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He06xOAMMOCTb MQAenH pOBaHHA npO~eCCOB, peanH3Y~HXCA B He 
60nbWMX M~eHAX H npoTA*eHHWX c peAax nOA AeHCTBHeM nOTOKOB BW 
COK03HepreTH4ecKHX RAepHO-aKTHBHWX 4aCTH~/nH-Me30HOB ,HYKnOHOB , 
MOHOS paal1144t-IWX 1IPtep/ B0 3HHKaeT npH peWeHMH " 4HCTO CSlI13H4eCKHX" 
np06l1eM , CBA3aHHWX , HanpHMep, C BOCCTaHOBl1eHl1eM XapaKTepHCTHK 
1IPtepHWX B3aHMOAeMCTBH~ no AaHHWM 06 aTMocCSlepHWX nHBHAX, C paC4e
TaNH 3~KTH8HOCTH AeTeKTHPYOQHX YCTPOHCTB H onpeAeneHI1R Kpl1Te
PMeB oT60pa onPeAeneHHWX Tl1nOB AAepHWX peaK~H", B TaK*e BO MHO
rHX aaAB4 ax npMKI18AHOr O XBpaKTepa , KaC~I1XCA pa C4e TOB paAHa 
qHOHHOM 3~HTW YCKopl4Tel1eH 11 KOCMI14 e CKI1X annapa TOB, 0 4eHKH p a
AMaijMOHHOH 06cTBHOBKM Ha paanl14 HWX rny6I1Hax B a TMocCSlepe , p ac
4 e Te Tenl10BWAeneHHA 11 HaKOnneHI1A paanH4HWX 1130TOnOa a Aen~I1X
CA H HeAeI1A~I1XCA MHweHAX, KOCMOXI1MI14eCKI1X saAa4 H Ta K Aal1ee . 

8 ~enOM pacnpOCTpBHeHl1e nY4KB BWCOK03HepreTH4eCKHX 4aCTH~ 
B B~eCTBe Onl4CWBaeTCA Ha CTonbKO cnO* HOM cHcTeMOH KHHeTH4eCKHX 
ypaBHeHMM , 4TO e e peweHHe 06w4HwMH 4HcneHHWMH MeTOAaMH KpaHHe 
saTPYAHMTenbHO, OCo6eHHO eCJ111 Y4HTWBaTb cnO*HYO r e OMeTpHO sa
AS4H M MHoroKOMnoHeHTHwH COCTa B ae~eCTBa . TpYAHOCTH B03HHKa OT 

*e Ha CTa AMH saABHHR MHoronapaMeTPH4e CKOH I1CXQAHOH HHCSlOPMa~H I1 
o CBOHCT Bax AAepHWX peaKijHM , KOTopwe B 06n a cTH BWCOKI1X 3HeprHH 
xapa KTepHSYOTCR po*AeHl1eM 6onbworo 4 HCI1a OTOPl14HWX 4aCTHij. B 
3TI1X ycnoBI1RX Ha H6 ol1e e BAeKBaTHWM cnoc060M TeopeTH4e CKoro pac
CMOTpeHHR ABnAeTCR n pHMeHeHHe MeTOAa HOHTe -Kapn o HA s c e x CTa
AHRX pa C4eTa - KaK npH MOAenHpos aHHH pacnpOCTpaHe HHA nOTOKa 4ac
TH4 B 8~eCT8e , Ta K H npH SaA BHHI1 HCXOAHOH HHCSlOPMa~HI1 nYT eM 
paC48 Ta BHYTPMRAepHWX KaCKaAoa. npH 3TOM YAa eTCA He TonbKO 
y~eCT b pa3Hc)06pa3Hwe oc06eHHocTH B3aHMOAeMCTBHM 4aCTHij H RAep 
C AApaMM, HO H MQAenHpoBaTb cne~H$HKY KOHKpeTHOH 06cTa HoBKH: 
p a cn0l10*eHHe H 3$CSleKTHs HOCTb npH6opOB, 8peMeHHwe 8apHa~HH 
H T . A~ T. e . nonHOCTbO CMQAeJ1HpoBaTb cHTya~HG Ha 38H. 

