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0Blll,A51 XAPAKTEPI1CTI1KA PABOTbI 

AKTYaJibHOCTh npo6neMhl. B uacToHmee BpeMH O,D;HOlt ll3 ITPil'IIIH c,n;ep)f{HBaHllH pa3-

BllTIIH H,!lepuolt suepreTIIKll .llBJ!HCTCH npo6JieMa pa,D;l!Oa.KTl!BHblX OTXO.D:OB. B ITOCJIC,D;HCe ,D;e

CHTllJICTHe BO MHOrllX CTpattax, BKJIIO'IaH P<I>, Ha'laJil!Cb aKTl!BHble IlOHCKH cnoco6oB yMeHb

rnemrn paJJ:I!OTOKCH'IHOCTII OTXO.D:OB. B HaCT011mee BPCMJI HCT o6rn:enpll3Hanrro:l! KOHD;CIIIIIIII 

pememrn STOit npo6neMhl. 0,D;Hl!M l!3 BapnaHTOB pemeHHR npo6neMhl o6parn:emrn c pa,nno

aKTl!DHb!MI! OTXO,D;aMn JIBJIRCTCJI C03,ri;aune T.H. 3JICKTpOJI,D;CpHblX ycTaHOBOK {8n.HY), OTJ!l!

'laJOTIIHXCJI OT Tpa,D;IIIIIIOHHblX 11,ri;epHblX peaKTOpOB HaJIH'll!eM MOmuoro HCltTJ)OHHOro l!CTO'l

HIIKa, ocymecTB.'IJIIOrn:ero pa6oTy fCTaHOBOK B IIO)J,KPIITU'ICCKOM pC,KHMe. IIpoeKTHpOBaune 

He:l!Tponuoro IICTO'IHHKa, pa6oTaroin;ero IIO,[\ ,D;e:l!CTBHCM Bb!COKOTO'IHOro ycKOpl!TeJIJI rrpoTO

HOB C sneprIIelt nopJI,D;Ka 1 I'sB, Tpe6yeT npHBJie'leHue rrporpaMM, aKTIIBHO IICIIOJib3YIOillllXC11 

B q>II31IKC Bb!COKIIX 3Hepr1Ilt, HO He IICIIOJ!b30BaBmIIXCJI panee B rrpllKJia,r\IlblX peaKTOpHbIX 

pac'leTax. TaK KaK B HaCTOHmee BpeMJI OTC)'TCTBYeT OIIb!T llX HCITOJlb30BaHIIJI ,[\JIJI npoeKTil

poaaHIIJI neltTPQHHbIX IICTO'IHHKOB 9n.HY Tpe6yeMoit Morn:uocTn, BCTaeT sorrpoc O Bepnqm

KaD;lll! sTnx uporpaMM. 

il;enhIO ,n:nccepTaIJ;HOHHOH pa60Thl JIBIIJIIICb BCpHq>IIKaIUUI rrporpaMM, IICIJOJ!b3yeMb!X 

MJI pacqeTa uapaMCTpOB MI!IllCHHblX ycTpoitCTB, Ha OCHOBC HJJ:CpHh!X ,D;aHHb!X IIOJIY'ICHHb!X B 

JiIT8<l> 3KCIIepHMCHTaJibHO Ha MaTep1Ianax, upC,D;!IOJiaraeMblX B Ka'lecTBe MllillCHHblX II KOH

CTpyKIJ;IIOHHbIX MaTepnaJIOB 8n.HY, a Tru{)f{C OIITHMl!3arr.noHHble pac'ICTbl OCHOBHb!X 11,ri;epHO

<p1!3ll'ICCKIIX napaMeTpOB MlfillCHHb!X ycrpoitCTB 8JI.HY, rrpoeKTnpyeMblX B MT9<I>. 

• B paMKax llOCTaBJICHHOii IICJIII 6bIJilf pemeHbI CJielzy!OIIIHC 3a,IJ;a'IH: 

1) rrpoBe.n,eH aHaJIII3 COOTBCTCTBII.ll ueo6XO)J,I!MOlt pacqeruoit II HMerorn:ettc11 3KCIIepnMeH

TaJibHOit TO'IHOCTII OCHOBHb!X rrapaMeTpOB MlfillCHeit H3 TH:lKCJ!blX MaTepl!aJIOB nplI o6Jiy'le

Ill!I! HX IlpOTOHaMH BbICOKl!X 3Heprnlt; 

2) onpe,ri;eneH Ha6op uapaMeTpoa, uan6onee upnro,a;Hb!X )J,JIJI aepnq>HKaD;HH pac'leTHb!X 

nporpaMMi 

3) pa3pa60TaHa MCTO,D;l!Ka cpaBHCHll.ll 3KCnepHMCHTaJibHb!X pe3yJibTaTOB no Bb!XO,D;y 

H.n,ep-npo,D;yKTOB C pe3yJibTaTaMII, IIOJIY'ICHHblMII C IIOMOIIIblO pa3Jill'IHb!X lfCIIOJ!b3YCMblX B 

HacroHmee BpeM11 rrporpaMMi 

4) BbIIIOJ!HeHa sepHq>HKaD;IUI 3TlIX rrporpaMM IIYTeM cpaBHCHHJI pac'leTHb!X II 3Kcrrepn

MCHT'd.JlbHbIX 3Ha'leHl!lt Bb!XO,D;OB JI,D;Cp-IIpO,!!;yKTOB H3 TOHKl!X II TOJICTb!X MlfIIICHett; 

5) C03.D:aH B3aHMOCBJI3aHHblit caMOCOrJiaCoBaHHbiit KOMIIJ!CKC nporpaMM ,[\JIJI pac'leTa 

R,D;CpHOq>II3lf'leCKl!X rrapaMC'.fPOD TOJICTbIX MllilleHei!.; 

{/i: ·~:.·.~~~,,.,: {!l.~n i~:~::~:;;.·;l·~- \ 
~L .. ; '..f+1~1s Llt.~::=;:~~::;.7.~•~,r- 1 

,- ,,P~ fif••l<''"'~,-,-<.<" ,' \D;~•vf=,JJ;, ,~I ,_~_!!_t':l 
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6} BbIIIOJIIlCIILI paC'le'Tl,l napaMe-rpoB MnmeHHhIX ycrpottCTB 9JI5IY, npoeKTllpyeMhIX B 

HT9<I> c l.\eJibJO nx onn1Mn3anm1. 

Hay'!Hrul IIOBH3Ha 

1. BrrepBb!e 113)''-Iella T0'IIIOCTb IICITOJib3yeMb!X IIporpaMM )],JU! MO,n:eJrnpoBaHIIH rrapaMe

TpOB MIIIDeHHb!X ycTpOfiCTB ll3 TJl)KeJib!X MaTCJ)llaJIOB. 

2. Pa3pa6oTaHa MeTO,n:nKa cpaBHeHHH 9KCI1ep11MeHTaJibHblX ll pac•IeTHb!X pe3yJibTaTOB HO 

He3aBHCHMb!M. II KYMYJIHTHBHb!M BLIXO,D,aM HJJ,ep-IIpO,D,yKTOB B TOHKHX MllllleHHX. 

