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CUCTEMbI KOMIIBIOTEPHOI'O MOJAEJINPOBAHNA
BBICOKOSHEPIETNYECKUX AJEPHBIX PEAKIINN
N IIOATOTOBKN AKTUBAIIMOHHBIX AJTEPHDBIX JAHHDBIX

A. A. Aunpuanos, FO. A. Koposun, 1. C. Kymnmos, A. A. Haranenko
(MucTuryr aromuoii suepreruxku HIAY MUDU, r. OGHUHCK )

Jlaerca onmcanme pa3pabOTaHHBIX ABTOPAMH MHTErPUPOBAHHBIX HPOIrPAMMHBIX CHCTEM
IViS SMPI u InIS HAND, npegna3HadeHHbIX 1Jid MOBBIMeHUS M HEKTUBHOCTH (HYHIAMEH-
TAJbHBIX U MPUKJAIHBIX HCCIEIOBAHUI B O0JACTH KOHCTAHTHOTO O0ECIEYEHUs PACUETOB
[NEPCIEeKTUBHBIX dePHO-YHEPreTUIECKUX yCTAaHOBOK. (OUUCHIBAETCH AJITOPUTM IIOJIYYEHUS
OILIEHEHHBIX AJePHO-(PU3NIECKUX JAHHBIX C UCIIOJIb30BAHUEM Pa3pabOTAHHOrO IMPOrPAMMHO-
ro obecredeHns, OCHOBAHHBIN HAa COBPEMEHHBIX METOJAX TEOPUHU IIPUHATHS PELIeHUNl Ipu
MHOTHX KPUTEPULX.

Karouesvie caosa: MO BBICOKOYHEPIETHIECKUX IIEPHBIX PEAKIINl, TPOTPAMMHBIE KOM-
IJIEKCHI, HHTEPAKTHBHBIE CPEbI, METOIBI MHOIOKPDUTEPHAJIBLHON TEOPUU IPUHATUS PEIIeHNI,

dakTOpHBIl aHAIN3, OleHEHHbIE SAePHO-DU3NIECKHE JAHHBIE.

BBeneunune

B mocnenmee mecarmierme BO3pOC HMHTEpEC K
AOEPHBIM DEAKOUAM IIPU BBICOKHUX IHEPTHUAX, YTO
00yCJIOBJIEHO KaK HAYYHBIMH I[IPOOJIEMaMM, TakK
1 MHOTOYHUCJIEHHBIMU IIPUJIOZKCHUAMMN: CO3daHue
BBICOKOYHEPTETUIECKUX HEATPOHHBIX HCTOYHUKOB,
MPOU3BOJCTBO MEJIUIUHCKUX PAJUOM30TONOB, pPa-
AnalmuoOHHad 3allUTa KOCMHUYECKUX allapaTOB #
yckopureneit [1, 2] u gp.

Pemenne ykazanHBIX 3a7ad TpeOyer 0OJIBIIOTO
KOJIM4YIeCTBa ACPHBIX JAHHBIX IJIAd HINPOKOT'O CIIEK-
Tpa HYKJHJIOB W SHEPTHUil, JOCTUTAIOIINX HECKOJb-
KX OECATKOB TUTadJIEKTPOHBOJIBT. HOJIy‘-II/ITI) BCE
MAHHbIE JKCIEPUMEHTAIHFHO HEBO3MOXKHO, IIOITO-
My HEOOXOJMMO Pa3BUTHE AHAJATHIECCKUX METOJOB,
TOYHOCTH KOTOPBIX JOJIZKHA IIPOBEPATHCA IIO U3ME-
PEHUAM, TPOBOIUMBIM B OIPEIETEHHBIX YCIOBUAX.

B macrosimee BpemMsa pacTeT KOJUYIECTBO MOIE-
Jeil u nmporpamm, OpeJHa3HAUYEHHBIX 114 MOJesIn-
POBaHUA ANEPHBIX PEAKITUN B PA3MUIHBIX JIUATIA30-
HaX 9HEPTUU W MaCCOBBIX YHUCEJI, a TaKXKe KPHure-
pueB 1 aJITOPHETMOB IPOBEPKHU aleKBATHOCTU MOJIe-
Jeil a7IepHBIX PEeakKIuil JaHHBIM HATYPHOTO SKCIIE-
pumenTa. OHAKO ClIelyeT OTMETUTh, 4TO JIO CHUX
Op HET OBIMENPUHATHIX TEOPETHIECKUX MPEICTAB-
JIEHWi U MOJIesiell, KOTOpBIE OBl Y0BIETBOPUTEIHHO

OOBACHAIN BECh CIEKTP PACCMATPUBAEMBIX SIep-
HBIX peakmnuii.

CoBpeMeHHbIE MOZEIN U
NporpaMMHBIE CPEACTBA pacyYeTa
BBICOKO9HEPIreTUYECKUX SANEPHBIX PEeaKIuii

B Hacrosiiee BpeMs Takue OpraHW3alldd, Kak
MATATDS, HanuonajbHbI MHCTUTYT sSjepHOU (u-
sukn u rexuuku (Ppanmua), Jloc-Amamocckasa Ha-
nuonanbHaga saboparopusa (CLIA), fAnepusrit mc-
crepoBarennsckuii mearp "Haxans Copex" (Mspa-
WJIb), U PAJ] IPYTHX OPTaHU3AIMil U UCCIIE[OBATEb-
cKkux J1abopaTopuil HPOABILIOT AKTUBHBIA HWHTEPEC
K IIPOTPAMMHBLIM KOZAM pPaCdeTa BBIXOIIOB IPOIYK-
TOB m1yboKOro pacuiemnenus (Tabm. 1). Dtum mpo-
rpaMMbl OCHOBaHBI b0 Ha MeTome MonTte-Kapiro,
aub0 Ha TOAXOJE KBAHTOBO-MOJIEKYJIAPHONW IuHA-
MUKH.

B 2008 1. srcmeprel mo u3uke BBICOKHX dHEP-
ruit B pamkax mpoekta MATATD mo Bepuduka-
Uy Mojiesiell peaknuii riry6okoro pacuiensenus [1]
IIPUILIA K BBIBOJY, YTO CYIIECTBYIOIINE MOJIEJIN Pe-
aKmuii Heob6xoauMO Bepu(UIUPOBATH HA COBPEMEH-
HBIX 3KCHEPUMEHTAJIBHBIX JaHHBIX IJId OIIpeaeJsie-
HUYA TOTHOCTHU U HAJAEZKHOCTU IMOJIy9a€MBbIX C UX IIO-
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Tabaruya 1
XapakTepucTUKA HamboJiee PacIpoOCTPAHEHHBIX COBPEMEHHBIX TPAHCIIOPTHBIX KOJOB
MCNPX-2.6, PHITS-2.09, FLUKA-2006.3, GEANT4-4.9.1, MARS-15
XapakTepucTuKa LANL RIST, GSI =~ CERN, INFN CERN, INFN;, FNAL
KEK, SLAC
SI3bik mporpammupoBanus  Fortran 90/C Fortran 77 Fortran 77 C++ Fortran 90/C
BoamoxHOCTD
mapaJjIebHBIX BeIYuCIeHnl  Bo3MokHO BosmoxuO BosmozxaO BosmoxuO BosmozxaO
Mopgenu Beicokosuepreru- ABLA, Bertini, GEM, JAM, PEANUT, ABLA, Bertini, CEM,
geckux ganepubix peaknuit [SABEL, CEM, JQMD >3GeV  DPMJET, INCL, GEM LAQGSM,
LAQGSM, GLAUBER, DPMJET
FLUKAS9 neutrinos
Beb6-caiiTsr ¢ onucanmem mcnpx.lanl.org rcww.kek.jp/ fluka.org geant4.web. www-ap.final.gov/
research /shield/ cern.ch/geant4 MARS/
phits.html

MOIIBIO JTAHHBIX B PA3JINIHBIX MACCOBBIX U dHEpre-
TUYECKUX JUAMA30HAX.