B OMftM paspa60TaH MeTOA CTa THCTH4eCKor o MOAenHpoaaHHR pas

n M4HWX RAepHO-~3M~eCKHX npOije CCOB, conpOBOMAaOQHX npoxo~eHHe 


nY4Ka 4aCTH~ 4epes Be~eCTBO. PeanHSOBaHHWM H8 3SH CDC-6 500 

11 63CH-6 KOMnneKC nporpa MM nOSBonAeT MOAenHpoaaTb B3a 

BHR BAPOHo a 11 AAe p C r eTepOreHHWMH KOHAeHCMposaHHWMH H 

pa S HWMH c peAaMH npaKTH~eCKH 11000M KOH$Hrypa4HH , BKno~a~HMI1 AO 

weCTH pa3nH~HWX XHMH 4 e CKHX KOMnOHeHToa /a TOM 4HCI1e H aOAopOA

COAep*BIIUote KOMnOHeHTW/. lte6onbwoe MSMeHe HHe nporpaMM n0 3S0nAeT 

p aCCMaTpH8aTb H 60nee cnowHWH xHMH~eCKHM COCTaa , C 3HeprHeM 

nepBH4HWX 4BCTHq OT Aone" 3 8 AO 10 r 3 8/HY KJ1OH. 3 HepreT H~ecKHH 


cneKTp H c o eTas nepSH4HWX 4 acTMij MO*eT 3aBMceTb OT n pOCTpaH

CTBeHHWX KoopA"HaT. ECI1H 3TO - nOTOK KOCMM~eCKHX 4 aCTHij, TO 


Y4~T~BaeTCR ero H3MeHeH~e MarH~TH~M noneM nnaHeT~ . Cne4~anbHan 

nporpaMMa n03BonReT paCCMaTpMBaTb pacnpoCTpaHeHMe ra MMa-KoaHTOB. 

B~4~cnR~TCA cneKTpanbH~e xapaKTepMCTMKM M npoCTpaHCTBeHH~e 

pacnpeAeJ1eHMA 4acH14 pa3nM4 HblX HmOB BHyTp~ M BHe 06nY4aeMo ro 

BelqeCT Ba, npocrpaHCTBeHHoe pacnpeAeJ1eHMe pa3n~4Hblx TMnOB AAepHblx 

peaK4H~ ,I1X n POAY KTOB 11 TennOBbiAeneHHA. BblAalOTCA COOTBeTC T BYIOll\~ e 

HHTerpanbHble BenH41-1Hbl: 41-1CnO 06pa30BaBWHXCR 4aCTI14 onpeAene HHoro 

THna, nonHbI~ BblXOA 1-130TOnOB, CYMMap Hoe TennoBbiAeneHHe 11 T . n . 

B nporpaMMY 3anmxeHbi K03(jJcpl1 l.\ ~e HTbl 61-10nOrltt4eCK OH 3 <!>$e KTI-1BHOCTI-1 

Me30HO B 1-1 HYKnOHOB, COOTBeTcTBylO~He 0AHOCTopOHHeMY 1-1 0AHOPOAHOMY 

06nY4eHH~ 61-10nOrl-1QeCKOrO 06beKTa, 6narOAapn 4eMY nporpaMMa Mo~eT 

B~4I1CJ1ATb npOCTpaHCTBeHHble pacnpeAeneHI-1R H I-1HTerpanbi A03 06nY4e
HI1A. 