3. Ilpoee,n:ena BepmpHK8IIHH OCHOBHblX llCIIO,'Ib3yeMbIX B HaCTO'l!IlCe Bper,rn rrporpaMM 

rryTeM cpaenemrn pac'ICTHhlX pe3yJihTaTOB C 3KCilCpHMeHTaJibHblMII no BhlXO,n:aM 11,D,ep

npo,n,yKTOB ll3 MaTepHaJIOB, npe,n:rroJiaraeMbIX ,n:mi llCilOJib30BaHIU! B Ka'leCTBe MlllliCHHblX 

H KOHCTPYKIIHOHHhIX MaTepHaJIOB 9JI5IY. 

4. PaCC'lllTaHbl OCHOBHbJe RJJ,epHO-!pH3ll'ICCKiiC napaMeTpbl npoeKTHpyeMbIX B MToCl> 

MllillCIUlb!X yCTpoitCTB OJI5J.Y. 

IlpaKTH'leCKaH D,eHHOCTb pa60TbI 

IlpaKTH'IeCKaR neHHOCTb pa60TI,I COCT0HT B llCCJie,n:oBaHHO.i! TO'IH0CTH 'pac'!eTOB OCHOB

JII,IX 11,n:epuo-cpH3H'leCKHX rrapaMeTpOB MHmeHHLIX ycTpottCTB OJI5IY. Oco6eHHOCTb ,n:anHott 

pa60Thl, OTJIH'!aIO!IlCfi ee OT ,n:pyrn:x rro,n:o6HI,IX pa6oT ( Hanp. 1)' COCTOHT KaK B HCIIOJib30Ba

Illlll IIIHpoKoro Ha6opa nporpaMM, npHMCHReMb!X )],JU! pac'le-ra OJI5l.Y, TaK ll B HCIIOJib30BaHllll 

ua6opa 3KCnepHMCHTaJibHhlX ,n:aHHbIX, Tpe6yeMbIX cyry6o ,D,JU! rrpoeKTHpOBaHll.H on.HY 

BhlRBJieHHaH TO'IHOCTb nporpaMM uarJIH,D:HO ,n,eMOHCTpnpye-r JIOTeHIIllaJibHble BMll'!llHhI 

onm6oK, KOT0pbre MOryT llMeTb M€CTO npn HCilOJlb30BaHHll paC'1€THblX rrporpaMM 6es 3KC

rrepHMCHTaJ!bHOi1 rro,n,,n:ep)!{Kl!. 

TO'IHOCTb rrpo,n:eMOHCTpllpoBaHa Ha npnMepe mnpOKOrO naKeTa nporpaMM, BKJJIO'lalOIIlllX 

mnpOKHfi cneKTp MO,n:eJiett BHYTPHH,n:epuoro B38HMO,n:ei1c.'TBH11 ll aKTHBHO llCIIOJib3YIOIIlllXCH 

)l)IH pac•1eTOB napaMeTp0B oJJ.HY, KaK B Pel>, TaK n 3apy6e)KOM. 

To'IHOCb nporpaMM npo,n:eMOHCTpllpOBaHa no: (1) He3aBHCHMblM ll KYMYJIHTHBHhlM BhI

XO.ll:aM HJJ,ep-rrpo,n,yKTOB B TOIIKIIX Ml!IIIeHHX ll3 MHIIIeHHhIX H K0HCTJ>YKIIHOHHbIX MaTepnaJIOB 

OJLHY; n (2) CKOpDCTRM peaKIIHit na IlOBCpXJI0CTll TOJICTOfi W-MHmeHll, o6Jiy'leHHOll npoTO

HaMH c 3Heprnett 1 f;}B. 

1 R. Michel, P. Nagel, Interenational Codes and Model Intercomparison for Intermediate Energy Activation 

Yields, NSC/DOC{97)-1, NEA/P&T No 14. 
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1. TOHKHe MllmeHH. ~JI KOppeKTHOro cpaBHCllllR pac'leTHhIX pe3yJibTaTOB C 3KCne

pl!MCHTaJibHI,IMll C03.!(aHa MeT0,D:HKa CJI11qeHHH 9KCnepHM€HTaJibHI,IX ll pac'!eTHblX pesyJib

TaTOB no BLIXO,n:aM ue3aBlICl!MhIX ll KYMYJIRTIIBHblX JI,n:ep-npO,D,yKTOB B T0HKIIX MHIIIeHHX, 

6a3npyromaHCH Ha MeTO)l;IIKe 3KCnepHMeHTaJibH0ro IlOJJy'!eHH.H Henocpe.o,CTB€HHO B MTo<t> 

KYMYJIHTIIBHblX lI Ue3aB!ICIIMhIX Bb!XO.IJ;OB R,n:ep npo,n:yKTOB. 

l'IcIIOJib3YH 6oJiee 720 SKCIIepnMeHTaJ!bHhIX 3Ha'leHHl! BbIXO,n:OB 11.n,ep-npo,n:yKTOB Ha 

x.n_pa.x-MnmeHHX KOHCTPYKIIHOHHhIX MaTepnanoe o;r5IY, H3MepeirnhIX B MTo(J) (o6Jiyqa.irnch 

209Bi,natpb, 208Pb, 207Pb, 206Pb, 63Cu, 65Cu, n 59Co nporoHaMn HH3KHX (0.07 - 0.2 f::,B) 

11 BbICOKliX (1.2 u 1.5r-aB) 3HeprnHX}; 6bIJIO BI,IIIOJIHeHo cpaBHeHne c HllMll pac'!eTHblX pe-

3YJibT8T0B, II0Jiy•1eHHNX no IIporpaMMaM: CEM95, CASCADE, INUCL, HETC, LAHET, 

GNASH, ALICE, QMD, NUCLEUS, YIELDX, n II0JIY9Mnnpu'ICCKol! cpopMyJie Foshina et 

al. 

IlOCJie o6o6m:eHirn pc3yJihTaTOB cpaBHeHlll'I c,n:eJiaH BhIBOA O TO'!HOCTU pac'IeTa nporpaMM 

KaK He,n:oCTaTO'!HOfi .IJ:JIR Herrocpe,n:Benuoro 11cnoJ1b30BaHHH B rrpoeKTHhlX pac'!eTax. 

Ilpe,n,cTaBJI€Ha peKOMeHJJ,aIIHR no HCnOJib30B8Hll!O K0HKp€THhIX nporpaMM B 38BJi!CJi!M0CTJi! 

OT co'le-raHnH MHmeHh / npocyKT / 3Heprirn, 'ITO RDJI.HeTCR 6a3ofi ,n:JI11 .n,a.nhnettmero pa3BHT1rn 

nporpaMM. Bh!HBJieHbl nporpaMMhl, A8101Illle uan6oJiee TO'!Hb!e 3Ha'leHHH Bb!XO,n:0B .a,n:ep

npo,zzyKTOB. 

