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OBLE,IU1HEHHhlYI MHCT11TYT H,ICEPHhlX MCCJJE,UOBAHV!11 

na6opaTOpHH BU~C~Te~HOH TEXHHRH H aBTOMaTH3~H 

Jie BaH HroK, C .IO.lliMru:oB 

ITPOrPAMMA PAC'IETA HTJ.\JIOH-ME30HHOrO KACKA,ItA B ATMOC~EPE 
3EMJll1: METO.UOM MOHTE-Kli.PJIO 



,UJr;r peme:HIDi :pasJ.rwumx Hay-qmoc :a n:pHKJia,rumx sa.n;a-q (HSy;ieHHe 

B3aHMO~e!cTBRi BHCOKOSHepreTxqecl~ 't!aCTHU no xapaKT9pHCTHKaM 

BTOJ?~ 't!aCTHn, nop~aeMaX ~[ B aTMOC~epe, rrporH03HpOBaHHe 

pa.n;H~OHHOI 06CTaHOBKH Ha J?a3.1IK'::HWC BHCOTax, :pac't!eT 3atqHTH BH-
o 

COTHHX JI9TaTe.1IDHHX a.nna:paTOB, OI.J;E1HKa Ao3 J?B.IU!aKTHBHOrO H3.zrytl9:HID1 

B B03~Xe BOK:pyr YCKOJ?HT6JI9~ H T.n.) Tpe6yeTca 3HaHH9 npOCTpaHCT

B6HHHX H 3HepreTHtl9CKHX :pacnpe~eJ.:eim~ tiaCTHn :pasJIHqma: THnOB. 

Ha:ra:60Jiee a.n;eKBaTHHM M9TO~OM :pemeHHH IT0~06HHX sa.n;aq B HaCTo

smtee BJ?8M8: SlBJ.TH8TC.S: M9TO~ MOHTe-Ra:pJIO, IT03BOJlfUODUrii ,ltOCTaTO'tlHO 

JierKO Y'i:HTHBaT~ CJIOEHyD reOM9TpEXI H COCTaB c:pe~, B KOTOpOI pac

npOCTJ?aHH9TCJi H3.zrytl9HH9. lOCTHra€MB.a: Ha COBp9M6HHHX aBM TO~HOCT~ 
( ~ 5%) , RaK npa.BHJIO, ,ltOCTaTO~Ha ,DJJR STOrO K:pyra aa.n;a-q. 

B ,ltaHHOi pa6oTe OnHCaHH nporpaMMH MOHTe-KapnOBCKOrO MO,lteJIH

pOBB.HRa: xacxa.n;a a.n;e:pma ~aCTHn B aTMocQ)e:pe 3ewm. B Ka'ieCTBe wr
~TPanHH B03MOZHOCT9i nporpaMMH npHBO~TCH pesy.1IDTaTH paclieTOB 

npOTOHHHX H He:ITpOHHHX cneKTpOB Ha pa3JIH't1HHX rJIY6HHa.x H liiRpOTBX 

B Cp8BH8HHH C 3RCIT9pHM6HTaHDHHMH ~aHHHMH H paC'i9TaMH .npyrHX 

aBTOpOB (OM. p:ra:c.I,2). 

On:ra:caHHe MOlieJIH 

I . IlepBxqaoe KOCM1iftr9CK09 H3~Vli9HH8 B OKOJI089AU10M npOCTpaHCT

Be npe~CTSBnHeT co6oi HSOTpOHHHi UOTOK (B nepHO~ CITOKOIHoro 

CoJIHI.J;a.) H;qeP, aTOMOB, 6o.1IDmeA 'iaCT:&Io Bo,nopo,na. CneKTP KOCMi!TieCKHX 

npOTOHOB /I7 npHBe~eH Ha pHc.I. B o6JiaCTH aHeprHI Tp "> 3.8 raB 
3TOT CIT9KTp M0Jt6T 6HT~ a.nnpOKCHMH,pOBaH CT9IT8HHliMH 3a.BHCHMOCTJD.m 

'"'-' 3 .\ (_Tp )-2. -1 -'\ - '2.. _.-\ 
u N _ ~,43 .).A.~ ~ ..M c,,.e .• -p 3.,8..:::T1,4.-{0\~ 

T -2 (..:;- (I) 
(~e.) ' ·"" -1 -1.. .-1 <"' . 
~~·~ ...u~~..t..\ ~~ -1o~TyL&c,~. 