KowmmnbioTepHOe MOmenupoBaHue ABIAETCS €IMH-
CTBEHHBIM CIIOCOOOM, ITOCPEACTBOM KOTOPOI'O MOK-
HO TOHATH MEXaHW3M B3aMMOJEHCTBUA HYKJIOHOB B
00JIacTH BBICOKWX YHEPTHUil, 9eMy BCEIeJIO CI0COD-
CTBYeT IOBBIIIEHNE TPOU3BOAUTETHHOCTU BbITUCIU-
TeqbHON TexHuKU. [lonyuuBIinme B mociiegHee Bpe-
M4 IIHPOKOE PACIPOCTPAHEHUE NAPGAAEALHDIE BBI-
YHUCJIEHUA JTAI0T OOJIBIIIE IIPENMYIIIECTBA, TO3BOJISISI
MOZEINPOBATH OIPOMHOE YHCJIO COOBITHII 38 KOPOT-
KU IepuoJ, BpeMeHN.

[Ipu BO3MOXKHOCTH HPOTEKAHWA PEAKIUU TIyDO-
KOT'O PACHIEIIEHAA [0 PA3JUIHBIM KaHAJaM gud-
depeHIImaIbHOE CEYEHNE IIPU BBICOKAX IHEPTUAX
pacCYUTBHIBAETCA KaK (DPYHKIUS SHEPIUM W HAIPAB-
JIGHU BTOPWYHOW YACTHUIBI THUIA J, 0Opal3yromeii-
cs, KOTIa aJpoH Tuma h; ¢ aHeprueit F; B3amMomei-
CTBYeT C fPOM-MHIIEHBIO Agrg:

do

m = (Eja Q, hiaEia Atarg) .

Bcio meobxommmyio waHMOpPMANUIO IjId AIeKBAT-
HOTO 3KCIIEDUMEHTAJILHBIM JAHHBIM MOCTPOEHHUS
MOJIENIA PEAKIUH HEBO3MOXKHO IIOJYUIUTh U3 IKCIIE-
pumenTta. B wacTHOCTH, IJId OIEHKH MOTEHIIHAJIA
MHUIIEHA KaK HCTOYHMKA HEATPOHOB PEaKIMH CKa-
JIBIBAHUS IIOHAN00ATCAI SHEPIUHU U YIVIOBBIE PACIIpe-
JIeJIEHUs MSATU TUIOB 9aCTul (p, n, =, my), UCILyC-
KaeMBIX 3TOM MHIIEHBIO, 0OPa30BAHHBIX YETHIPbMSI
HAJIETAIONMMHA 9aCTUIAMu (P, N, T+) IpH SHEPrUAX
ot 20 MaB no 319B; mgus mpenckazanus pacrpee-
JIEHIS MACChl U 3P BBLIETAIONINX AIep IPH Pa3-
JIMYHBIX 3HAQYECHUAX IHEPIUU HAJICTAIOUINX YTaCTHUIL

TOHAIO0UTCS JIOMOJHUTEILHO CEYEHUE KYMYJISTUB-
Horo Beixona gerkux anep (D, T, *He u . 1.).

B macrogiee BpeMa CyIiecTBYIOT OObEKTHUBHEIE
TPYAHOCTH JETAJbHOIO ONWCAHUS JTaHHON objacTu
SHEpruil U, KaK CJIeICTBUE, IOTYIU HITPOKOE pac-
MPOCTPAHEHUE TOJX0J, OCHOBAHHBIN HA IIPeJIBapu-
TeJIbHON pa3paboTKe Mozeseil ¢ HAIuIueM COBO-
KYIHOCTH CBOOOTHBIX [apaMeTpoB, KOTOpPBIE BIIO-
CJIEJICTBUU TOAOUPAIOTCS JIJId KOHKPETHOW PeakIuu
Ha OCHOBE KOJIMYECTBEHHOT'O COMOCTABJIEHUS C JKC-
mepumMenToM. Mogenn, mpouresiire BaJIUIAINIO,
BKJIFOYAIOTCH B KOMILJIEKCHI IIPOrPAMM PaCcydeTra Iie-
peHoca u3aydeHnii, IO3BOJAIONNE, B KOHETHOM CUe-
Te, PaCCUUTATh MOCAEICTBUS B3aUMOIEHCTBUS 00-
Pa30BaHHBIX YACTHUI] C BEIIIECTBOM.

YcoBepIeHCTBOBaHHbIE TPAHCIIOPTHBIE KOMBI JJId
U3y9YeHWs B3aUMOIEHCTBUSI W3JIyU4EHUs C Bellle-
CTBOM W BCE T'€HEPATOPHI B3aMMOEHCTBUS YACTHI]
C gApaMu C YKa3aHWeM MX OCODeHHOCTell mpuBejie-
HBI B Tabi. 1 u 2 coorBercTBeHHO [2—5].

[ITupokoe pacupocTpaHeHWe MTONYUUIA MOIETHh
BHYTPHUAZEPHOrO KAaCKaja, OCHOBAHHAA HA METO-
ne Monrte-Kapiio, coeguHeHHas C HCIAPUATEIBHON
MOZEIbIO CHATHS BO3OYKIEHHS. IDTa MOMIENb HC-
MOJIB3YeTCs JIJIsi PacueTa BBIXOJOB W XapaKTepu-
CTUK BCEX YaCTHI], 00OPa3yIOIUXCA B PEAKIIUAX TIIY-
6okoro paciertenusd. VHOTIA MEXIY AByMd CTa-
JIASIMU BKJIFOUAIOT IIPEIPABHOBECHY O CTAIUIO IMUC-
CUU JaCTHII.

Onucanng mpONECCOB HYKJIOH-HYKJIOHHBIX B3a-
UMOJEeNCTBUM, MOJe/Nu dJpa MUIIEHW U TPAEKTO-
puii HyKJIOHOB MPAKTHIECKU OIMHAKOBBIE BO BCEX
nporpaMMax. — JHAUYUTEJIbHBIE PACXOXKIEHUS O00-
HapyXKUBAIOTCAd B KPUTEPUAX BBIXOHA W3 CTAIUU
BHYTPHUAIEPHOrO KACKaIa, B MOJEJbHBIX OMUCAHU-
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Tabruya 2
T'eHepaToOpbl COOBITHUI B3aMMOAEHCTBUS YACTHUIL C SAPAMU
Bayrpuanepubrii kackam KBanToBo-MomekynapHas Ucnapenue/ nesnenne Buyrpuanepusrit
(<3IB) IUHAMAKA, KackaJ,/ucuapenue
Bertini, CEM, INCL, JQMD, QMD-SDM, ABLA, ALICE/ASH, EVAP- BRIC, DISCA,
ISABEL BUU, SMM versions, GEM, GEMINI, MICRES

JULIAN, PACE, ORNL-fission,
RAL-fission

dX TPeIpPABHOBECHON CTAJWM, MPOIECCa HCIYCKa-
HUsI KJIACTEPOB W 0Opa30BaHUS MMHOHOB.