2. ToJicTrur W-MHmeHb, McnOJih3YH nporpaMMhI LAHET, CEM95, INUCL n 

CASCADE .wrn MO,n:MnponaHHH c1wpoCTel! peaKnntt Ha noaepxnocTn TOJICTO.lt W-Mnmenn 

6btJio rrpone,n:eHo cpaBHenne pacqeTHhIX 3Ha'!ennl! CKopocrett noporOBhIX peaKUHfi aKTnaa

U:HOHHh!X ,n:eTeKTOpoB (In, Au, Al} C 3KCIJCpHMCHTaJibHb!Mll 3II8'1€HllJ!Mll, Il0Jiy'IeHHhIMU B 

MTo<l>. 

BNHBJieHO, '!TO TO'IH0CTh pacqe-ra CK0pOCTefi peaKIIHl! HBJIHeTCR CXO,n:Hott C TO'IHOCThIO 

paC'!eTa Bb!X0.ll:OB npO,D,yKTOB B TOHKHX MHIIIeHHX. C;:i;eJiaHbl npe,n:BapHTMhHhre BhlBO.ll:hI 0 

BKJia,n:e pa3JIH'IHbIX COCTaBJIHIOIIlllX pac'!era ( cneKTpbI He:t!Tp0HOB, Ce'leIIHH) B omn6KH CKO

JJ0C'ren peaKIInll. 

KpoMe ACMOHCTpao,nu TO'IHOCTli nporpaMM, B pa6oTe npe,n:cTaBJJeHbl pe3yJibTaTbl pacqe

TOB MHmeHHblX ycTp0fiCTB, npoeKTHpyeMhIX B l1T9<I> B paMKax Me)K,D,yI!apo,n:Horo npoeK-ra 

no U3Y'!CHllIO ocym:ecTBllMOCTU TpaHCMYT8IIHH P8Jl.H08KTIIBHhIX OTXO,D:0B H,n:epuon imepreTH

Kll. BbIIIOJIH€H no;:i;6op px.n;a reoMeTpll'leCKHX napa.MeTpOB MllillCIIIIblX ycTpOfiCTB .ll:JIH IIOJiy

qemrn OilTHMaJibHhlX H,1l;epno-<pll3H'IeCKHX IIapaMeTpoB. 



6 

Anpo6au,u.H pa60Thl 

OCHOBHble ·110JimKeHlrn pa60Tbl ,!I,OKJI11Jl,I,IBaJill.Cb. Ha: 'International Workshop on Nuclear 

Methods of Transmii.tation of · Nuclear Wastes: · Problems; Perspectives, · Cooperative 

Research, Dubna, Russia, May 29-31, 1996; Second Intternational Conference on Accelerator

Driven Transmutation Technologies and Applications, Kalmar, Sweden, June 3-7, 1996; XI 

Me)K,!zyllapO)l.HOM ce1.maape no TO"!HblM H3MepeH!l.!IM B 11.nepHott cneKTpOMeTpHH, 2-6 ceHT.H-

6p.!! 1996, Capon; International Conference on Nuclear Data for Science and Technology, May 

19-24, 1997, Trieste, Italy; 3rd Specialists' Meeting on High Energy Nuclear Data, March 

30-31, 1998 at JAERI, Tokai, Ibaraki-kcn, Japan; Second International Topical Meeting 

on Nuclear Applications of Accelerator· Technology (AccApp'98},- Gatlinburg, TN, USA, 

September 20-23, 1998; 3rd International Conference on Accelerator-Driven Transmutation 

Technologies and Applications, Praha, June 7-11, 1999; Third International Topical Meeting 

on Nuclear Applications of Accelerator Technology (AccApp'99), Long Beach, CA, USA, 

November 14-18, 1999. 

0cHOBHble PC3YJibTaTbl pa60Tbl orry6JIHKOBaHbl B c6opID:!Kax YKaJaHHblX KOH<pepeHJ:111tt, 

n nn.u;e 11pe11pnHTOB l:IT3<fJ n LANL, a TRK)Ke n )Kypaanax BART Cep. "<fJH3HKa 51.ncpm,lX 

PeaKTOpon" H "Nucl. Instr. and Meth.". 

CTPYKTypa n 061>eM pa6oThl, 

Jl:HccepTa~HJJ. COCTOHT Il3 nne.nemrn, Tpex rJiaB, 3aKJilO"leHH.!I, CIIHCKa JlHTCpaTypbl. Oaa 

Il3JlO)KeHa Ha 147 CTpaH11~ax, BKJIIO'IM 43 pIICYHKa, 44 Ta6JIH~bl II CIIHCOK JlHTepaTypbl Jl3 

169 HaHMeHOBaHHli, 
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CO,IJ:EPMAHJiIE PABOTbl. 

Bo Bne.neHHH omrcaao Ha3Ha'IeHHe 3JieKTpOa.u;epHb!X yCTaHOBOK H ,a:aH KpaTKlltl ofoop 

npoeKTllpyeMLIX 1mmeHHh!X ycTp0liCTB ,11,.,Ul pea."IH3a~HH o.;151Y, KOTOpblli IIOKR3blBaeT Han

UOJJee '!aCTO npe.L\,:mrac~ll,IC ,rnmeHHble MaTepHMhI, irneprnn II MOill,H0CTII npOTOHHh!X IIY'I

KOB. Ilpe,!I,CTaB.;JeHbl Heo6xo.nnMble ;:r.;rn npoeKTIIPOBaHH.!I napaMeTpL! MI!llleHHblX ycTpOt!CTB, 

a TaK)KC OCHOBHble MeT0JJ;hl If uporpaMMhl, I1CnOJ11,3yeMble ,!I,JlJJ. HX MO,!I,CJlHpOBaHH.H. IlocTa

BJieHa 3a,u;a•ia ITO Heo6xO,!l;JlMOCTH HCCJle,!I,OBaHHH TO'IHOCTH pac'leTOB aKTHBHO ncn0Jlh3yeMx 

B HaCTOHillee BpeM.!1 nporpaMM. 