CneKTp nepBH'tlHHX npOTOHOB MO~eJm:p:reTC.S: M8TO~OM HHBepCHH (Z/. 
B o6JiaCTH aHeprd T ?'" 3,8 raB npJweH.a:eTcH 'tiB:cJiaHHoe o6:p8ll{eime 

~, OnHCHBaiODta:H CITSKTp. B MO~~eJIH yqHTHBaeTCJi Mai'HHTHOe ITOJie 

3eMJ.tH: ClD!Ta8TCJi, liTO B aTMOC~e:py ITOITa.rtaiOT T~KO npOTOHH C 



2. 

HMfiY~COM 6o~me ~- /3/ 

!)!J} 3 ~ ''./ 
:::;=::;::::

(., t /4-~ w u~ 3 j ) z. 

r,IJ;e j - reoMarimTHM nm:pOTa, a ~~ - yrOJI MeJI,IJ,Y HOpMaJ.ll>HO K 

Mep~OHaJil>HO! nHOCKOCTH H HanpaBH3HH9M UOJieTa ~aCT~ (nO.D;

nporpaMMa S.p E c ~~ ) • 

2. CBO!CTBa aTMOCW9PH H MO,II;9X!pOBaHHe CBOOO,IJ;HOrO npo6era 

~aCTJm. 

B MO,IJ;eJIH npHHHMaeTC.fi, ~TO aTM)CWepa COCTOHT HS a30'l'a 

(2} 

( 78 ,I%, ~ =7, 1\ =I4) H KHCJiopo,D;a (2I, 9%, ~ =8, I\ =I6), 

COOTHOWeHHe KOTOpHX He M9HH9TCH C :3HCOTOi. 3aBHCHMOCTD nHOTHOCTH 

OT BbtCOTH g annpOKCHMHpyeTCB: SKCUOH,3HTOi 

(3) 

r,D;e ~o =I,443·I0-32/c~, ~ =7,3;~7 KM. !IOJIHM TOJIIItmia aTMOCWe

pi:l I033 2 I cJ!-, MaKCHMaJ.ll>Hoe oTKJIOH,3HHe oT "cTa.H,ItapTHo:l" aTMocwe

pH / 3./ COCTaBHB:eT OKOJIO ICJ%, ~TO C}aBHHMO C KJmMaTHli9CKHMH H 

noro.D;HHMH HSMeHeHH.R:MI[ nxoTHOCTH BO 3,tryXa ( no.D;nporpa.MMa P l o'"i"" N) 
KpHBHSHoi aTMocwepH MH npeHe6peraeJ4 H paccMaTpnaeM a~av pac

npocTpaHeHHB: HS~eHHH B CJIOe TO~!HO! 50 KM, CBO!CTBa KOTOporo 

SaBHCHT TOJIDKO OT BHCOTH. 

JVnma cBo6o,D;Horo npooera L ;:vrsr Heaapa:xteHHHX ~aCTJm onpe--

.D;e~eTcsr pemaHHeM ypa.:sHeHHH 
.fl.. I 

S cL t ; - ,h.\ 
. .}CV! -t ~e.) 

0 

3.D;9CD .).-~ ( ~ ) = ·~ & ( ~) <S' t: 
A: 

~ - ~cJio ABora,lWo 

6t - noJIHoe ce-rremre BSa.HMO.D;e!cTBjm -rracT~ c R,I(pOM 

A - cpe,1lHee MaccoBoe l!HCJio JI,I~;ep aTMocwepu 

_s'( Y.) - nHOTHOCT:& aTMOC~pH 

(4) 

~ - c~aimoe 'tlliCJIO pa.:sHOMepHo pacnpe.D;eJieHHoe B RHTepBaJie ( 0, I) 

\ 



Peweime aT oro ypa:sHeimH c Y'lleTOM ( 3) .n;aeT 

( 5) 

( 9 - yroJI. M9JKJJY HanpaBJI.eimeM llOJieTa 'tlaCTIDJ;li H OC:biO ~ . , 

OC:b ~ Ha.npa:BJieHa BepTmtaJibHO Bl19pX). ,lJ,7l:f.r 3apmtteHHI:lX 'tlaCTRD; 

IIOTepl! aHepro Ha 'OHH38.UD> yql!Tl:J[Ba.IOTCJI M9TO,D;OM BHpaBHliBa.IDm 

nOJI.Horo ce'tleim.R: I 4 ( no,lUiporpBMMc~ E/J L o.s..s ) . 

