOpH0til. 

4. lr1ccneAoaaHa 3aa111c111M0CTb a¢¢eKTI,1BHoCT111 pernCTpa41,11,1 cneKTpoMerpa 

OT paCCT0.RHl,1.R IIICT04HIIIK - ,qeTeKT0p. 

5. Ocyl.J.!ecreneHo Me)Kfla6opaTopHoe cpaaHeH111e peaynbT8T0B H83aBWCIII-

MblX 1113MepeH111ti1 BblX0A0B np0AYKT0B .R,QepHblX pea1<4111ti1 B 3Kcnep111MeHTanbHblX 06-

paa4ax 
63

•
65

Cu, 0.[IH0BpeMeHH0 06nY4eHHblX Ha YCK0pITTene lr1T34> 1,1 "13MepeHHblX B 

lr1T34> 111 B JAERI. 

6. 8btn0flH8Hbl 3Kcnep111MeHTanbHble "1 pacYeTHble IIICCfl8A0BaHIII.R IIIHTe-

rpanbHblX pa,Q111a411t0HHblX xapaKTeplllCTIIIK (8KTIIIBHOCTb, MOI.J.!HOCT!i 3Kcnoav14v10HHOti1 

A03bl y-111anyYeHv1.R) 06nY4eHHblX MaTeplllanoa, nepcneKT"1BHblX Afl.R v1cnonb30BaHIII.R B 

K0HCTpy1<41,,1.RX 3nflY. 

7. Ha 0CH0Be nonyYeHHblX 3KCnep1,,1MeHTanbHblX peaynbT8T0B Bbln0flHBHa 

eep1,,1cp1,1Ka4111.R 14-TM paC48THblX nporpaMM, "1CnOnb3YBMblX B M"1pOBOti1 npa1<T111Ke Afl.R 

MOAen1,,1poeaH"1.R napaMeTpoe 3nflY (CEM95, CEM2k, CASCADE, CASCADE (INPE), 

INUCL,. HETC , LAHET; GNASH, ALICE, QMD, NUCLEUS, YIELDX, Foshina et al., 

CINDER'90). 

8. npoae,qeHbr 3KCnep111MeHTanbHbl8 IIICCil8AOBaHIII.R 111 paC4eTH08 MO,Qen111-

poeaH111e CKOpocretil noporOBblX pea1<4111ti1 Ha BHewHetil noaepxHOCTl/1 BOnbcppaMOBOtil 

MIIIWBHIII np111 o6ny4BH"1111 ee npOTOHaM"1 C 3Heprvieti11090 MaB. PeaynbTaTbl 1113Mepe

Hv1ti1 cpaeHeHbl C nOnyYeHHblMIII pacYeTHblM nYTeM C 11cn0J1b30BaHl/leM nporpaM0M 

LAHET, CASCADE, CEM95 1,,1 INUCL. 

9. no.riyYeHo 3KCnep11MeHTaJ1bH0e 3Ha48Hv1e 3cpcpeKT"1BtlOro pe30HaHCHOro 

1,1merpana 
237

Np no pa,Q111a4110HHOMY aaxsa,y e pacTBope T.R>Kenotil B0Abl. AHanv1a no

nyYeHHbIx peaynbTSTOB 00380Jl.R8T CA8Jl8Tb BblBOA O CYI.J.!8CTBOBaHv111 6nOKIIIPOBKIII pe-

30HaHCHblX ypoeHetil, 3Ha'-1eHv1e KOTOpOll1,QOCT111raeT-16%. 

10. C 111cn0J1b30B8H1118M T.R>KeJlOBOAHOtil Mv1Kp0MO,Q8Jllll 6naHK8T8 3nHY npo-

aHanv1a111poaaHbl xapaKTepv1CT"1KIII KJ)ITTl148CKv1X KOMnoav14111ti1 peweT0K v1 3Q)Q)8KTOB pe

aKTI,1BHOCTl1. 

11 lll3MepeHbJ CKOp0CT"1 pea"' '1'1111 R"c. R"Mn v""A• 1:/"L• n"AI 1/"Th B 
• •~ 11,Y I 1lJ' I ..l',r.J' J .H11,1 ' .,."n,a f .-.'n.y 

pa3Jlv14HblX T04Kax MIIIKpOMOAen111 6naHKeTa 3nflY, aanonHeHHOro T.R>KeJlOBO,QHblM 
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pacrsopoM a30THOKIIICJlOr0 T0p"1.R. nonyYeHHble 3HS4eH"1.R cpaaHeHbl C p93yJlbTSTSM"1 

MO,Qenv1poaaHv1.R no «peaKTopHblM» nporpaMMaM MCU ,TRIFON-TRECD. 

12. npoae,QeHbt paCYeTbt HaKonneH111.R =u 111 233U npv1 06nY4eH~111 Ts:DKeno-

soAHoro pacreopa 232Th a 6naHKeTe 3nHY. 

13. npose.cieHO cpaaHeHv1e npe,(ICK33aTenbHblX cnoco6HOCT8"1 12-TIII YK83aH-

HblX BblWe «BblCOK03HepreTl/l4eCKIIIX» nporpaMM 1,,1 2-x «peaKTOpHblX» nporpaMM B 06-

nacrnx 3Hepr111ti1 HeITTpOHOB 0.5 38 < En< 1 raB 110.025 38 < En< 20 MaB. 
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