B Dmne 1 npoBe,;i:eHO HCCJie,Ll,OBaHne 3KCnepnMeHTaJibHOtl: II pac'leTHOtl: TO'IHOCTH OCHOB

HblX napa~teTpOB MHllleHett. IlOKa3aHa yJJ;OBJieTBOpHTeJihHaH (~15%), no 60Jiblll11HCTBy npo

rpaMM, TO'IHOCTl, pac'!eTa 110,"IHOro HeliTpoHHOrO BblXO,!I,a If nOJIHOJ"O 3Hepr0BbI,1l,eJJeHl1.ll. Mc

IT0J!h3YJJ. 3KcnepHMeHTaJlhHbIC uanHblC IIOKa3aHO, 'ITO ,!I,aHHaH TO'IHOCTh C0OTBeTcByeT no 

nopa,n;Ky De.JlH'IHHhl 3Kcnepn~1eHT3JlhHOi1 TO'IHOCTH. IloKa3aHa MeHee Y,!I,OBJieTBOpHTeJibHa.!I 

(~30%) T0'IHOCTh paC'ICT0B JIOKa.IIbll0l"O :rneproBbl,U:eJ1emrn, B nepnyJO O'!epe,u,b, 3a C'leT rrpo

,!(}"KTO!l H,a:epHhlX B3aHMO,!I,et!CTDHi1. TioKa.'3aHa Hey,!I,OBJieTBOpliTeJihHR.!I TO'IHOCTb ( cpaKTOp 2 ll 

BbllIIC) pac'!eTa Bh!X0,[\OB a;i:ep-npo.nyKT0B. 9To n03B0JlHJ10 C,!I,eJlaTh BhI6op B IIOJ!h3Y Bh!X0,1l,a 

11,u:ep~npo,a:yKTOB KaK napaMeTpa ,n:nH nepncp11Ka~n nporpaMM. TToKasatta Heo6xo,n;HMOCTh 

HCilOJib30BaHH.!I U30TOITHhlX MIIilleHeli JJ;J!H HaKOUJleHIIJJ. .!1,!I,epHbIX .naHHhlX ,n;m1 nepmpnKaI1HII 

rrporpaMM. IlpoBe,il,eH CTaTHCTII'leCKHil aHRJlH3 a,!I,pOHHOro KacKa.na B TOJICTOtt MHIIleHH, B pe-

3YJlbTaTe IIOKa3alll,T ,,mma.'30Hbl 3Heprnn HYKJJOHOB, npIIHHMalOIIJ;HX rran60JlhlIIee y'laCTne B 

Me)K'h.ll,!I,epHOM KRCKa.nc, If, CJJe;J.OBaTPJibHO, HaH6onee Ba:lKHbie ,!I,Jl.!I Bepn<pnKaunn nporpaMM. 

B rnruie 2 np013C.ilCII ofoop cym.ecTBYJOIUHX H,!I,epHhlX ,n:aHHhlX no BblXO,U:aM H;i:ep

rrpo~yKTOB ll3 tOHKHX l\llflIIeHeli MaTepua.,,on-KaJI,!I,H;J:aTOB B MHllleHHhle ycTpOilC'rBa, 06,,r1a

e!-1blX npoTonaMH Bh!COKHX 3Heprnt!. IloKasaHO OTCyTCTBHe npnrO,!I,!IhlX ,1l,,"IH nepnq>HKauun 

.u;aHHblX ,!I,Jl.!1 H30TOnOB CBHHIJ;a. IloKasaHa He,n:oC'raTO'IHOCTb ,n;aHHh!X ,!I,JJJJ. BHCMyTa, Re,1l,OCTa

TO'IHOCTb ,n;aHHhIX no BhlXO,L(Y KOpoTKO)KHBYillHX »;i:ep-npo.nyKTOB. 

B CBH3H c TCM, 'ITO 6oJJhllla.!I •1acTb 3KcnepnMeHTaJil>HblX ,n;aHhlX co.uep)KHT KyMy.1:HTHB

Hh1e Bh!XO,!I,bl, 6hlJia pa3pa6omHa MeTO}J;HKa cpaBHeHHH pesyJibTRTOB pa3JlH'lllblX nporpaMM 

C 3KCilepnMeHT3..,"IhHhlMli 3lJaqeHH.HMH no HeJaBHCIIMbIM H KYMYJlJJ.THBHb!M BblXO,!].RM JJ.,!1.ep

npo,n;yKTOB. McTO,!I,HKa cornacoBaHa C paspa6oTaHHOtl: B MT3<fJ 3KCnepnMeHTaJlbHOli MCTO

J],HKOll. onpe,n;eneHH.ll Bb!XO,!I,0B a.nep-rrpo.nyKTOB. 

l1cnOJih3j"H 3TY MeTOJJ:IIKY 6bl."IO npoBe,!I,eHo cpaBIICIIHC 3KCHep11MeHTaJihHb!X l1 paC'leTHblX 

,i.l,aHHhIX no BhlXO.UaM a.aep-npo_n;yKTOB. 
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B cpaRHemm l!CilOJlb3OBaJIIICI,: 

1. QKCIIep11Me11Ta.,'IbHble pesyJlb'raTbl no BblXO.UaM JI,Uep-npo.uyKTOB B: 209Bi, 

208
Pb, 

207
Pb, 

206
Pb, 06.nyqennb1x npoToHaM!l c 3Heprnen 0.13 n 1.5 f9B; 

natpb, 06,Ty'TeHHOM c 3Hepme.lt 1.5 f3B; 59Co, o6JiyqennoM nporo11aMII c 

::meprnen 0.07, 0.10, 0.13 II 1.2 f3B; 63Cu, 65Cu, 06.nyqeHHblX nporonaMII c 

9Heprnel1 0.13, 1.2 n 1.5 f3B. 

2. Pe3yJibTaTbl MO,D,eJil!pOBaHHJI ::lKCIIepHMeHTaJibHO 113MepeHHblX JI,Uep-

rrpo.uyKTOB l!CIJOJ!b3YJI rrporpaMMbl: 

• I<aCKa,1lRO-::lKCHTOHHYIO CEM95, 

• KacKa.rmo-ncnapnTMbHO-.UeJI11TeJihHYIO CASCADE, 

• KacKa.UHo-npe.upaDnoDcc11O-ncnapnTcJir.Ho-.ueJinTeJib11y10 INUCL, 

• Karnairno-ncnapnTeJibHYIO HETC, 

• 1rncKaµHo-llcrrap1ITeJibHO-.UeJI11TeJibHYIO LAHET, 

• npe.npannoBecHo ncnapHTeJihHyro GNASH, 

• npe.npannonecno-IIcnapnTem,~yro ALICE, 

• KBaHTOBO-MOJieKyJ'IHpHO-.UllHaMH'lecKyIO QMD, 

• KacKa.n:110-ncnapnTem,110-.ueJillTe.rrbJIYIO NUCLEUS, 

• no.11yq>eH0MeHOJIOrIP1ecKy:ro YIELDX, 

• 110Jiyq>e110MeHOJIOrnqecKy10 q>OpMyJiy Foshina. 