B macrogiee BpeMsa aKTHBHO BeAyTCA PAOOTHI IO
CTaHIAPTU3AIINN KOJOB W BXOAAIINX B HUX Iapa-
MeTpoB. OOCYX)IAOTCA JIBE BO3MOMXKHOCTH PEIile-
Hug 3Toil mpobmemsl. llepBoe perierme cocTouT
B mOI0Ope IapaMeTpoB U IPOTPAMMHBIX MOIyJIeit
[T ToJiydeHus TpebyeMbIX JaHHBIX. Bropoe Ha-
IpaBJieHne 0a3upyeTcd HAa YHU(PUKAIUE U COTJIACO-
BaHnH (pyHIAMEHTAJIbHBIX mapaMerpoB. [Ipu sTom
CYIIECTBYET BEPOATHOCTH TOTO, UTO PACIEThI, BbI-
IOJTHEHHBIE ¢ TaKuM HAOOPOM HAapaMeTpoB, B KO-
HEYHOM CYeTe, MOI'YT XYK€ COIVIACOBBIBATHCH C YKC-
IEPUMEHTOM.

DHepreTuIecKuil AUana3oH, B KOTOPOM IpUMe-
HUM JIaHHBIH HAOOp MOmesei, JOCTATOYHO IIHU-
POK: OT HECKOJBKUX JECATKOB MEradJeKTPOHBOJIBT
A0 HECKOJIbBKUX TUT'aldJIEKTPOHBOJIBT. B HEKOTO-
PBIX IpOrpaMMax, HApUMep B KaCKaHOW MOJEeTn
INCLA4, coenuueHHOW C UCHAPUTENIHHOU MOMIEIBIO
ABLA [6], npegpaBHOBeCHAsE CTaausi OTCYTCTBYET.
Pacgersr mo mporpammam INCL4/ABLA, CEMO03
u LAQGSM [7] paror xopoliee coriacue € KCIIe-
PUMEHTAJBbHBIMA JaHHBIMU B IIXPOKOM OJUAIIA30HE
SHEPTUil HAJETAIOMNX YACTHUI[ U MACCOBBIX YHCET
spep-muineneii. OnHAKO HU OfHA U3 CYIIECTBYIO-
X MOJIesiell He CIOCOOHA BOCIPOM3BECTH IKCIIEPH-
MEHTaJIbHBIE JaHHBIE BO BCEH SHEPreTHIECKOH 0ba-
CTH M JJId BCEX Hﬂep-MHHIeHefI.

Cpenu Bcero mHabopa KacKaIHBIX Mojeseil ocoboe
MECTO 3aHMMAaeT MOJIeNb, pa3dpaborannad B [lybme
B koHne 60-x romoe npomoro Beka [8]. Pas-
BUTHE BHYTPUAJEPHOTO KACKaJa B TAHHOM CJY-
Jae MOJEMPYyeTcs BO BpeMeHu. B rTedeHnme mo-
CIeTHUX [BAJIATH JIeT T4 MOIEIb PAa3BUBAJIACH
B OOHMHCKOM HWHCTUTYTE aTOMHOW dHEPreTWKH, U
HA €e OCHOBe OBLI CO3JaH KOMIIJIEKC IPOrpaMM
CASCADE/INPE [9] (BuocreacTsun mosyduBmimii
maspaane CASCADE/ASF) nna pacuera nepenoca
qaCTHII.

B mocnemmee Bpems 3Ta Momenab ObuLia 00b-
€JIMHEHA, CO CTATUCTUYIECKON MOJIENbIO, OIMUCHIBAO-

el paBHOBECHYIO 3MuCCHIO dacTuil. HoBasg mpo-
rpamma, nojyuusiias Hassanume CASCADeX 1.2
(CASCADE eXtended), mpennasnadeHa gid Mo-
JeJIMPOBaHUS B3aUMOJEHCTBUH C BeleCTBOM HaJle-
TAIOIUX YACTHI[ U sSIIeP C MACCOBBIM YHCIOM JI0
240 a.e. Maccossle gncia spep-mumteneii (A) sa-
pbuUpyOTCA B auanazone or 2 gm0 240 a.e. Duepruu
HAJIETAIONUX YaCTHUI COCTABIAIOT 10 2 ['9B /HyKI0H
g anep-muiiieHe#t ¢ macco#t menbire 40a.e. u 1o
1B /uykaon musa anep raxernee 40 a.e.

N36exkaTh HECOBEPIIEHCTBA KayKIOr0 PaCIETHO-
ro KOIa MOXKHO IyTeM KOMOWMHUPOBAHUS OTHEIb-
HBIX MOJleJieli B OJJTHOM IPOrPaMMHOM KOMILJIEKCE U
JIOTIOJTHUB €T0 aJrOPUTMaMU IPOBEPKHU aTeKBATHO-
CTH MoJeJiell g/IepHBbIX peaKIuii Ha OCHOBE JAaHHBIX
HATyPHOTO YKCIIEPUMEHTA. DTa CXEMa MOCJIEI0Ba-
TeJTbHO PA3BUBAETCI W MCIONIL3YeTCAd B JTAHHOU pa-
6ore.

CucremMsbl IMOATOTOBKU
BBICOKODHEPTreTUYECKUX SANEPHBIX JaHHBIX

Jlna mosbienns 3p@GEKTUBHOCTH HAYYHBIX HC-
clIeJOBaHUI B 00JaCTH KOHCTAHTHOIO ODECIeYeHns
pacyYeTroB MEPCIEKTUBHBIX SIEPHO-9HEPreTUIECKUX
YCTAHOBOK pPa3pabaThIBAIOTCA ABA THIA IIPOrPaM-
MHBIX CHCTEM Ha Ha3e COBPEMEHHBIX MOJENeH saep-
HBIX PeakIuili Ipu BBICOKUX dHEprusax. Ux meap —
obeceunTh BO3MOXKHOCTB IMOJIydeHus OoJiee TOU-
HBIX W TOJIHBIX MOZIEJIeH B JaHHON MpeaMeTHOH 00-
JIACTH HA OCHOBE KOJIMYECTBEHHOTO COIOCTABJICHUS
C 9KCIIEPUMEHTOM U CHUXKEHHHA TPYIOEMKOCTH Ha-
y4HBIX uccieposanuii [10, 11].

Ilepag xkareropus pa3pabaTbIBAEMBIX IIPO-
FPAaMMHBIX CHCTEM — 9TO TaK HA3bLIBA€MbI€ HMHTEP-
akTuBHbIe rpaduaeckue cucremsr [ViS (Interactive
Visual Systems). Ux memecoobpa3HOCTb IPOAUK-
TOBaHA TEM, YTO MOJEIU BBICOKOIHEPIETUIECKUX
SIIEPHBIX PEAKIWil SBJIAFOTCA MHOTOMAPAMETPHU-
YeCKMMH, B CBA3M C 9YEeM BO3HUKAET 3aJa9a II0
BBIOOPY HAMJIYYIIUX CBOOOIHBIX HAPAMETPOB MOIIE-
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aa. DTy 3a[ady W PEIIaloT JaHHbIE CHCTEMBI, B
KOTOPBIX PEAJIU30BaHbI COBPEMEHHBIE METOJAbI MHO-
TOKPUTEPHUAJBHON Teopuu UpuHATUd perreHuii. B
HACTOAIINIA MOMEHT pa3paboTaHa HHTEPAKTUBHAL
rpacdudeckag cucrema Ajid uAeHTU(DUKANAA A~
paMeTpoB Momesiell peaknuii TIIyOOKOrO pacIIer-
nerns IViS SMPI (Interactive Visual Systems —
Spallation Models Parameters Identificator).