B OCHOBY MOAenl-1pOBaHHR RAepHblX B3al-1MOAe~CTBI-1~ nono~eH MexaH~3M 
BHYTp~RAepH~X KaCKaAOB C YQeTOM KOHKypeH4~IH npo4eCCO B I-1CnapeHI-1R 

M AeJ1eHMR B036Y~AeHH~X OCTaT04HblX /nocneKaCKaAHblX/ AAep. Y4HTbI

Ba~TCA npeApaBHOBecHbie np04eccbI pacnaAa TilKHX RAep , a TaK~e 

I-13MeHeHI-1e nnOTHOCTH 41-1Cna BHYTpMRAepHblx HYKnOHOB B XOAe pa3BI-1TI-1R 

KacKaAa I-13-3a obl611BaHI-1R 4aCTM HYKnOHOO. npM p a C4ere BHYT p I1 AAep

HbiX KaCKaAOB HcxOAH aR I1HcpopMa41-1" 3aAaeTCR 0 ol-1 Ae Til6n l-1l1 , o nl-1 

CblBa~~Hx 3neMeHTapHble aAPoH-aAPOHHble B3al-1MOAeHCTBI-1A /noAP06 Hee 
eM. 06 3TOM B MOHorpa(jJI-1H II I H CTaTbRX / 2/1 . 

PaC4eT RAepHblx B3al-1MOAe~tCTB~i1 /"Y3nOB" pa3BeTBneflHoro KacKaA 

Horo "AepeBa" B Be~eCTBe/ - HaH60nee CflO~HaR 1-1 TpYAoeMKaA 4aCT b 

3aAa41-1. OHa oc)JopMfleHa B BI1Ae ABYX MOAene~ - OTAeJ1bHO paC4eT BHYT 

pMRAepHoro KaCKaAa 1-1 paC4eT pacnaAa /HcnapeHHA 1-1 AefleHMA/ OCTa
r04Horo RApa. AonoflHMTeflbHbI~ MOAYflb n03BonneT BKflI041-1Tb B paC4eT 
pacnaA nAep B npeApaBHOBeCHO~ CTaAMM, KorAa RApO nOCfle BbifleTa 

113 Hero 6b1CTPblX KacKaAHblx 4acTM4 nOCTeneHHO penaKcHPyeT K paB
HooecHoMY COCTORHI-1~ / 3 /. 

nporpaMMbI pac4eTa B3aMMoAe~cTBHR 4aCTM4b1 /IT -Me30Ha , npoToHa, 

He~TpOHa/ C RAPOM ~ pac4eTa B3al-1MOAe~CTBI-1n AByX RAep MorYT MC

nonb30BaTbcn AnA peweH~A $I-13~4eCKMx 3aAa4 He3~BI-1CI1MO OT paC4eTa 

Me*bRA e pHoro KaCKaAa . 

Co CTOPOHbI BbiCOKI-1X 3HeprH~ /10 r3D/HYKfloH Mn~ "-Me30H/ 

I1CnOnb30BaHH~~ HaMI-1 MeXaHI13M BHyTpl1RAepHblX KaCKaAOB OrpaHI14eH 

rflaBHblM o6pa30M Heo6xoA~MOCTb~ Y4eTa KBapKOBbiX 3$c)JeKTo B npH pac

CMOTpeHMM 3fleMeHTapHblx B3a~MoAenCTBM~ BHYTPl-1 RApa /B 4aCTHOCTI-1, 

TalC Ha3~BaeMoro BpeMeHI-1 c)JOpMI-1pOHaHI-1A 4aCT~4 nacne MX B3al-1MOAe~
/

CTGMA/. TaKHe MOAen~ e~e TOflbKO C03AaIOTcn'4 . 

KaCKaAHO-I-1Cnap~ TeflbHan MOAenb RAepHblX peaK4M~ np~MeHMMa npH 
3Heprl-1R X Bblwe _10 "3D. nOCKOflbKY npM MeHbW~X 3Hepr MAx OCHOBHO~ 

BKfl aA Aa~T B3 aMMoAe~cTB~A HeATpoHoB /60flbW~HCTBO "-Me30HOB y~e 

ycneBaeT pacnacTbcA, a MeAneHH~e npoToHbI OCTaHaBnMBa~TCR I-13-3a 

~OHI-13a~I-10HH~X nOTepb, He I1CnblTaO RAepHoro B3aI1MOAe~CTBI-1A/. AflA 

On l1 CaHHR HH3K03HepreT I-1 Qe CKI1X RAepHNX peaK4~A MN Bocnonb30BanHCb 
26 - rpynnoBo~ CI-1 CTeMO~ ¢e HOMeHono rH4eCKMX KOHCTaHT / 51 WMPOKO 

np~MeHAeMoA B HaCTOA~e~ B~ B pea~T 9PH0~~ TeXHI1Ke. 