Pe3y.'lhTaTbl cpaBHeHHH 11pe,uC'raBJI8Hhl B Rll,ll;e Ta6Jrll!J; II pncyHKOB IIOHYKJilfJJ;HOro cpaB

HeHIUI, Ta6mni; n pncyHKOR CTaTHCTl'!'!eCKHX OTKJlOHeHilit "pacqeT/3KCIIepnMeHT" II R RH,)J;e 

pncyHKOB MacCOBblX Bb!XO,!J;OB. C,ueJiaHbl BblBOJJ:bI O CXO)I.llMOCTll pac'IeTl!bIX II 3KCIIep11MCII

TaJibHblX pe3yJihTaTOB no Ka>K,n;ol!. nporpaMMe, rpyrrne 11.uep n 3HeprHH. Pacc'InTam,r cpe.u

HeKna.upaTH'IHbie OTKJlOHeHHH paC'IeTHblX pesyJibTaTOD OT 9KCnepHMCHTaJlbHbIX no 'ICTbipeM 

OCHOBHhlM Ha6opaM 11.upa-MHmeHH/;mepnrn ll C,!l;MaHbl Bb!BO.Ubl TOJlbKO O Ka'IeCTBeHHOM co

OTBCTCTBllll 60JibIIlllHCTBa 3Ha'IeHH.lt BbIXO.UOB MO.n;emrpyeMblX no BCeM nporpaMMaM 11.n;ep

npo.uyKTOB sKcnepnMeHTaJihJJhIM pe3yJibTaTaM. TToKasaHo, nanpnMep, 'ITO a c.nyqae TH:)l{e

Jib!X 11.a;ep (cBlrneu, Bll~tlYT) o6Jiy'IaeMblX rrpn Bb!COKHX 3Hepm11x, HaHJIY'IIDel1 npe,n;cKa3a

Te.~bHOll. CliJIOll 06J1a.n_a~T nporpaMMa CEM95, rrpe;J.CKa3b!Baroma11 DhlXO,!I;l,l 11.uep npo.uyKTOB 

co cpeirneKBa,n;paTll'IHhlM OTKJlOHeHHCM 1.92, T.e. c TO'lHOCTbIO Ha YPOBHe Bcero Jll'III!h ~Jg0%. 

B rmrne 3 npe,ucTaBJieH B3allMOCBll3aHHh!l1 caMOCOrJiaCOBaHHbltl: KOMITJICKC nporpaMM 

·,!l;JIH pac'IeTa R.UCPHO-q>ll3l!'IeCKllX napaMCTPOB TOJICThlX MllmeHeit, HCnOJib3YH nporpaMMbI 
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HETC, MCNP, SPECT, EGS, TWODANT, 6as .uaHHblX ENDF /B n BHAB. TTpon3ne_ne

Ha MOiil!q>UKau:1111 nporpaMMhl SPECT ,D;JIJI pac'leTa Tpe6yeMhlX napaMeTpon MnmeHHhIX 

ycTpOitCTB, BKJlIO'IaH HeitTpoHHblll BhlXO.U, IIOTOKU KaCKa,1lHblX 'lacTUU, nOJIHOC ll JIOKaJibHOe 

sHeprOBbl,UeJieHne. Paspa6oTaHa n pea.rru3oBaHa ,MCTO,llHKa pa<;'IeTa napll,llaJihHOro ,mepro

Bhl,n;e.rreHnH B KOMIIOHeHTaX CMecu, 3a.n_aHHOll roMoreHHO. 

l1cnoJib3YH 3Tll rrporpaMMhl npone.ueHbl OIlTIIMU3all,llOHHbre pac'ICTbl napaMCTPOB MllllieH

llblX ycTpOltCTB, npe;J.CTaBJieHb!X .UJIR npoeKTllpOBaHllJl 8JI5IY. BhlJill npoaHaJIH3llpOBaHbl .nae 

:)l{H,D;KOCBHHU:OBI,Te, CBllHOUODO-BllCMYTOBaJI, BOJihq>paMOBaH ll CBllHIJ;OBO-TJl:)KeJIOBO,llHaH Mll

IIICIIII, npe,!J;JIO:)l{eIIHble )lJIH npOCKTHOll peann3arurn B xo.ue pH,lla npoeKTOB no llCCJIC,UOBaHHIO 

3JI5l Y. B xo,lle onTl!Mll3al.\11ll nOJIY'.}CHbJ: 

- Ha.1160.rree OIITllMMbHhle COOTHOIIIeIIHll ,unaMCTpOB IIY'IKOB ll MumeHHOrO MaTep.11a.rra 

B CJiy'Iae CBHHU:ODO-( BllCMyTOBOll) MHIIIeHH, IIpllHHMaH BO BHUMaHue Bb!XO.U Hel!.TpOHOB ll 

He,llOIIYCTllMOCTb JIOKa.'lhHOfO neperpeBa Ml!meHHOro Ma'rep.11a.rra; 

- Han6oJiee onTHMaJibHoe KOJili'leCTBO .n:o6aBKU 6epUJIJIHH ,!l;JIH YBMll'ICHllH HeitTpOHHOro 

DhIXo.ua 3a cqeT (n,xn) peaKUH.lt; 

- 3aBl!CllMOCTb Db!XO,ll;a HelhpOHOB CBIIHU:OBO-TH){(eJIOBO.UHOll KOMII03llU:Hll B saBl!CllMOCTH 

OT rropHCTOCTH; 

- na.1160Jiee OIITHMaJlbIIble COOTHOIDeHHJI ,!J;HaMeTpOB CKaHnpyeMoro rry'IKa ,!l;JIJ{ ,D;OCTH

:)l{C!Ill.H MaKCHMa.'JbHblX HeitTpOI!HblX noTOKOB, llCIIOJib3YR rasooXJia:)l{,!J;aeMhlC CBUHIJ;OBbie ll 

BOJi:bq>paMO!lbJe MHllICHI-1. 

l1cc.11e.uonatta rrpo6JicMa nepnolt CTeHKH (oKtta) no sHepronr.1,n;MCHnro. l1cCJre.n;onaHa :m
BllCHMOCTh MaKCHM8.JlbHOro yJJ;e.,'IbHOI'O :meprORbi;AeJieHllJ{ OT ncnOJib3OBaIIHH pa'.illl!'lHbIX Ma

Tepna.JJOB B Ka'TeCTBe KOHyCHOro OKHa MllmeHH. 

B 3aKJnoqeHHH o6o6iueHh~ pesy.11r.TaThl ncCJie,n;oaami.lt n C.UMaHbI BhIBO.Uhl o nco6xo.un

MOCTll rrpOBe,!J;eHH.H .UaJibHeitruell Hapa60TKll SKCIIepHMeHTaJibHblX ,n;aHHbIX ,ll Ha llX OCIIOBC -

npO,llOJI:)KCHllJl conepmeHCTBOBaHHH reopeTH'IeCKHX MO,lI,eJie.lt ll nporpaMM. 
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OCHOBHblE PE3YJibTATbl ,lJJ1CCEPTAI..IJ1M 

1. Co:i,naH B3aflM0CBR3aHHblfi K0MIIJieKC rrporpaMM ,!l;JIH paC'Ie'ra HefiTpOHOq>ll3fl'IeCKllX 

rrapaMeTp0B T0JICTb!X MmneHefi, 11c110Jih3YH nporpaMMhI HETC, MCNP, SPECT, EGS, 

TWODANT, 6a3.a.ammx ENDF/B u BHAB (pnc. l). IlpoBe,n;eaaMo,n;Hq>HKari;HH rrporpaMMhI 

SPECT LJ;JIR pacqera Tpe6yeMhIX napaMeTpoB MnmeHHhlx ycTpoil:cTB, BKJIIO'IaH HefiTp0HHhifi 

Bb!X0.!l., II0T0KH KaCKa,D.HhIX qacn1ri; .II II0JIH0e .II JI0KaJihH0e 3Hepr0BhI,!l;eJieHHe (puc. 2). Pa3pa-

60TaHa H peaJIH30BaHa MeTO,!l;llKa pacqera napn:HaJihH0ro ::mepr0Bhl,!l;eJiemrn B KOMII0l!eHTax 

c1v1ecn, 3a,D;aHH0fi ro1v1oreHH0. 