Bropas kareropus pa3pabOTOK — CIPaBOYHO-
HH(bOpMauHOHHbIe NHTEPAKTUBHbIE KOMIIJIEKCHI
InIS (Information Interactive System) — cps3a-

Ha ¢ HEOOXOAMMOCTBIO HWHTETPAIMN CYIIECTBYIOIX
MOJIeJIell IIEPHBIX PEAKIIN C IEJIBIO CO3JaHUsT KOM-
IJIEKCHON Cpesibl M0 KPOCC-Bepu(pUKAINNT W BAJIU-
JMAIAN Pa3IUuIHBIX Momemneil u (hOPMUPOBAHUIO IO
pe3ysbraTaM 3TOH PabOTHI OIEHEHHBIX OUOIMOTEK
anepro-busndeckux ganabx (AD/L). K macrosime-
My BpeMmenu co3man kommiaekc InIS HAND (High
Energy Activation Nuclear Data), obecneuunsaro-
W ABTOMATHU3AIUIO MOATOTOBKN aKTHBAIHOHHBIX
AD]I B BBICOKOYHEPrETHIECKON 00IaCTH.

Pazpaborarabie mporpaMMHBIE CHCTEMBI B3aHMO-
nononuuTenbHsl (puc. 1). Tak, onrumasnbHbIe 3HA-
qeHnd IIapaMeTPOB PA3JIWYHBIX MoOjesaeil BBICOKO-
SHEPTeTUIECKUX SAJEPHBIX pPEeaKIuil, HaliJleHHbIE B
pesyabrare paborer cucrembl 1ViS SMPI wmoryr
ObiTh Tiepenanbl B cucremy InlS HAND s xpocc-
BepudUKAIUY PA3TUIHBIX MOJIETelH ¢ BEIOpAHHBIMA
mapaMeTpaMu.

OcranoBuMcs mOAPOOHEE HA METOAUKE PACIET-
HBIX UCCJIEIOBAHUIT C UCIOIb30BAHUEM pa3paboTaH-
HOT'O WHCTPYMEHTapH4.

IViS - CASCADEX |

Cucrema IViS SMPI Bkitodaer B ceba pacder-
HBIH KO# (pu3udeckoit momesin, (POPMbI BXOIHBIX U
BBIXOJHBIX JAHHBIX, MOJJIEKAIIUE 3AM0JTHEHUIO, OII-
TUMU3AIMUOHHBIA MOIYJIb U MOAYIb 00paboTKU pe-
3yJIbTATOB pPacdyeToB. Takike MMeercs JAOCTYI K T'O-
ToBBIM Oubmorekam ADJl, K 3KCIIepUMEHTATILHBIM
MTAHHBIM U PE3YIbTATaM PACIEeTOB IO IPYTUM MOjie-
sngaM, xpaugimmvcda B XML-dopwmare.

OcuoBrag ¢pyuknuga cucremsr [ViS SMPI — sto
BBIOOD MapaMeTpPOB MOJIEH, 00ECTIETNBAIOIINX HAM-
Jaydiee cormacue ¢ dxcnepumentom (puc. 2). Ilep-
BBIM IIIATOM BJIFE€TCd BBIOOD THIA pacdera B CO-
OTBETCTBUM C WMEMOIIUMUCS IKCIEPUMEHTAJIbHBI-
MU JAaHHBIMHU: MACCOBBIE paclpejeennd, (HyHK-
nmuu BO30YKIeHnd, ABAXKIbI AuddepeHnuaIbHbIe
cegenusd. llocie sTOoro HEOOXOIWMO yKa3aTh awa-
Ta30H BapbUPYEMBIX HapaMeTpPOB, HAOOpP KpUTEpPH-
€B W mapaMeTphl ciaydaiinoro moucka. Jljag mpose-
JIeHUsl TPOIEIyPhI OIIEHKU HEOOXOIUMO yKa3aTh pe-
pepenmuovie TaHHBIE, HA OCHOBAHUN KOTOPBIX OyIyT
BBIYUCIATHCA Pakmopol coznacus. PedepeHTHBIMEU
JaHHBIME MOTYT OBITH PE3YJIbTAThl PAHEE CIeJIaH-
HBIX PaCYeTOB, JKCIEPUMEHTAJIbHbIE IAHHBIE UJIU
naHHBIe, B3aThie n3 Oubaunoreku AP/, Ecanm uncio
KpuTepueB b60Jee ABYX, TO MOCJIE pacdeTa IPOUCXO-
IUT aBTOMATHYEeCKHii 0TOOp 3P HEeKTUBHBIX HADO-
pos mapamerpoB mojesu. OKoOHYATEIbHBINH BBHIOOD
ONTUMATIHLHOTO HAOOpa MapaMeTpPOB OCYIIECTBIAET-
Cd C WCIOJIb30BAHUEM METOJOB TEOPUU IIPUHATHUS
pellleHnii Tpyu MHOTUX KPUTEPUSX.

B mamHBI MOMEHT JJ19 OKOHYATETHHOTO BHIOODA
HawIy4dnero Habopa mapaMeTpoB MOJIENH U3 COBO-

IViS - DISCA

IViS - ISABEL/EVA

CHHK - cripaBo4HO-
UH}popMaAIHOHHBII
KOMILIEKC 110 TIOJAr0TOBKe,
BepHQHKAINMH U BATHIAINH
SAD®/J B BEICOKOIHEpTE-
THYecKOii 001acTH

OHeHeHHbIe AKTHUBAIIHOHHLIE
AD]

T

IViS - ...

Pedepenthnlie 1aHHbIE:
| JIKCIepHMEHTA/ILHbIE JaHHbIe
EXFOR, onoanorexn AD/1,
coXpaHeHHbIe pacaeThl
(XML-xpaHu.1HIIIe)

|

Puc. 1. Cpasp cucrem IViS SMPI u InIS HAND
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KYHOHOCTH HEJIOMUHUPYEMBIX PEAJN30BAH MeTOJ
aHaJIM3a Hepapxuil B aJJUTHBHOA W MYJIbTUIJIH-
karuBHOU opmax. g mcmosap30BaHUA JAHHOTO
MeTOZ[a MOJIb30BATENI0 HEOOXOAMMO MPOBECTH IIO0-
MapHOE CpaBHEHWE KpUTepueB oTOOpa. KoHEeUHBIM
Pe3yAbTATOM BBIIOJHEHUS OPOTPAMMBI SABIAIOTCH
HamnboJiee MOAXOAAIINE OTHOCUTEIBHO BBIOPAHHBIX
pedepeHTHBIX TAHHBIX U IIPEAIOYTEeHnuN MOJIb30Ba-
TeJid mapaMeTpbl Mofenu. B HacTodmumii MOMEHT
aBTOPBI PACIIUPAIOT (PYHKIMOHAJIBHBIE BO3MOYKHO-
CTH TPOrPAMMHBIX CHCTEM 3a CYeT BKJIOYEHUT B
HOAX HUHBIX METOJOB IUCKPETHOTO AHAJM3a pellle-
muit (MAVT, TOPSIS, PROMETHEE, MAUT).
Jlmg mombopa mapamMeTrpoB MOAEIN OBLT IPeIIo-
JKeH W Peajiu30BaH MeTO][ IJI00AJIbHOI omTmMu3a-
[IW¥, OCHOBAHHBIA HA WCIOJb30BAHUHA TAK HA3bI-
BaeMbIX PABHOMEDHO pACIPEIETEeHHBIX TOCJIE0BA-
TEJIBHOCTEH TOYeK.