3. BaaHMo;n;eitcTBHe -qacTE:U c s:;n;p&m. 

3. 

B OCHO:ey MO,D;eJmpOBa:HirtR: H9YII].:,yrl!X B3a.HMO.n;eiCTBHi 'tlaCTRD; C 

a;n;paMR nqJI.oaeHa Kac~o-xcnapHTeJibHaa Mo.n;eJI.b ~oH-~epHHX 

pea.KnHi I 5/. 
IIpH aHepr:wu: Jp -:> IO raB ECllOJib3yiOTCJI nporpaMMbl /G/' 

yrn1Tl:ma.IOIIU'I9 ~KT "Jm.IUIPOBaHIDI" B a.n;pOH-a.zu>OHHI:lX CTOJIKHOBeHIDDC. 



PRe. I. 3HepreTwr~cKKe cneKT.PJ:l n:poToHo~ Ha r.ny6:m1e 200 e;cpj 
Ha no~ce <~I), Ha mHpoTe 42° <~ro-I) H Ha aKBaTope 
( )CIQ-2) • ~:tmaH cneKTp nepB~ KOCMlN9CKHX 
npOTOHOB /. 

10-12 '-;;---'---'-:::-'---'----'----'--...:_,______J 

10
9 

105 10; 103 1cf 

Tn[M3&.} 

PRe. 2. CneKTpH He.f!TpOHOB Ha BHCOTax 4, I2 H 50 KM. r:e:cTorpaMMH 
Ham pac~eT, KPHBHe - aKcnep:m~reHTa.1lbHHe ,n;a.HHHe, nyH.KT:e:p 
pesy~TaT pac~eTa 191. 

------~~-

Pic. 3. BJioK-cxeMa nporpaMMH. 
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ro~OBHSH nporpaMMa. 

BasaBaeMije nonnporp§MMH 
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T ~:: NUt:'L':O~-M:::SON TRANSPOR ... ceo~: NHCSCH COMPUTE'S THE TRANSPC~T 
cr NUCL:1N~ 1 °IONS,DEUTE~CNS A~O T~ITQNS. MONTE·CAPLO HETHCOS 
A~C EMCLJV::J 1C PROVIDE A OETnit.ED DISC~IOTION OF THE TRANSPORT 
PROGES~. H:GH-E:NERGY NUCLEON-NUCLEUS F!O~-NUCLEUS ANO NUCLEUS
~UCLEU~ ~OLL!SSIONS ARE TREATED USIN~ THE INTRANUCLEAR•CASr:ADE
:v~=O~A~:o~ ~CDEL. VIRTUALLY a~~lTRARY G~OMETRIES CAN BE 
:)P:;:~ ]!=J:'1e 
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CCMHONIHGA~r./ ANUClJ.ZNUf:l,EP:1,V 0 1.,A,C,O,T ~) 
COW1C~ !.\'WCL,?.NUCL,t.PS,VPI,N,~SIHH) ,R8!GC1Dl,QHOPC1f),RHONC1Q), 

•A~CiDl,~~ 0 (1ul TFNC1l) 

"'td~~~ ~IS'F '.,.G }~iN~~o~ENK~~' M'3: ,u /BLOK2/ATGC 3), 7.TG (3) 
CCM~C~ /BLKiOC/ ENPC3C,3) /TOGR7TGR 
•t9L~iS1/SG~~(~Q,3)/3LK102/SGPl(3],3)/8LK103/~GNif30 9 1) 

COW'1CN /2l:JKJ../ GH(5) /BLKH4/ SGPIC3f 3) 
C1i1'10N /'3l'J~1/ EGRC27) /BLG~2/ s;LNC26,6,::q /BLGR3/SUV(10,1l,'3) 

• /elGR4/SPFU(S,1i> /BLGR5/VNU(5) 
CO~~CN/9L~K7/TR(85) /9LOK~/R~(85) /BLOK9/RP(85) 
CCW1CN /BLSDA/ S0(3lt.ASC' 

• /9LOK3/R0(3),J!(3),~2C3) 
• /9L103C/AH,AHF /8l[qqq/RAO~Cl 

/8LOK13/T09RN,~OE~P /8LGP6/0LN 
/9l INE L/T!~A SC, 8 OUNDN, EOUN!JP 

CO~~ON /~R~~4 1/X1,X2,X~,~T,S~,c~,T,1,RMG 
COM'10N /1L:: .. J01/T1Y(13C) /8l10:J2/"'2XYC2DQ) 