BhIIIOJIHcHa Mo,n;epHHll3ari;11H nporpaMMhl HETC nyTeM BKJIIO'Iemrn B Hee aJihTepHaTI1B

Hh1x M0,!J;JJie:lt H3 nporpaMM CEM95 11 INUCL, M0,!l;eJIHpy10m;11x a,n;poH-H.n;epahle B3aHM0,n;ett

cTBIIH. 

2. lIOKa3aHa y,n;0BJieTB0p1neJihHaR (~15%), no 60JiblIIHHCTDY nporpaMM, T0'IH0CTh pac

'!eTa TI0JIH0ro HCfiTp0HHOI'O BhIX0,!.\a ll II0JIH0r0 3Hepr0BhI,!J;eJieirnR. McnOJih3YR 3KCIIepHMeH

TaJibHhle .ll.al!HhlC noKa:mao, '!TO .D,annax 'l'0'iHOCTb C00TBeTCTBYeT no nopH.QKy BeJIH'IHHhl 

3KCnepHMeHTaJihH0fi T0'!HOCTII. IloKa3aHa Mettee y ,!l;OllJieTH0puTeJibHaJI ( ~30%) T0'IH0CTh 

pac<JeT0B JI0KaJlbH0ro 3Hepr0BhIAeJieHml, B nepByIO 0'lepe,n:b, 3a C'IeT TIPO.LJ.YTK0B .ll,n:epHhIX 

B3aJIM0,n;CfiCTBHll:, a TaioKe Hey)J;0BJieTB0pHTeJlhHali T0'lH0CTh ( q>aKTOp 110pli,n;Ka 2 H BhI!lle) 

pac•1eTa Bh!X0J(0B 11,n;ep-npo,n;yKT0B. 

3. C,n;eJiaH Bh!6op Bh!X0,!l;a H,n:ep-npo,n;yKTOB KaK napaMeTpa J(Jl.ll BepHq>llKaD:Hll nporpaMM. 

IlOKa3atta neo6xo,n;HMOCTb l!Cn0Jih30BaHHJi Il30T0TIHhIX Mmnenett J(Jl.ll HaK0TIJieHI!JI Ji)J;epHhIX 

,n:amihIX )J)lH Bep11q>HKa1~I1II nporpaMM. 

4. IlpoBe.a.eH CTaTIICTU'leCKH:lt aIIaJill3 a,n;poHII0ro KacKa.n;a B T0JICT0:lt MllllleHII, B pe-

3JJibTaTe II0Ka3aHhl ,!l;HanasoHhl 3Heprllfi HJKJI0H0B, npHHJIMaIOm;llx HaH60JihIIIee j"!acT11e 

B Me)IG,Ji,!l;epH0M KaCKa.a.e, 11, CJie,n;osaTeJibH0, Ha1160Jiee npH0pllTeTHbie )J)lJI Bep11q>nKall;l!H 

nporpaMM. IloJiy'leHo, 'ITO Han6onee cym;ecrBeHHh!it BKJia,n; B ,n;HHaMnKy a,n:p0HHoro KacKa

,n;a n:rpaIOT J(llana3oHbl 3Heprnll:: E0-0.25 f3B - E0 (E0 - HCX0.n:Ha.ll ::meprn11 HaJiem10mero 

npoToHa) 11 0.1 - 0.25 f3B (pnc. 3). 

5. Ilp11 npoBe.a.eH1111 ofoopa cymecTDy10mn:x JI,n;epHhIX .n;aHHhIX no Bh!Xo,n:aM JI,n;ep

npo;zyKT0B ll3 T0HKHX MH!lleHe:lt Il0Ka3aH0 0TCyTCTBlle rrpnr0J(Hh!X J(JIJi Bepllq>HKaUJIII ,QaH

HhIX J(Jl.ll H30T0n0B cmrnu:a H He,Q0CTaT0'!H0CTb .uattllh!X J(JIJi BHCMyTa, a TaK2Ke He,Q0CTaT0'l

H0CTh ,n;aHHhIX no Bh!X0JJ:Y K0pOTK02KHBYIIJ;IIX Ji,Qep-np0,n:yKT0B. 

6. Pa3pa60Tana MeT0;:J:HKa cpaBHeHIIH pe3yJibTaTOB pa3JI!lqHhIX nporpaMM C 3KCrrepHMeH

Ta./IbHhlMI! 3Ha'IeHl!JIMII no IIC3aBl!Ci!MhIM H KYMYJIJITllBHbIM BhIX0,!l;aM lI,!l;ep-upo.n;yKT0B. 

.\ 

Ce4BHl1!l 
ENDF/B5 e 

cpopMareACE 

<l>ann P0>KAeHHblX 
Hl13K03HBPr114HblX 

Hei1Tp0HOB 11 
cbOTOH0B 

MCNP 

BblX0A 
H113K03HBrl14HblX 

Hei1Tp0H0B 
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rEOMETPvlfl, CocraB MaTep11anoa 

M0Aen11 a-N B3-11i1: 

HETC 1. BERTINI; 
2. CEM95; 

CeYeH11i:i 
6HA6-90 

3. INUCL. 
'----•I CONSYST 

<l>ann 
poJKAeH11i1 

it
0-MB30H0B 

<l>anh Bb1coKo
.3HeprnYHb1x 8AP0H

flABPHblX 
. B3811MO,QeHCTBl1H 

SPECT 

3Hepro
Bb1AeneH11e 

BblX0A 
BT0pl1'1HblX 

RASP 

Bb1neT 
BblC0K03Heprn'I
HblX Hei1rpoH0B 

npocTpaHCTBBHHblB 11 
3HeprernYBCK11e pacn
PBAeneH11R Hei1Tp0H0B 

Hei1rpOHHble 
II0T0Kl1, norn0ll.\BHl1!l, 

BbllIBTbl 

Pnc. l: CxeMa npaMeHeIIIIJi nporpaMM .n:,iJI Bhl'!HC.,'.leHllH napaMe-rp0B Mll!lleHHblX ycTpoll:CTB 

3.rr5IY. 