!J .• _ . •••1 I~it' u"ryT I 3 
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I1cnonb3yeMi'Hl R HaWVlX npOrpaHMaX 6~16nVlOTeKa KOHCTilHT COAeplK~1T 

AilHH~e AnR 50 RAep. B KalKAOM KOHKpeTHOM cnY4ae C nOMO~b~ CVlCTeM
Horo peAaKTopa 53CM-6 HnVl peAaKTVlpYIO~e~ nporpaMMbl UPDATE Ha 
CDC-6500 He06;,wAVIMble AaHHbie 3aHOCRTCR B cooTBeTcTBY~~11e Mac
CVlB~ VI Vlcnonb3ynTcR AClnee KilK BxoAH~e AaHH~e 3aAa4V1'6 ! . 

5V16nVloTeKa MOlKeT 6blTb paCWVlpeHa. B 4acTHocTVI, MorYT 6blTb 
BKnI04eH~ AaHH~e AnR ycpeAHeHHoro onVlcaHVlR cnOlKH~X XVlMVl4eCKMX 
coeAVlHeHVlH, 4TO B pRAe cnY4aeB n03BonReT cy~ecTBeHHo ynpocTVlTb 
B~4V1cneHVlR 6e3 3aMeTHoH nOTepVl T04HOCTVI. 

np06er 4acTVl4~ AO RAepHoro B3aVlMoAe~cTBVlR B HeoAHopoAHO~ 
cpeAe, nilpaMeTp~ KOTOPOH /ce4eHVle B3aVlMoAeHcTBVlR/ 3aBVICRT OT 
3HeprVlVl paccMaTpVlBaeMoH 4acTVl4bl, HaXOARTCR nYTeM 4V1cneHHoro pe
weHVlR VlHTerpanbHoro ypaBHeHVlR. 3Ta 4aCTb pac4eTa nOXOlKa Ha COOT
BeTcTBY~~y~ 4aCTb pac4eTa BHYTpVlRAepHoro KacKaAil, rAe BepoRT
HOCTb B3aVlMoAeHcTBVlR TaKlKe 3aBVlCVlT OT nOKanbHo~ nnOTHOCTVI 4Hcna 
HYKnoHoB VI 3HeprVlVl KacKaAHoH 4acTVl4~ /CM. / 1! /. Cy~ecT BeHHoe 
pa3nVl4V1e COCTOVIT nVlWb B Henpep~BHoM YMeHbweHVIVI 3HeprVlVl 4acTVl4~ 

B cpeAe Vl3-3a nOTepb 3HeprVlVl Ha VloHVl3a4V11O VI B036Y*AeHVle ilTOMOB 
cpeAbl. 

npVl B~4V1cneHVlRX y4V1T~BaIOTcR pacnaA~ rr-Me30HOB VI YMeHbweHVle 
VlX BpeMeHVI lKM3HVI BcneAcTBVle penRTVlBVlcTCKVlX 3$$eKToB. HVl3K03Hep
reTVl4eCKVle BeTBVI KacKaAHoro AepeBa pacc4V1TblBalOTcR B nOArpynnoBoM 
npVl6nVl)aeHMVl /7I , 4TO n03BonReT paccMaTpVlBaTb ~.e60nbwVle /no cpaf>
HeHM~ C np06eroM HeHTpoHoB/ VI reTeporeHH~e /B 4ac THocTVI , cnoVlc
T~e/ MVlweHVI. npVl pac4eTe KacKClAoB 0 aTMoc$epe Y4V1T~BaeTcR 6ilPO
MeTp~14ecKoe Vl3MeHeHVle nnOTHOCTVI B03Ayxa C BbICOTOH. 