Cucrema InIS HAND nossoaser noJsb3oBaTeio,
HE WMEIOIIEeMY CIeNuaabHON KBaJumduKaIuu, ToI-
roroBuTh akTuBanuonnsie P/, crarucTuaeckn ux
OIEHUTH HA MMEIOIINXCHA DKCIEPUMEHTaX, Bepudu-

Bbi6op THna pacuera

B

Bbi0op napamerpos
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I'enepauns napameTpoB Moae/u
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Ta0IML, KPUTEPHEB

v

OT160p nmapero-3¢ppeKTHBHBIX
pemeHni

B

Br100p Ha 6a3e MeTOI0B TEOPHH
NPUHATHS peleHui

¥

®opmupoBaHue (panI0B
oueHeHHbIX AD/{

Puc. 2. Cxema dyukimonuposauus cucremsr [ViS SMPI

IAPOBATh MOJENN U rpadUIecKu HpeACTaBUTh pe-
gyabraTbl. (Cxema (QyHKIIMOHUPOBAHWUSA CUCTEMBI
IpeJiCTaBJIEHA HA PUC. 3.

AsropuT™m BBIOOpa HamIydIIel MOIENH B CHUCTE-
me InIS HAND cxogen ¢ aaropurMoMm BbIOOpa, HaM-
gyqmmx mapaMmerposB B [ViS-cucreme. ['maBroe ot-
Jii9ue COCTOUT B TOM, UTO CPABHUBAIOTCA pacde-
ThI IO PA3JIUYIHBIM MOZEIIdM, B KOTOPBIX, B 9aCT-
HOCTH, MOTYT OBITH 3aJaHBI ONTHUMAJbHBIE Iapa-
MEeTPBI [0 KayKJO#W MOJEeNn, ONpEIeIeHHbIE B Pe-
3yabrare pyHkuonnposanus cucrem [ViS. B InlS
HAND orcyrcrByer GJIOK, mpeaHa3HAYEHHBIA I
MIOWCKa ONTUMAJIBHBIX TAaPaMETPOB MOJeNIe, Ojl-
HAKO B CHCTEME pPeajn30BaH OOJIBIIONH HAOOp cep-
BHUCHBIX (DYHKITHI, 0OECIeInBAIONIUN TOJIb30BaTE-
JII0 KOM(OPTHYIO PAbOTy C PA3IHIHBIMA MOIEIAMEI
(Busyasmsanus, 3anuck B dpopmare ENDF, obpa-
6oTUnK OUOIUOTEK OIEHEHHBIX U YKCIEPUMEHTATb-
HBIX A/IEPHBIX JAHHBIX, CUUBKQ PACIETOB U JP.).

JlarHasg mporpaMMHag CHCTEMA COCTOUT U3 JABYX
CTPYKTYPHBIX 3JIEMEHTOB: HIPOEKTBbl W pPeIIeHUudA
(puc. 4). TIpoekTs npeacrasiagioT coboii 6a30BbIil
9JIEMEHT CHCTEMBI, COAepPKAIUuil HeOOXOMUMYIO I
aHaJIM3a PpACUYETHYI0 U IKCIEPUMEHTAJbHYIO WH-

Br10op THNA pacuyera
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Bo160op Moaesin, 6MOIHOTEKH
AP u pakTopos coraacus
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v

OT160p mapero-3¢eKTHBHBIX
pemeHnu

v

Br100p Ha 6a3e MeTOa0B TEOPHH
NMPHHATHS peleHuH

v

®opmuposanue panios
oueHeHHbIX D/

Puc. 3

. Cxema (YHKIMOHUPOBAHUS
InIS HAND

CHCTEMBI
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DISCA |

EXFOR |

IIpoexTnl

CASCADeX |

A 4

Bu6mnorexkn oneHeHHBIX
BBICOKOIHEPTe THIeCKHX
AKTHBAIHOHHBIX

JAHHBIX

Pemenns .sln
(solutions)

Puc. 4. Crpykrypa marusix InlS HAND

dopmarnmio. Kaxmoe pemrerne o0beguHSAET
HECKOJIBKO TIPOEKTOB U MPEJOCTABIAET BECH CIIEKTP
CEePBUCHBIX (PYHKIUN, HEOOXOMMMBIX JJId PAOOTHI ITO
dOopMUPOBAHUIO OIEHEHHBIX (PAIOB aKTUBAIMOH-
HBIX S/IE€PHBIX JAHHBIX.

Opxra u3 npobieM B JaHHOW 00JIaCTH CBSI3aHA C
OTCYyTCTBUEM ISKCHEPDUMEHTAJbHBIX IJAHHBIX KaK B
OTIPEJIEIEHHOM SHEPreTHIECKOM IUAMA30He, TaK U
JIMama30He MacCOBBIX unces. Jljisa koMmencamuu or-
MEYEHHOTO HEJIOCTATKA OBLI MPEJIOKeH aJrOPUTM
BeIOOpa MoOmenu B OOJIACTH, B KOTOPOW OTCYTCTBY-
erT HeoOXOmMMAad YKCIEPUMEHTAJIbHAA HHMDOPMAIII
(puc. 5).

B OIIMCAaHHBIX IIPOTPAMMHBIX CUCTEMaX JAJId OLI€H-
KU COTJIACOBAHUS PACUYETOB C pedPepPEHTHBIMU J[aH-
HBIMU HCIOJB3YIOTCA KaK (PAKTOPBI COTTIACHUA, TITH-
POKO HCIOJIb3yEMbIE B HACTOMAINEE BPEMsl B JaH-
HOI mpeaMeTHOW obyacTu, TakK W pald (PaKTOPOB,
MPEJIOKEHHBIX aBTOPAMHU, OTPAKAIONINX UX MPET-
CTaBJIEHUS O BO3MOXKHBIX CIOCOOaX OIEHKW pacue-

B Tabu. 3. EamHOBpeMeHHOE paccCMOTpeHHE CTOJh
mIPOKOro Habopa (haKTOPOB COMVIACHYA MPOILUKTO-
BAaHO TeM, YTO B HACTOANIUI MOMEHT B JIaHHOU
MIpeIMETHON 00JIACTH OTCYTCTBYET ODIIEIPUHATASI
U COTJIACOBAHHAS METOJOJIOrMS CPABHEHUS C IKCIIE-
PUMEHTOM.

Jnsa cozpanusa cucrem InIS HAND u IViS SMPI
611 BeIOpanber Microsoft. NET B kagecTBe OCHOB-
HON mIaTdOpPMbl W OCHOBHOW H3BIK Pa3paboTKu
npunoxennii nua vHee C# [12]. Bribop Texnoso-
ruu .NET obycioBien Kak BO3MOXKHOCTBIO 3¢ dek-
TUBHO pa3pabareiBaTh mpuiroxkennd mog Windows,
web-npunokeHns u web-cepBHUCHI, TaK U T€M, ITO B
.NET BcTpoena nmogaepxkka "szaumomeiicTBus a3bI-
koB". CosmanHble panee ODUOJIUOTEKY IS TUCJIEH-
HBIX pacYeTOB WJU KO, HANUCAHHBIA HA JAPYroM
A3BIKEe IPOrPAMMUPOBAHNA, MOKHO HHTETPUPOBATH
HEIIOCPEICTBEHHO B mpuioxkennd Ha C#. DTo mo3-
BOJIIET OJJHOBPEMEHHO MUCATH KOZbI HA HECKOTHKUX
A3bIKAX, & 3aT€M MHTETPUPOBATH UX UJIN UCIOJIB30-
BaTh COBMECTHO, UYTO B OCODEHHOCTHU IIOJE€3HO HpHU
pa3paboTke pacCMaTPUBAEMBIX MPOTPAMMHBIX CH-
CTeM.