/9l1014/ GAHC6) /8L1016/ CCC6) 
•l':L~~.:S/,~J{6) /8L1tL6/ZJ(6) lt:L;.0< 8/CLHC6) /gLif:17/VK(6) 
CC~i~ONIN:JA~T/ NEWP /VREHJII TIM;:: /09ROET/ TOBRD /T; GRDI TGRO 

D ~7AO\KG1P-=:> CNSTAT=iOOOOOC) 
.. , ( .!\ :'; 'J : i 4 • 4} ~ ( iT F:: 7 • 2 ) , ( '1 F: 91 • 7 

) t I S 0= t. • 79 , ;) • 21 t '; • ) 
+, nADNCL ::1. J), {AH=.1), CAHF=.i) 
+ , ( 8 N 1 = 1.i • ~ 1) , ( 9 N 2= 4 • 14) , ( tP!. = 7 

• 2 ~ ) , ( 8 o 2 = • 6) 
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... , < G ~~ = '3 • :: + .J ::, , 7 • 3 2 7 4;:: + ~.. 5 , a • , o • , J • l , c c r = 1 • , , < s c = o • , , c c F= 1 • l 
... , (X~='J.l ,n~=!'\.),(X3=0.) ,(TCA':C-=50.) 
+-, (T:i:C~.>, C'1=1.),CRMG=140.) 
• {(A-G=!;·~l6e ,~.) 1 CZTG=~.,a.,~.), + ~~~~ ,4Qit:.-1~~.6~,.E-3,1. 4'+3£-3 l,C OI=89. ,HJ1. ,0.) 
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Su@r-RoUi2 ~ tt ~ eL. ~ ?A-K.li cas-QNtJ , ~Q, £,"H 1 ~~ 2 I ~N ~ ., Qp 1, E> p2 , 

~? 3, N s. ~ ) - CJiy'JIGIT )tlla: ne't!aTH xapaxTepHcTmt nepBlPIHo:H 

'!acT~ H aTMocwepH 

TO~Q.N~ - ~HepriDI (MaB), HIDK9 KOTOpOH nepeHOC H9HTpOHOB 

OCYIIt9CTBJLfi9TC.fi Ha O<~HOB9 26-rpynnOBO:ti CHCT9Mli 

KOHCTaHT /B/ 

\ 

+I Hane't!aTaT:D 3aBHCHMOCT:b "npo6er-~Heprii1ff" .n;JI.fi 
pAr ~ .=: sapmiteHHl:lX 't!aCTHIJ; 

-I HK't!ero He ne't!aTaT:o 

& ~ ~ 
1 
S t\l 2. - ~Heprmi CBR:3H H9HTpOHOB B JI,IJ;pe aSOTa H KHCJIOpO,II;a 

&?-1 
1 
f1? 2. - ~H9prmi CBR:3H llpOTOHa B .a:,II;p9 aSOTa H KHCJIOpo.n;a 

e,~ 3., ~ P 3 - He HcnoJI:Dsymc.a: 

- Ma.KCHM8JIDH09 't!HCJIO MO,I1;9JIHpyeMliX npOTOHOB 

lle't!aTa.IOTCJI 

1\.TG-(-1-~) ~Tb-(1-~) - MaCCOBO€ H aTOMH09 "<UICJIO COCTa.BJDIIOII4HX 
1 

S:D(~-~) 

~0( .-t-..t) 

aTMOCWepy ~JI9M9HTOE 

- np0~9HTH09 CO,II;9pEBHE9 ~9M9HTOB B aTMOCWepe 

- nHOTHOCTH aTMOCWePH H3 't!HCTHX aneM9HTOB Ha 

HyJI9BO:ti BHCOT9 

~ 0 l3 J - MOTHOCT:b aTMOCW9PH Ha HyJI9BOH BHCOTe 

.DT l -i- ~ ) - llOT9HD;HaJW: HOHH3a.IJ;WI COCTa.BJDIIOII4HX M9M9HTOB 

R 2. ( -1- 2) - npo6er sap.HJiteHHl:lX 't!a:::Tm:J; c ~HeprH.e:H 2 MaB 
AN 

1
A M p

1
14\-Dt\l( l - napaM9Tpl:l Hcnap:iiTeJIDHOlt MO,I1;9JIH 

T0&-.2 t-l - ~HeprM, H:wK9 KOTOp0.4 npOTOHH C't!HTa.IOTC.fi OCTaHOBHB-

-I 

IIIHMHC.fi Hs-sa HOHHsaru:oHHHX noTep:o ( r--t ~) 