7. Tipose.a.eno cpaBHCnne 3KcnepHMeHTaJlhHhIX II paC'!eTHb!X ,n;aHHhlX no 11 nporpaMMaM 

110 BhIX0,!l;aM H,n;ep-npo.n;yKT0B. 

PesyJibTaTIJ cpaBHeHl!Ji npe.a.craBJICIIbl s Bll,ue Ta6JIIIU H pncyHK0B II0HYKJill,QH0ro cpaB

HeHJIH (pHC. 4), Ta6JIHU: I! p11cyHK0B CTaTl!CTH'leCKIIX 0TKJIOHeHHfi "paC'!CT/3KCUep11MeHT" 

(Ta6JI. 1 H p11c. 5) II B BHJ(C pHCYHK0B MacC0BhIX BhIX0,!l;0B (p11c. 6). CnenaHhl Bb!B0]U,I 0 

CX0,QIIM0CTII pacqeTHbIX II 3KCTiep11MeHTaJihHhIX pe3JJib'l'a'l'OB no Ka.2K,ll;Oll: nporpaMMe, t·pyn

ne JIJJ;ep H 3HeprHH. PaCC'lll'l'aHhl cpe,n:HeKBa.n;paTI!'!Hble 0TKJI0HeHnJI pac'!eTHhIX pe3yJihTaT0B 

OT 3rrCnepHMeHTa..'IhHhIX ITO 'leTb!peM 0CH0BHhlM Ha6opaM JIJ(pa-MH11IeH11isttepn!H (Ta6JI. 2 II 

p11c. 7, 8) II c;:i:e,'IaHh! BhlB0,!l;bl T0JlbK0 O Ka'!eCTBeHH0M C0OTBeTCTBIIII 60JlhlllllHCTBa M0;:i:e

JIIIpyeMb!X no nporpaMMaM Bh!X0;:J:0B .ll,Qep-upo,n;yKT0B 3KCnepHMeHTaJlhllbIM pe3JJibTaTaM. 8 

'!aCTHOCTll, II0Ka3aH0, '!TO B c.rryqae TJi2KeJihIX JIJ(ep (cBIIHCU, BllCMyT), o6ny'laeMh!X np0T0Ha

M.11 rrpll BblC0KllX :mep!'IIRX, H8IIJIY'IillaJI CX0,!l;IIM0CTh, npe.a.CTaBJieHHaR rrporpaMM0fi CEM95, 

Hax0,QlITCll '!)'Tb ;1yqme q>aKTOpa 2.0 e:~g0
%). ToJibKO B 0TJI.eJlhH0 B3RTh!X CJIY'la.l!X (upo

rpa!v!Ma CASCADE npu 208Pb-0.13f3B .u CEM95 np11 63Cu-0.13f3B) uporpaMMhl noKasaJin 

npe,QCKa3aTeJihIIYIO c1rny Ha yp0DHe Tpe6yeMOfi T0'!H0CTII )J)lJI rrpoeKTHh!X pa6oT ( 0TKJI0He

HHJI Mettee 30%). 
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Pnc. 3: CTaTHCTIIKa a.upoH-Jll(epHb!X B3aHMO.UCilCTBHll. l{ reHepa11Hll. HH3KO::meprnqHI,IX 

(En<20M3B) HeilTpOHOB B CBHHllOBO-BilCMYTOBOil MllilleHll pa3MepOM 020*60cM, B 3aBHCII

MOCTil OT 3Hepnrn 53am,10.ue:ll.CTBHR BHYTPII MilllleHH. Hcxo,u!laR 3Heprmr npOTOHOB - 1 r3B. 

PacqcT c no!v!Olllh!O rrporpaMMhI HETC c BCTpoeHHhIM MO.lIJJieM INUCL. °tJnCJio ncxo)],llb!X 

npOTOHOB - 10000. 
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M6apH) no nporpaMMaM CEM95 11 LAHET (oTKpbIThle cnnoJibl) DbIXO,n:OB ;i,1.1.eµ..npo.n:,yKTOB 

B ZD9Bi, 06J-:ryqeHHOro npOTOHal\rn C :3HCprnett 1.5f:,B. 
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Pnc. 5: C-raTHCTUKa OTHOIIJeHllfi paC'iCTHblX n 3KCnepnMCHTa..JibHb!X 3Ha'!eH11ll no DI,IXO,L\aM 

npO.IJ.YKTOB D 209Bi, 06JJy'iCJlllblM rrpOTOHaMn C 3Heprnefi 1.5 f3B 
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Ta6:rnua l: CT?.TIICTIIK!I cpa.n11em1ll ":IKC!!PpHW:'HTil. l!btthtx H parqe-rtthrx pe3y.JTT,wTon m,1xo

,a.on llJT.€p-upo;:(_VKT0B D 209Bi, o6JI}~reHHOM npOT0HaMII C 3Hepmell. 0.13 u 1.5 n,B; NT -

'il!CJIO 3KCnepill\teRTa.'IbHblX Bh!XO.UOB; Na - 'i11CJIO DLIX0.UOB, OTo6paRHLIX ,LJ,.,'IJ'I cpaBHeHu.a; 

Ns - 'il!CJIO BbTX0.J.0B, npoMo,n:e:mpoBaHHb!X nporpaMM0:lt; JVcl.31 Nc,.o - 'IUCJIO up0M0,n:eJIIl

poBaRHblX BbIX0,u.0ll, 0T-III1'iaIOm:nxcH OT 3KCrrep11MeHTaJibHbIX 3Ha'iCHllll: He 6oJiee 'ieM B 1.3 

ll B 2.0 pa3a, C00TDCTCTBeHHO; {H} - cpe,n:HeKBa,n:paTll'!Hh!l1 <paKTOp OTKJI0HeHHJ'I pac'ieTHbIX 

3Ha'leHnll: BLIX0,rJ.0B JI,n:ep-npo,eyKT0B OT 3KCnepttMeHTaJibHbIX; S( (H}) - .uncnepCilii <pa.KTOpa 

OTKJI0HCHHR. 

Ev= 0.13 f3B 

IlporpaMMa Nr=26, Na=24 

Nc .. 3 /Nc,_0 / Ns (H} S( (H}) 

CEM95 14/22/24 1.46 1.30 

INUCL 3/6/24 13. 7.99 

3/6/19' 3.22 1.95 

CASCADE 12/22/24 1.63 1.48 

HETC 8/19/24 2.38 2.05 

LAHET(ISABEL) 16/23/24 1.39 1.26 

LAIIET(Bertini) 16/22/24 1.41 1.27 

ALICE 13/21/24 1.76 1.59 

GNASH 2/6/9 2.35 1.78 

QMD 8/16/24 2.11 1.67 

YIELDX 13/21/24 1.52 1.34 

* c HCK,110qerrue~1 200Bi, 201 Oi, 202B i, 202Po, II 203Po 

Ev= 1.5 f:;iB 

Nr=99, Na=88 

Nc1_,/Nc2_0 /Ns 

25/48/65 

29/48/85 

27/48/66 

23/42/61 

23/63/87 

20/63/87 

18/41/83 

(H} S((H)) 

2.38 2.00 

3.46 2.72 

2.68 2.31 

2.92 2.39 

2.22 1.78 

2.36 1.83 

3.52 2.47 
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Ta6Jim..1a 2: 06ma.H CTaTl!CTl!Ka cpaauem,n 3KCnepimeHTaJli,HhlX I! pac'leTHhlX pe3YJibTaTOB 

110 BhlXOJJ:aM JI,D:ep-rrpOJJ:YKTOB. 06o3Ha'leHH.H NT, Ne, Ns, Nc .. 3 , Nc,_0 , (H}, S((H}) .uaHh! B 

OrJiaBJieHHI! Ta6JI. 1. 