HeKOTOpre HpI/IJIO}KeHI/ISI
pa3paboTaHHOr'o IPOrpaMMHOI0
obecreueHunda

Pazpaborarnoe mporpamMmMHuOoe obecriederHre OBIIO
HCIOJIB30BAHO I MPOBEIEHUHA PACIETOB B PaM-
Kax mpoekTa, opraruzosanraoro MAT'ATD, o cpas-
HUTEIbHOMY aHAJIM3y MOeseil peakmuii riryboKoro
pacmemernd ("Benchmark of Spallation Models"),
a Takyke OOHOBJIEHWIO OMOIMOTEK aKTHBAIIMOHHBIX

ToB. Bes coBokymHOCTH (haKTOPOB HpeiCTaBieHA  JaHHBIX [1].
O MﬁapH Mogens 1. Moxyas pemeHuit
s , .sln
A v
% T4
s s X o <
'\ g e | I - e oo
|| . LISV B -.
® A
|: . 3Kcne]flp$enrm— - B oGmactsix I n 111 B o6nactax I u III pasHeie
. OTMHAKOBAN MO/Ie.Th MOIeTH
. HBIX JAHHBIX . T
L]
. l Ot16op IlapeTo-2¢eKTHBHEIX
\__/ Mogesn B odaactu I = penreHHu
Mogeas 2 = mojens B odaactax I, ITT v
Bei0op Ha 0aze MeTOI0B
* E TeOPUH MPUHATHA PeleHHIT
06acts 1 OGaacts II | O6aacrs 1T '[ » MbB 7

Puc. 5. Or60p moneneit 8 InIS HAND

Moaess B 00J1aCTH L

— 53 —



A. A. Arnpunanos, FO. A. Koposun, U. C. Kynmnos, A. A. Haramerko

Tabruya 3
DPaKTOPBI COrIacud
®dakTop Dopmyia [Ipumeuanue
N Lo 2
erp calc
N Z (lg(ai ) —1lg (Uz' )) .
> i=1 Ouenka HHTErpAJIBHO OJU30CTH K IKC-
=~
F (F) =1 N = 10 N MEPUMEHTY TPHU YCJIOBUHU, UTO JAHHBIE
MOLYT CHJIBHO PAa3JIA9aThCsd
1 N O.?IP calc 2
H H =4/ — Z [ L — Z} ] [Tokazarenp cremeHn OTpa<aer HOLYy-
N = Ao; CTHUMYIO CTENEeHb KOMIIEHCAIIUU MAJIBIX
3HAUYEHUN OJHUX CJIATAEMBIX OOJIBIIH-
MH 3HAYEHUIMH Apyrux. dem Oosbime
1 N | & — geale 3HAYEHUE I0KAa3aTessd, TeM DosbiIe cTe-
D D=— e &
N i; AcSP [I€Hb BO3MOXKHON KOMIIEHCAIII
N cale 12 O.?Zp _ O.galc 2 .
3 [ i ] [ i i ] Ouenka HHTErpAJIBHO OJU30CTH K IKC-
eTrp l
I I =1 Ao o;™ MEepPUMEHTy TIPH YCJIOBHH ObecredeHus
N [ geale 12 PUMEPHO OJMHAKOBOI'O BKJIAJA pa3-
(3
N JIMYHBIX ObJsracreit
i=1 o;
R R 1 % ogale OneHka MHTErpaJbHONR OTHOCUTEIHHON
N & o 6JIM30CTH K 3KCIEPUMEHTY
1 N-1
- Z (O'?Ip _ <aezp>) (O_Qalc <0_calc>)
(2 (2
i=0 o o
Koppenamusa cor = TN ll N1 OnenKa TeHAEHIUA MOBEICHUS CeYCHMA
i erp = calc 1
5 2 (077 = (o)) 5 2 (o (geate))
i=0 i=0

Pe3ysnbTaThl CPABHATEJIHHOTO AHAJIN3A MO-
aejieil peakmnuii riyOOKOro paciienjieHus.
CpaBuutenpHbIl aHanmm3 (HaKTOPOB COTIACHLA IO
MozenaM, sxomamuM B "Benchmark of Spallation
Models", maa peaxnmit " Pb(p, z) npeacrasien B
Tabs. 4. CBeTo-cepbIM I[BETOM B TAOJIHUIE OTMe-
gensl Momenu (incldabla, incl4gemini, incl4smm),
pexkomengoBanubie kcrnepramu MATATI. Moge-
JIN, pACCINTAHHBIE IO COBOKYIHOCTH (DAKTOPOB CO-
IJIacHst, KOTOPBIE YIOBJIETBOPAIOT yCAOBHIO MTAPETO-
onrumasnbrocT (CASCADE/ASF, CEM2k, g4bic,
phits4jam, CASCADeX 1.2), B qauHO# U mocyiexmy-
IOIINX TADJIMIIAX BBIAEJIEHBI 00JIee TEMHBIM I[BETOM.
Pasnuuma yka3aHHBIX COBOKYIHOCTElH yKa3bIBAET HA
pPa3IuYng MpPU KCIOJb30BAHUU OHO- U MHOTO(AK-
TOPHOTI'O0 TOJXOJO0B K BBIOOPY HAWJIydIIel MOIeIn
73 TeX, MO0 KOTOPBIM OBLIN OCYNIECTBICHBI PACIETHI
B XOJI¢ PEAJM3aIUU TIPOEKTA.

B pamkax wmuOrodaxTOpHOrO aHAJW3a IMIPO-
Bemeno cpapHerme  wmomean  CASCADeX 1.2
C MOZENAMHU pacdera  BBICOKOIHEPTETHUECKUX
HYKJIOH-HYKJIOHHBIX PEaKIWii, BXOAANAX B IIPO-
rpammustit  kommiekc MCNPX. Ilo mporpamme
CASCADeX 1.2 Obuin BBITIOJHEHBI pacdeThl (hak-

TOPOB JJid PA3JIMYHOU MOPOrOBOI SHEPTUH HA OC-
HOBAQHUU ISKCHEPUMEHTOB, HCIOJ/JIB30BAaHHBIX B Dpa-
6ore [13]. PesymbraTel mpencraBienbl B Tabi. b,
6, rme mcmonp30BaHb 0b603HAUeHUA: N — KoJude-
CTBO J3KCHEPUMEHTAJIBHBIX TOYEK; Opon — IIOJIHOE
cedeHNe HeyIpyTOro paccednud; F, — sHeprud Ha-
JIETATOIIETO IPOTOHA.

Ob6paborka BCell COBOKYIHOCTH JaHHBIX JIJIst
184\W ma ocHOBe MeETOZOB MHOTOKDHTEpPHAIBHO-
ro aHaJM3a TMOKA3aJla [PEUMYIINECTBAa MOIeei
Bertini/Dresner, CASCADE, CASCADE/ASF,
CASCADeX 1.2. Amammz mapamerpa MTOPOTOBOit
SHEPIUY MOKA3aJl HAWJIYYIlee COBIAJEHUE C IKCIIe-
puMmenToM npu moporosoit sgepruu 0 m 50 MaB gaa
184\ Bostee Toro, mpu ycioum, 9To BCe (hAKTOPBI
OVMHAKOBO 3HAQYUMbI U B KQUECTBE arperupoBaHHO-
ro mokaszarend 3(P(OEKTUBHOCTH HCIOIb3YEeTCId HX
nuneitnas ceeprka, CASCADE/ASF npexcrasus-
er coDO HAMJIY YTy 0 MOJIEb JIJIsi PACIeTa CeYeHUT
peakmuu #4W (p, 2) mpu cooTBeTcTByrOMUX SHEPTH-
AX HaJIeTAIONeil YaCTHUIlbI.