- TO 1t9 .n;JI.fi it± M930H0:3 ( M ~S) 
- HIDKH.f.Lli rpamm;a ~Hepru:H H9HTpOHOB ( M ~ ~ ) 
- npH ~Hepro npoToHa T ~ TG--K_HcnoJI:DsyeTc.a: KaCKa.zuiasi 

MO,IJ;eJI:D 6es Tpe:K.mmra , n \':) u I "> \ G-i<... -
- MO,I1;9JI:b C Tpe~OM 

- Koop.n;HHaTH Bxo.n;a '!am~~ B aTMocwepy 

- KHH9TH't!9CKafi ~HeprH.a: (MaB) (B c.n:y-qae, 9CJIH pac-

CMaTpHBa9TC.fi MOHO~Hepr9TH't!9CKHH ny't!OK nepBH't!HHX 

't!aCTHIJ;) 



C:i,~~~~ - ~e, ~Vl~ ,~f> -· Ha.npa.BJieHRe noJieTa nepBHlmOi 
ttaCTIDJ;ll ( OC:& ~ nepne~;mpHa K rpa.HmJ;e aTMOC{j?epbi R Haiipa.B
JieHa K llOB9pXHOCTR 3eMJIH, T.e. BEpTRKaH:&HO BHR3) 
~ - sa~ nepBHliHOi liacTKUH 
A~ - Macca 

Hcno~syeMHe nonnuorpaMMij 

/7/ 
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S U3.~0 U T: 'E ':3E N PAK <T OBRNN ,PAR,:: N:., 9N2 1 e ~3, BPi, A P2, 8 o3, N <;TAT) 
CC1~CN 18L~"K771 S0 T(9,S.:;) 18LuK881 SECP~T (9,150) 
C 0 iH1 C 't\ IT ~ 8 L ~ S I S I G M A ( 31J , i g) , A ~ G U ~: (3 0 , 3 J I T Y P E: C S I I CST C 2 8 ) , N S I C S T C 2 U 

.. I(O':FA/ ~N'<J(4,4,29) IC11Ef"3C/ e~'KJC4,4,·3l,CKJ(3,8) 
CC'1'iC~/9L()!{7/TRC85) /8LOK8/~fdA5) 18LOK'3/~PC85) 
CGWiON/HCA)C/ ANUC1,ZNUCi,EP! 1 VFi A C,'J,T~="r' 
C. Or-!Hft\ ~~U~L 1 2NUCL,EPS,VP!,N,~S'" de J ,R~IGC1Jl ,PHOP(1.!'1) ,RHONC10), 

_. ~F C iu) , , ·- P ( Ll), TFN C Hd 
•te: SIN/':::'10, ro, Tt, T2,MEI.!, "'QD., '1~:J ,LG 

CCt11Cf\ /BLK1.:LI ENP(3r ,1) /TOGRITG~ 
• I ':L l( 1 C 1 /"~ GT .. ( Z J, 3) I Al K 1( 2/ SG o T ( 3 J , 3) I e L K:Ul3/ S GN I C 3 J, 3) 
COM~CN /9L~R1/ EGRC27) IBLGR?I SGLNC25,6,3) /BLGR31SUVC1Q,11,3) 

~ /eLGR4/SPFUC~ 1 11J /8LGR5/VNU(5) 
COWiON /BLOK11 GHC5J /8LK1C41 SGPIC3r ~) 
CCM~ON /MANYKOI NKOMP IBLOK21~TG(3),ZTG(3) 

.: /8LOK31POt:n 1 "JI (3) ,=!2(1) 
COM~ON /8LSDAI SDC3J ,ASC 

I 3L1~J(. /A~, AH ~=" ISle' qgg/RAD NCL 
~ /eLCK1~1TOq~N,TOE~ 0 19LGR6/0LN 
C0~1'10't\ /'~R.,~ii/X 1,X~;..,X3,ST ,SF ,c~,T,Q,RMG 

• 19LIN~LIT~ASC,90UNON,gOUNDP 
COiHO~ /'3L.:.1~!1/T1Y{130) IBL1012/~2XV(2~:()) 