CpeAHee BpeMR, He06xoAVIMoe AnR pac4eTa C 5%- Hm"1 T04HOCTbIO 
ycpeAHeHH~x no MVlweHVI 3HepreTVl4ecKVlx cneKTpoB HeHTpoHoB VI npo
TOHOB, npocTpaHcTBeHHoro pacnpeAeneHVlR TennoB~AeneHVlR VI B~XOAa 

OCHOBH~X Vl30TonOB COCTaBnReT 0 , 5-1 4. BpeMR B~4V1cneHVlH 3Ha4V1 -
TenbHO B03paCTaeT, ecnVl MHTepeco
BClTbCR nOKanbH~MVI cneKTpaMVI 4a c ..~ TM4, pacnpeAeneHVlRMVI Vl30TonOB 
C Man~M B~XOAOM VlnVl KaKVlMVI-nVl60 
peAKVlMVI RAepH~MH peaK4MRMVI. 

B Ka4eCTBe npVlMepa B03MO~(HOC

TeH VI T04HOCTVI Hawe~ nporpaMM~ 

Ha 	 pVlCYHKe npVloeAeH~ cneKTp~ 

HeHTpOHOB, reHepVlpOBaHH~X KOC
MVl4eCKVlM M3nY4eHVleM 8 aTMoc$epe 
Ha B~COTax 4,12 VI 50 KM HaA 
YPOBHeM MOPR /reorpa$Vl4eCKaR WVl
pOTa MeCTHOCTVI 42 °/. IVicTorpaM

, no·6 	 M~ - Ha w paC4eT; nOKa3aH~ CTa
TVlCTVl4eCKVle norpeWHOCTM paC4eTa. 
KpVlB~e - 3KcnepVlMeHTanbH~e AaH

10·' 10J 10' 
H~e, nYHKTVlp - paC4eT aMepVlKaH

Tnh &J CKVlX aBTopo B 18 / . 
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npVl MOAenVipOBaHVIVI 3KcnepVlMeHTOB, B KOTOPWX perVlCTpMPYIOTCR 
oTAenbHble RAepH~e B3aVlMOAei1cTBVlR /"3Be3Abl"/ B cpeAe - HanpVlMep, 
on~TOB C ~oT03MynbcVleH VlnVl nY3WPbKOB~MVI KaMepaMVI, - YA06HO C no
MO~blO HawVlX nporpaMM paCC4V1TaTb VI 3ilnVlcaTb Ha MilrHVlTHYIO neHTY 
He06xOAVIMoe 4V1cno 3Be3A, a AanbHeHwy~ VlX 06pa60TKY BwnonHRTb 
C nOMO~b~ Tex lKe nporpaMM, 4TO VI COOTBeTCTBY~~Vle 3KcnepVlMeHTanb
Hble "3 Be3Abl" . 

Ha npaKTVlKe BCTpe4ClIOTCR 3aACl4V1, KorAa VlCT04HVlK BTOPVl4H~X 4ac
TVl4, CBn3aHHW~ co cnO*HO~ reOMeTpVleH /HanpVlMep, nOBYWKa 4aCTVl4 
cnOlKHOH ~(OH$Vlrypa4V1V1 Ha nY4Ke YCKopVlTenn/ OKpYlKeH TonCT~M cnoeM 
OAHopOAHoro Be~eCTBa. B 3TVlX cnY4aRX C nOMO~blO npRMoro /aHanoro
Boro/ MeTOACl tloHTe-Kapno 04eHb TPYAHO Ha6paTb AOCTaT04HY~ CTa
TVlCTVlKY. KOMnneKC nporpaMM opraHVl30BaH TaK, 4TO Ha OCHOBe Vl3
BeCTH~X MeTOAOB!9! MO*HO nerKO BBeCTVI COOTBeTCTBYIO~Me BeCOB~e 
$YHK4V1V1, cy~ecTBeHHO ynY4walO~Vle CTaTMCTVl4eCKY~ AOCTOBepHOCTb 
pe3ynbTaTOB. B03Mo*eH M APyroH nOAXOA K peweHVlIO 3TOH 3aAa4V1: 
B~4V1cnVlTb nOTOK VI cneKTpw 4aCTVl4 Ha nOBepXHOCTVI npOCTOH reOMeTpVl
4eCKOH $OpMW B Ha4ane cnOR OAHopOAHoro Be~eCTBa M Mcnonb30BaTb 
3TVI AaHH~e B Ka4eCTBe rpaHVl4H~X ycnoBVlH AnR nocneAYIO~ero pewe
HViR 3aAa4V1 C nOMO~blO KVlHeTVl4eCKVlX YPClBHeHVlH. 