B caygae ¢ %%Co sddexTuBabIME OKa3a-

JUCh MOJENIH, peajn30BaHHBIE B IIPOTPaAMMAax
Bertini/Dresner, INCL4/Dresner, CEM2k, CAS-
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Tabauua 4

®dakTophl coryacud Aja peaknuii ***Pb(p, ¢) B unrerpanbaom pacuere (N = 279)

Mogens H D R F KonugecrBo monmyuennbrx
PaCYeTHBIX TOYEK

CASCADE 6,17 0,69 0,91 5,14 276
CASCADE/ASF 4,62 0,49 0,91 2,57 278
CASCADeX 1.2 5,82 0,71 0,46 10,98 261

CEM2k 4,84 0,51 1,05 2,44 279

CEMO03 5,21 0,56 1,06 2,46 279

gdbert 14,80 1,02 1,40 4,00 266

gdbic 4,39 0,53 0,69 3,73 258

incl4abla 9,61 0,81 1,51 2,04 264
incldgemini 20,26 1,28 2,04 2,48 250

incl4smm 9,57 0,87 1,27 3,67 263

BertDres 7,37 0,72 1,15 2,59 279
IsabelaAbla 13,13 1,08 1,77 2,29 250
IsabelGemini 30,30 1,70 2,49 2,79 240
Isabelasmm 10,04 0,92 1,35 4,04 250
Phitsjgmd 42,86 2,23 2,26 6,43 270
phits4jam 5,63 0,54 0,93 2,12 277
phits/bertini 6,75 0,61 1,16 2,08 277
CADeX 1.2, ¢ moporoBoii 3Heprumeil, paBHOI g KOTOpBIX ecTh maHHbie B KXFOR. Jlma stumx

50M»sB. Ilpu sTom Hammyumeil Momensio (mpu
ycjioBuu, 9T0 BCe (haKTOPHI PABHO3HAIHBI) CTAJA
Mozens CASCADeX 1.2. Heobxomumo TakzKe OTMe-
TUTb, 9TO pelleHns o MozgesnaMm Bertini/Dresner u
CASCADeX 1.2 g JaHHBIX peakIuii BCEra BXO-
I4T B COBOKYIHOCTH HapeTo-3(PEeKTUBHBIX.

Bepudbukauuma wu Bammpmanusa 6ubaumo-
TeK AaKTUBAIUOHHBIX SJEPHBIX JaHHBIX
JENDL/HE-2007 u HEAD-2009 na ocuoBe
skcmepuMeHTaabHON 6a3br naumubix EXFOR.
CerojiHsi B MHpE CYIIECTBYET JIBE BbICOKOIHED-
2emuveckue OMOIMOTEKN OIEHEHHBIX AKTHBAIU-
OHHBIX 4AJEPHBIX MTAHHBIX, COAEPZXKalIue JTaHHbIC
0 CevYeHusiM OOPA30BaHUsl OCTATOYHBIX SANEDP B
PeaKIuax C HYKJIOHAMH B IMHPOKOM MAaCCOBO-
DHEPreTUIECKOM IUAIa30HE. OTo Oubimorexra
JENDL/HE-2007 [14], aBnsromasicsa 9acThIO SIOH-
CKOli OUOIMOTEKM OIEHEHHBIX SJAEPHBIX JAHHBIX
JENDL, u 6ubnunoreka HEAD-2009 [15], paspabo-
tanHad B Poccun. B Tabsa. 7 npuBeneHo cpaBHeHue
YKa3aHHBIX OUOInOTEK.

C moMoupio MHTEPAKTUBHOIO KOMILIEeKca InlS
HAND 06puta mpoBemeHa BaJumamusd JaHHBIX K3
6ubmmorek HEAD-2009 u JENDL/HE-2007 u Be-
puduKaIug MOJYIEHHBIX PE3yJbTaTOB HA OCHO-
Bé pPa3yJbTaTOB SKCIEPUMEHTOB W3 0a3bl JAHHBIX
EXFOR [16]. Bcero 6bu10 orobpano 103 peakmun,

peakmuii ObLIa PAacCIMTAHA COBOKYIHOCTH (PaKTO-
pos coracus mexay gaaabivu u3 EXFOR u 6ub-
muorek JENDL/HE-2007 u HEAD-2009. Ilpen-
BapUTENbHO ObLIA CAeJaHa CILIANH-WHTEPIOIAIU
nauabix u3 oubmumoreku EXFOR tawm, rue 3To ObI-
g0 Heobxomumo. Jlna 69 peaknwmit cpemmekBazpa-
TUYIHBIE OTKJIOHEHUA MEXKAY JaHHBIMU U3 6I/I6JII/IO-
rexk EXFOR u HEAD-2009 okazaJich MeHblIle, 9em
CpeHeKBaIPATUIHbIE OTKJIIOHEHUA MEXKIY AaHHBI-
mu u3 6ubnmorek EXFOR u JENDL/HE-2007.

[locunrars KOppendnuio MeXKJIy TaHHBIMEH U3
EXFOR, JENDL/HE-2007 u HEAD-2009 nmua
OOJIBIIMHCTBA PEAKIWi HE MPEICTABIAETCA BO3-
MOXKHBIM. [Iporpamma JAM, mo KoTOpoii poBOIH-
JIUCH pacdeTsl AaHHbIX u3 6ubmuoreku JENDL /HE-
2007 B obmactu suepruii ceeimre 350 MaB, ocaoBana
Ha MeTOZlaX KBAHTOBOI MOJEKYIdpPHON IWHAMUKY,
a mporpamma GNASH, mo xoTopoii mpoBoamInCh
pacdersl B obmactu Huxke 250 M»>3B, — ma moaxo-
me Xaysep—®embaxa. B pame ciydaeB B guama-
3one suepruit 250—350 M>B Bo3unukaer medusude-
CKHIl CKA9OK B 3HAUCHHUAX CEICHUI.

Ha puc. 6, 7 nmpuBeneHsl IpuUMepHl CpAaBHEHUST
narabix u3 EXFOR u 6ubnuorex JENDL /HE-2007
u HEAD-2009. Ha puc. 7 MmoxuO HabIIOMATH TpPHU-
Mep CKadKa B 3HAYEHUAX CedeHuil 0oOpa3oBaHuUA
OCTATOYHBIX €D, OOyCIOBJIEHHOTO IPUMEHEHHEM
IpOTpaMM, OCHOBAHHBIX HA JBYX PA3JUYHBIX IOJI-
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Tabauya 5