~ /~ll~14/ GAH(6) /BL1C16/ CC<Gl 
~/EL:C JS/~J('J) IBLHi_.61ZJ(6) /9LLC'•3/CU1(f>) /BL'H'i7/VK(6) 
CCM~ON/N~A~T/ NE~P /VRE~JI/ TIME /OBRQfT/ T09RD ITr~RO/ TGRC 
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S 0 B j2.o U 11:. N E.. .:l>C: Po J:>'t\.. (PA-~) AS-1::> Z?IP. ~ -R.O .R 2) 
" J ) ) 

no,IUiporpaMMa BI:lliHCJIJieT ._. netraTae~~ 3Hatremm: HOim3a.u;HOHHI:lX npo6eroB 

npOTOHOB H 1r~ M930HOB B 3aBHCIDIOCTH OT HX 8HeprHH. ~ pactraTa 

HCIIOJlb3YJOTCSi c]?OpMYJIJ:i liiTepHXaiMapa /IO/. 

3anaBaaMl:le BeJI.KtmliH 

Ac;:D 

l?T~ 

.bF 
~c 

R.'Z. 

l •I 
-l-I 

netraTa9TCSi 3HB.KCHMOCT:b "npo6er-aHeprM" 

He netraTaeTc.r.: 

- cpe,IUiee MaCCOBOe l!HCJIO ~LTMOCW9pl:.l (I4,4) 
- cpe,IUiee aTOMHoe tr.KCJIO ~.TMoc<.t>epl:.l ( 7 ,2) 
- cpe,IUiHi HOim3a.u;HOHHI:.l! nc~TeHIJ;KaJI aTMocc]?epl:.l ( 9I, 6) 
- He Hcno~syeTCSi 

- npo6er npoToHa c aHeprz.eif T = 2 MaB ( z..jc~) 

Bwra,BaeMHe Be.mrqHHI:.l 

\12. ( 1-g S") - 3Ha't!9HIDI aHeprHi, np:E KOTOpHX BI:.lt:.m:CJIJ19TCJ1 HOHH3a.u;HOH

HI:.l:tl npo6er 

~ N( 1-t?s) - sHatremm npo6eroB ,14J.Iff npoToHoB 

~( 1-f? S)- TO. Jlte ,IVIff '1\ t... M930HOB 

\ ! 



c 

~ 
.J , ... 
. _, 

i1 .. ., ......... 

4 

1) -l 

/9LOKg/RP C 85) 



~UOMVI~'=. ~A-'1:: N ~Q C~\~llJ ,\)c;.;I'A-T ,CO~\ J ~~ -i, e,\1-J?..J 

\?lll3.l ~p~, ~2 1 \W::s) 
Ynp~maa no~nporpaMMa. 

3a,na:saewe Be,mrmHH 

1""0~~~) ~c;.~\) CON\} ~1\)'1, i;N '-,~N3) ~-?~) 'P->9--z. ~~-?3 

Mcno~syeMije nonnporp§MMH 

S:?SCTRJ T~~\->-A-i< > S...NL0!-'5.~ 1:-•·Y~.L-s:N,~ ~LANC-L> 

Loc!'.'il) ~~~~ >c~~~"-> l2n-~ L 'S.'P'lS.BC' r-nA •. 
) ) ""~> 

su ~'I, S.vf'::>, ~co ~l::>) ~A-J u}'\ 

IIpge-qa,mm 

I . BHs~maeTcJI HS ~ kC ~ c H 

2. He OnHCa.HID.ie B ,IJ;a.HHO:ft pa6oTe rro~nporpaMMH CM. B /II/ . 

• 



OPT=1 FTN 4, 6+ 46,., 

SUJ~OUT:~E M~!N MCCTOBRNN,NSTnT,~ONT,eN1,8N2,8N3,8°1,BP2,eP3) 
-H: MAl~ SJ3~CUTINE 
C~MMON lgLJK77I SPT(g,6[1 'gLQKS81 SECPP1(9,1Sf) 

""IT43LC~I s:St-tAC3G,19),ARGUS(3) ,31 
_.ITY.,t::C'?I !"::STC28) NSICSTC21l 
ICO:-:~=" II ANKJ lltt4t~9) ICO::F9Cl 9N(J(4.14t8l~CI<JC3,8) 
COM!iC ~ IHCA)GI AN LCl, ZNUCit. EP1l V P~ ,A Jc l u1 T n 
COHMON n'Ju~L, ZNUCL, EPS,VP.._ ,N, "'(SM (10 ,rd31G (1ft), RHOP(1C), RHCN ( 1'.H, 