63·65Cu, Ep=O.13f3B sgco,sJ,sscu, Ep=l.2, l.5f3B 

59Co, Ep=O.O7, 0.10, 0.13, O.2Of3B 

IlporpaMMa , Nr=92, Na=71 Nr=193, Ne=l6l 

Nc1_,/Nc2•0 /Ns (H) S((H)) Nc,.,/Nc2_0 /Ns (H) S( (H}) 

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 15/39/71 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 24/45/71 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 i.81 

QMD 11/24/32** 1.98 1.60 17/50/78* 2.45 1.81 

2os,201,2ospb, 209Bi, Ep=O.l3r3B j 206,201,2os,natpb, 209Bi, Ep=l.5fsB 

IIporpaMMa NT=90, Na=76 Nr=471, Na=4l8 

Ncu/Nc2 .0 /Ns (H) S((H)) Nc1.,/ Nc2.o/Ns (H) S( (H)) 

CEM95 37/59/76 2.16 1.94 154/257/327 1.92 1.66 

LAHET 42/70/76 1.47 1.28 103/312/417 2.02 1.60 

INUCL 23/48/71 2.14 1.68 123/247/414 3.02 2.26 

HETC 23/55/76 2.21 1.78 92/215/308 3.29 2.80 

CASCADE 34/68/76 1.61 1.40 123/246/330 2.20 1.85 

ALICE(Fermi) 39/69/76 1.62 1.44 

YIELDX 39/68/76 1.49 1.29 77/199/413 3.23 2.20 

QMD 13/40/76 2.32 1.58 88/284/415 2.33 1.80 

GNASH 2/6/9*** 2.35 1.78 

• s.n:ec1, NT = 110 H Na = 93; •• 3.nec1, Nr = 41 u Ne = 34 . 

••• 6btJIO npOMo.ue.1rnpoaa11O TOJibKO 9 11.uep-npOJJ:YKTOB 
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8. IlpoBe,u.etto cpaBnem1e pac•ieTHhIX pe3JJihTaTOB no 'len,1peM nporpaMMaM (LAHET, 

CEM95, INUCL, CASCADE) c 3Kcnepm,ieHTaJihHhIMII ,u.aHHhlMH no cKopoCTRM peaKunn Ha 

nosepxHOCTII TOJICTOfi \V-MnIIIeHil. IloJiy'IeHHbie 3Ha'leHll.ll OTKJIOHeHirtt pac'leTHblX pe3J.'lb

TaTOB OT 3KCIIepmrnl!TaJibHbIX CXO.L\HbI C OTKJIOll~HlIJIMH B cJiyqae TOHKHX J\fll'.illeHett ( cpaKTO

pbI 1.672.4). C.ueJiaHbl npe,u.Bap11'l'eJibHbie BbIB0.L\I,I 0 K0ppeKT!IOCTH pac'!eTHbL"I: cneKTpoB II 

ncnOJib3yeMblX ce'leHI1ll. 

9. IlpoBe,u.eHhl paC'leThl uapaMeTp0B MllillCHHh!X ycTpOl!:CTB, rrpe,t(JlaraeMbIX ,!I.JIJI npoeK

THjl0BaHirn 9;1.RY C UeJiblO HX 0IITHMII3aU,IIil. BhIJIH 11poa11aJIH3lljl0Ba!lbI D.Be :lKll,!I.K0CBIIHil,0-

Bbie, CBHII0U0BO-BIICMyT0BaR, BOJib<ppaMOBM II CBIIHil,0BO-TJ!lKeJI0B0D.HaR MHIIICHll. B X0D.C 

0ITTlIMII3aunfi II0JiyqeHo: 

- Han6oJiee 0IITllMaJibHbie C00TH0llleHH.ff ,!I.IlaMeTp0B nyqKQB n MIImeHH0ro MaTepnaJia 

B CJiy,crae CBIIHUOBO-(BIICMYTOBOfi) Mllmenn, IIjlllHilMaJI BO BHilMaHHe Bb!X0,!I. nel!:Tp0H0B ll 

IICD.0IIYCTllMOCTb JIOK3JlbHOf0 rreperpeBa MIIIIICIIII0f0 MaTep11aJia; 

- Hau6oJiee 0IITl!Mll.,"lbHOe KO.'III'leCTB0 .u.o6aBKII 6epIIJIJIIU! .u.m1 yBeJIJiqeHIIJI neltTjlOHH0ro 

Bh1xo,u.a 3a cqeT (n,xn)-pcaKI~IIlt; 

- IIOKa3ana Heilrpo11011pon3Bo,U.IlTeJib!I0CTh MIIIUeHII Ha OCH0Be CBHHU0BOTR:lKeJIOB0,!I.HOtt 

K0MII031IUIIII KaK cpyHKUIIR ee II0pllCT0CTII (pIIC. 9); 

- BbIJIBJICIII,I HaII6oJiee 0IITIIMaJThHbie COOTHOllleHHJI ,!I.IlaMeTp0B CKaHIIpyeMoro IlJ'JKa ,!I.JI.ff 

,ll;0CTIIlKeHIIJI MaKCllMaJihHb!X HCfiTpOHllhlX IIOT0K0B, llCil0Jlb3YR ra300XJI3:lK,D;aeMhle CBHHII.0-

Bb!C II BOJibcppaMOBble MllllleHn. 

10. HcCJie,!I.OBaHa rrpo6JieMa nepBOl!. CTeHKll (oKna) no 3Hepl'OBblJl.eJieHnlO. l1CCJie,!I.OBa

Ha 3aBliCIIM0CTh MaKCIIMaJibHblX Y.U.eJibHhIX TellJIOBbI,n;eJiennl!. OT liCil0Jlb30BaHIIJI pa:mll'lHblX 

Ma:repllaJI0B B Ka'leCTBC K0nycnoro 0KHa. 
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Ta6mui;a 3: TTporpaM~lbl, pe3JJlbTaTbl KOTOpb!X OTJ!ll'ia!OTCJI OT 3KCnepm,teHTaJibHh!X co 

Cpe,r\HHM OTKJIOHemreM l\!eHee, 2.0 ... 

MumeHn OHeprnH ITpOTOHOB (f3B) 

::,0.20 1.2, 1.5 

"MmIIeHHble" LAHET (1.47) 

MaTCpHa.,'lbl YIELDX (1.49) CEM95 (1.92) 
206,207,208 ,not p b, CASCADE (1.61) 

209Bi ALICE (1.62) 

"KoncTpyKUHOHHhle" YIELDX (1.59) 

MaTepHaJihI QMD {1.98) LAHET (1.90) 

sgco, 63,6scu. 
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