CneAyeT nOA4epKHYTb, 4TO HawVI nporpilMMW opVleHTVlpOBaH~ B OC
HOBHOM Ha $Vl3V1KOB, KOTOPblM 4a~e npVlXOAVITCR pewaTb OAHOKpilTH~e 
3aAa4V1 C cy~ecTBeHH~M Vl3MeHeHMeM Ha4anbH~X ycnoBVlH /HanpVlMep, 
npVl H3MeHeHVlVI ycnoBVlH, KacalO~VlXCR MexaHVl3MOB RAepH~X peaK4V1~, 

Vlm1 npVl MOAenVipOBaHVlVI HOBoro 3KcnepVll1eHTa/, HelKenVi B~nonHRTb 
MHorOKpaTH~e nOBTopH~e paC4eT~ npVl 6nVl3KVlX ycnoBMRX, KaK 3TO 
4aCTO npVlXOAVITCR AenaTb HHlKeHepy. B npVlMeHeHVlVI K "MaCCOBbIM" 
VlH*eKTopH~M paC4eTaM nporpaMMW Ge3 3Ha4V1TenbHoro CHVllKeHVlR VlX 
T0 4 HOCTVI MorYT 6blTb cy~ecTBeHHO ynpo~eH~ 3a C4eT 60nee orpyGneH
Horo ~nVlcaHVlR B3aVlMOAeHCTBVlll 4aCTVl4 VI RAep, BBeAeHVlR "cpeAHero 
RApa", Vlcnonb30BaHVlR BeCOB~X $YHK4V1A VI T.n. TaKMM 06pa30M, 
YAaeTCR nonY4V1Tb 60nbwoR B~Vlrp~w BO BpeMeHVI C4eTa . 

B HaCTOR~ee BpeMR HawVI nporpaMMW Vlcnonb3YlOTCR B EpeBaHCKOM 
$Vl3V14eCKOM VlHCTVlTYTe, 11oCKOBCKOM VlHlKeHepHO-$Vl3V14eCKOM VlHCTVlTYTe, 
06HVlHCKOM $HnMane MOCKOBCKoro VlHlKeHepHO-$Vl3V14eCKoro VlHCTVlTYTa. 
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nepe.~ O. C.BHHOrpaAOBOA 

Baraabenkov V.S. et ale P2-85-173 
"CASCADE" Program Complex for lfonte-Carlo Simulation of 
Nuclear Processes Initiated by High Energy Par ticles and 
Nuclei in Gaseous and Condens~d Mattar 

Progr am compl ex "Caseade" for Monte-Carlo s imulation of 
nuclear pro~s8e8 initia ted in di f ferent gaseous and sol id 
targets under tbe hieb energy particles and nuclei i rradiation 
has been creat.ed. Simulation of nuclear interact ions is basad 
n t be intranucl ear cascade llechanisa taking i nto account 

evaporation and f i ssion of residual excited nuclei . The cr ea
ted computer progr ams allow the calculation of ,spectra 
cbar acteristica and space distributions of var ious nuc 
reactions , their products. energy. dissipated in t he 
and correspondi ng integral characteris tics. The progr 
plex i . f unctioniu& on t he CDC-6S00 and BESM-6 comput 

iUYe&d.aation bU been performed at the Laborator 
of CoIIIputin, '.techni queri and Automation. JINR. 
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