' A F ( 1t l , - '= P ( 1C ) , TF N C 1 u ) 
I q:r; IN/C:'1G, TC , T1, T2, MEO, Hn C, M '3:~;, .0 
C CW10l'I/N'-1A1-I NEWP /VREHJII TIME /OBROET I TOJ:?RD ITOGROITGRD 
CCMMON/~'T:NE/KK IHANYKC/ ~KOMP /HEFTS/ FISPL 
C::lMMO~ /9LK10C/ ENP{3Cl,'3) IT!JGRITGR 
COM~ON /ELOK11 GH(5) IBLK1~4/ SGPIC3f,3) 

' I ELGR4/S PFU( 5, 11) /9LGR5/ VNU C 5) 
" I ~LI·<i j 11 5G 'H C 3 C , 3) I BL K 1G 2/ SG P i ( 3 ' , 3 ) I 8 L K 11 3/ S G N! ( 3 ~" , 3) 

CCM"!ON /1L";Ri/ EGR(27) /9L\,R21 St;LNC26,6,3) /BLGR3/SUVC1J,11,3) 
CCl'lti0./Jl_OK7/T;((85) 19LOK8/R:H85) /8LOKg/P.Pf85) 
CCM'1Ct\ /ELS')AIS0(3) ,ASD 

" /l3LOK3/ROC3), DI {'3) ,r~5(3) 
""/BL'1K21~ ... G(3},ZTG(3) /PMABSR/PIMR 
"" /9Liu00/A~,AH~=" /AL£:gggiRAO~CL 

J8LOKi31T08RN~..,OE~P /8LGR6/0LN 
I 13L ... N~ l/T!:ASC, B CUN!JN, BOUN OP 

:.-Jt-j~-:l~fi/ Xi.,X2,X3,TC,SF,CF,T,G,A'1P 
~ /WRFRINI WPIN(9) /WRPRI WP(9) 

I GO:) LT /G JT /Bl OK11/ P OGL IBLO K 1 ·/PI2G /PR ZVNL/VINEL 
. /8LOKRT/C .. R,S~="R,CFR,STR 
~ IBLFUS/ FUSION /3L10031 U,Ar,z 
c:o~~MC~ /'3L.:.JJ11T1YC130) 18L1!1J2/""2XY( 20J) 

/9L1014/ GAHC6l /8L1G!ol CCf6) 
'' IR:L ':~/AJ(G) /BL10f6/ZJ(6) I!JL:.OD8/DL"H6) /AL1C171V'<C6) 
_.IN 3 ~ C SIN 1R JS 

~ JM ~ f\ S J 0 N S R ( 3) 

13/ 

JJM:NSICN 3NIH3Q),SNI2C3C) Sf\I1 3iil £t\1<3!Jl Ef\2C3d EN3(31J) 
£:r.:JJVJ!l~~CO::CSGNIU) ,SNii(i)J, (~G~II<3l> ,SNJ2d)), (Sf.Nit61) ,SNI3(1)) 
-:CUI V ~ L: NC: ( ~ NP ( 1) , EN1 ( 1> l , C EN P ~ 31) , E N2 { 1) ) , (EN P ( 61) , EN 3 ( 1 ) ) 

D tiT~ CR.ONDZ='l'JJ!'!31411u5364621171Bl 
CALL ~[M!NtRAf\DZl 
CtlLL sr:r::cr~ 
C tiLL G~A ''1 
N r.3RJS=~ 
DC 777 J1=1tNSTAT 
C tLL ~'C'1'Jtrl!:!NUM) 
Qtllk 'SEC1N1(CT) 
.. T=:.' • 

S~L~~TI'J~ JF INGULAR AND ENEQGETJC CHARACTERISTICS a~ A N~W 
PAR ... rcu:: 



~ 

'·' 

iS "_ .. -.. { :. .... ~ 
•j ~ 

..-~ 
") 

!.3'3 
"2 3 
··.1 

.' j I . j Cl-' ;=1. 

G D:T:R~INAT:CN CF THE CHA~ACTERIS1ICS OF SECONDARIFS 

C ~LL H ~L !'~ 
C 3TQ~ING ~A1~!CLES IN TO THE M~MO'Y 
.~ 

' 

" .J ... 
J 

r 
J 

I"' 
;_,/ 
I"' 
.J ..... .... 
26 

77"'' 
., 75 

38 
77 .... 