E, =08I3B, N = 67,

E, =1,615B, N = 01,

Wurerpanpubiit pacuer,

Mogens Onon = 1636 Mbapu Onon = 1687 mbapu N =158
H D R F H D R F H D R F
Bertini/Dresner 5,08 0,38 0,83 1,76 6,89 0,48 0,87 1,87 6,19 0,44 0,85 1,82
Bertini/ABLA 5,04 0,39 0,83 2,28 5,67 0,44 0,89 2,63 5,41 0,42 0,86 2,48
ISABEL/Dresner 5,05 0,37 0,78 2,13 5,45 0,44 0,80 2,60 5,28 0,41 0,79 2,40
ISABEL/ABLA 5,33 0,38 0,78 2,13 5,91 0,40 0,83 2,83 5,68 0,41 0,81 2,58
INCL4/Dresner 5,56 0,41 0,75 2,2 5,25 0,38 0,79 2,73 5,38 0,39 0,77 2,51
INCL4/ABLA 6,18 0,43 0,75 2,54 6,08 0,40 0,85 2,57 6,12 0,41 0,81 2,56
CEM2k 4,85 0,43 0,80 2,89 5,88 0,45 0,89 3,6 5,47 0,42 0,85 3,30
CASCADE 4,72 0,39 0,78 1,65 4,9 0,35 0,83 2,85** 4,82 0,37 0,81 2,39***
CASCADE/ASF 4,34 0,33 0,86 1,57 4,51 0,33 0,87 1,69 4,44 0,33 0,87 1,64
CASCADeX 1.2 (50 M»sB) 5,64 0,43 0,69 1,65* 4,89 0,36 0,75 4,63** 5,20 0,39 0,73 3,40%**
*N = 58.
** N = 86.
TN =144, Tabauya 6
®PakTOpHI corjlacus AJid PasJIMYHBIX MogeJeii mis peaknuu p-+°2Co
E,=12I"B, N =20, E,=1,6I3B, N =20, E,=2,6I3B, N =20, VHaTerpaibHbIii
Mognenb Onon = 772 MbapH Onon = 773 Mbapu Onon = 770 Mbapu pacuer, N = 60
H D R F H D R F H D R F H D R F
Bertini/Dresner 487 032 0,70 1,74 451 033 0,71 19 429 032 0,71 1,76 456 0,32 0,71 1,82
Bertini/ABLA 1585 081 15 207 13,79 081 143 211 1371 0,8 142 2711 1471 081 145 21
ISABEL/Dresner 458 0,28 0,89 158 566 033 1,01 165 578 034 1,15 1,55 537 0,32 1,02 1,59
ISABEL/ABLA 21,17 1,1 1,83 231 23,16 1,27 2,04 245 2815 1,63 2,38 2,75 2434 1,33 208 25
INCL4/Dresner 416 0,25 091 156 430 0,25 095 1,51 442 0,27 1,03 147 429 0,26 096 1,51
INCL4/ABLA 20,35 1,02 1,78 2,21 20,05 1,13 1,87 2,30 26 1,45 223 255 223 1,2 1,96 2,35
CEM2k 6,52 041 093 1,78 582 0,37 084 1,78 523 0,36 0,8 1,86 588 0,38 0,86 1,81
CASCADE 12,79 0,6 1,12 252 11,80 0,59 1,11 2,38 10,26 0,58 1,08 2,31 11,66 0,59 1,1 24
CASCADE/ASF 6,02 0,36 1,1 1,5 551 037 1,09 148 551 037 1,08 149 569 0,37 1,09 1,49
CASCADeX 1.2 (50 M3B) 350 0,22 099 1,32 347 0,23 1,01 1,38 385 027 1,03 1,39 3,61 0,24 1,01 1,36
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Tabruua 7
Cpasaenne 6ubnuorek HEAD-2009 u JENDL/HE-2007
[Teppuunsie Obmee  3apsamoOBbIil JHEPreTUIECKUI [ITar pacuera B [Iporpamwmer,
Bubnunoreka JaCTHUIBI KOJHUYECTBO IHUAMA30H JMAna30H JWANa30He SHEPTUl  HPUMEHEHHBIE
H30TOIOB  HM30TOIOB IIePBUYHBIX 150—1 000 M>B LIS pacueToB
HYKJIOHOB
IIporons: 682 1-84 150—1000 M>B  150—250 M»B: 5 MsB, MCNPX 2.6 C
250—600 M»B: 25 MsB, CASCADE/
600—1 000 M»B: 50 MsB ASF
HEAD-2009 (Bcero 33 3naveHus)
HeifiTponsr 682 1—84 150—1 000 M>B  150—250 M»B: 5 MsB, MCNPX2.5D
250—600 M»B: 25 M>B, MCNPX 2.6 C
600—1 000 M»B: 50 MsB CASCADE/
(Bcero 33 3HaueHHUs) ASF
IIporons: 106 1-95 o 3000 Ms>B  150—250 MsB: 10 M>B GNASH
u Touku 350, 500, 600, JAM
700, 800, 1000, 1500,
2000, 3000 M>B
JENDL/HE-2007 (Bcero 20 3nauenuit)
Heitrponst 106 1—95 Jlo 3000 MsB  150—250 M»B: 10 MsB GNASH
u Touku 350, 500, 600, JAM

700, 800, 1000, 1500,
2000, 3000 MsB

(Bcero 20 3navenuii)

10

|E, 10°»>B

Puc. 6. Ceuenne obpasosanus uzoromna 'Be B peaxnuu 27 Al(p, z): O — HEAD-2009; x — JENDL/HE-2007; apyrue
mapkepsl — EXFOR (1958—2003 rr.)

— 57 —



A. A. Arnpunanos, FO. A. Koposun, U. C. Kynmnos, A. A. Haramerko

o, 0DapH

0,10 [
0,09 41||IT.

0,08 |[}

0,07 || || Ll

0,06 iif

0,05 -

0,04

0,03

i

|

—0—

E,10'5B

0,02 i 1 | 1 | 1 | 1 l 1

= 00—

Puc. 7. Ceuernne obpazosanus uzorona 5°Zr B peakmuu *>Nb(p, z): 0 — HEAD-2009; x — JENDL/HE-2007; o —

EXFOR (1964r.)

XOJlaX K ONHCAHWUIO BBICOKOIHEPreTUUYECKUX B3a-
nmoneticteuit.  [IpuMmenenwe ke KacKa HO-TIPEI-
PaBHOBECHO-UCIAPUATEIBLHBIX MOJesIeil He IPUBOIUT
K MOABJIEHUIO TaKUX Pa3PbIBOB.

3akJroyeHue

Paspaborannbie cucremsr IViS SMPI u InlS
HAND KOMIOBIOTEPHOIO MOIEIHPOBAHUA BBICOKO-
SHEPTeTUIECKUX HANEPHBIX PEAKINU# ¥ IOATOTOB-
K AKTHUBAIIMOHHBIX AOEPHBIX OJaHHBIX IIPpEeacTaB-
JFI0T OO0 MHCTPYMEHTHI, peJHA3HATIEHHbIE I
YCKOpEHNd HAyJIHBIX U MPOEKTHBIX UCCIeTOBAHUN
B 00J1aCTH KOHCTAHTHOTO ODOECIedYeHnsd PaCIeTOB
MHHOBAIMOHHBIX HAIEPHO-YHEPTETUIECKUX YCTAHO-
BOK. JlamHbIe mporpaMMHBIE CpejcTBa obeciedn-
BalOT BO3MOXKHOCTHU MHOTOBapHUaHTHBIX CepHﬁHbIX
pacdeToB, 0O0CHOBAHHOI'O BBIOOpA IMapaMeTPOB MO-
zesieit mo pesysbTaraM KOJIMYEeCTBEHHOTO COMOCTAB-
JIeHUd C SKCIEPUMEHTOM U BKJIIOYAIOT B cebd mIupo-
KWl CIIEKTP CPeACTB OOPabOTKH W IPEICTABJICHUS
PEe3yIbTATOB PaCYeToB.

Onucannable CHCTEMBI MOTYT OBITH UCIOJIH30BAHBI
B y4eOHOM IIPOIECCE TPU OCBOEHWM COOTBETCTBY-
FOIUX KYPCOB, & TaKKe IOJIE3HBI CIEIUAJUCTAM,
paboTaronmM B CMEXKHBIX IPEIMETHBIX ODJIaCTIX

1 HE€ MMEIOIIUM BO3MOXKHOCTHU yI‘JIy6JISITI)CH B TOH-
KOCTHU, CBA3aHHBIE C 0CODEHHOCTHIO MCIIOJIb30BAHUA
OTZE/IbHBIX IIPOrPaMMHBIX CPEICTB.

Apropsr BeipazkatoT birarogapuaocts H. K. Kasy-
runy, JI. Y. Ceernmuunomy, A. A. JloroBy 3a mo-
MOIITb B MPOBEJIEHUN PACIETOB, MPEJCTABICHHBIX B
IaHHOM pabore.
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