. ) 

~~H;~y 7) ~~o~v OR NOT 

IF(S~CF~T( 7 ,1))777,777,26 

C~l!C~ a- ' N~W PA~TICLE FRO~ THE MEMORY 

3T~"P 
P:TU?!Ii 
Ct-.J 

'" Ls., 



SoBWU'\W~ <;.'\Jt?:c~ c.JJ:yJICHT .ItiDI posi:U'pbima aHepro nepBlft!Horo 

n:poToHa c yqeToM MarHHTHoro no~ 3eMJIH. 

3a,na:sa9Ml:le BeJIKtniHH: 

~ ~S. - liHCJIO CMO,IJ;eJIHpOBa.HHbiX npOTOHOB 

C:s, c ~ - ~ 3 f, ~ lt. -f:; j - reoMarHHTHa.a: WH.POTa 

t LOG-(1-.U)- JiorapHWMH SHa'tleHHH aHeprHit ,ItJIH HHTepnOJif!IJ;HH cneKTpa 

B 06JiaCTH ~..::: 3,8 raB 
. \llOG-(1-~ - COOTB8TCTBymii{H9 HM .1IorapHWMH SHa'tleHH! cneKTpa 

BH,lia:saeMHe BeJilftilllil:i 

~ ~ - HOBOe liHCJIO CMO,IJ;eJIHpOBd.HHbiX npOTOHOB ( B TOM 'tlHCJie 

yqHTbiBatOTC.fi H npOTOHbi, OTKJ.[OHemm:e MarHHTHbiM nOJieM 3eMJ.m 

T - KHH8Tlftl8CK8Ji 3Hepr:w:I (UaB) 

Mcno~syeMHe nonnporp§MMH 

A-I<S!t--\~ - B:bNHCJiemte HHTerpaJia 'nO M8TO,Dy CHMIICOHa 

llo,n;nporp8lVlMa HMeeT ,n;Ba Bxo,n;a: 

Syt C1 ~ HCllOJI])SyeTCH ,n;.rui B:DNHCJIEIHM BCllOMOraTeJI:bHbiX Be.Jlli'IHH, 

H806XO,n;HMHX ,n;Jm MO,IJ;eJIHpOBamr.FI; ,n;.ltB: MO,IJ;eJIHpOBa.HIDI nepBlft!HbiX 

npOTOHOB HCllOJI:bSyeTC.fi BXO,IJ; S?t; C..\.~ 



i)/7) ';PT=i 13 

?' --· 
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.1 

s ,.... 
\, 
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~ ~ -- ) r 
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=-.J 

6 
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S. u l':O eDv \':t-l-Ya. S-~ L D ~ 

ITo.n;nporpaMMa ~ Mo,neJIRpOBaHHH npo6era -qacTHD;bl ~o BSaHMo.n;eicTBKa, 

OCTa.HOBKH H8-3a HOHH38IU!OHHHX IIOTepb HJlR pacna.n;a ( B CJIY'Iae 

"tT~ M930HOB) 

3a.n;a.BaeMHe BeJDGHHH 

~p(..f-~ )-,c r1 IT - KOOp,II;HHaTH 'tlaCTHD;bl 

'v\1 p( '1-b ) - ~ e , ~ ""f, ~ f - Hanpa.BJieHHe noJieTa -qacT~ 
WPC~) - sHepru (MsB) 
WY( S') - 3ap.E:.IJ; ~aCTHD;bl 

~ PC'1) - Macca -qacTHD;bl (MsB) 

rR(1- is) t<.N(1-fs), ~ \-) ( -1- ~s) - xapaKTep:a:cTRKH HOHH3RpyiOOtei 

J CIIOC06HOCTH 'tlaCTHD;bl (OM. \~ Xit-l P~) ' + 
~~ )~p - SHeprHH o6pe3aHHFI ,IVI.fL npOTOHOB H 1l- -MeSOHOB 

(eM. ~~PA~) 
EN UC. - SHeprM (MaB) ,npH KOTOpoi Ce'tleHRe B3a.HMO,ne!CTBWI 

npOTOHa HMee~ MaKC~anbHOe 8Ha'tleHHe 

e ~ - TO Jlt9 ~ 'ir -M930HOB 

BI:l.IIa.BaeMHe Be~HHH 

- npRSHaK norJioll{eHliiff Me.n;neHHoro 1\- -MesoHa SI,D;pOM 

(+I - norJiomeHHe 6RHo) 
- npRSHaK pacna.n;a 'Ti 0 

.-, 2."t) wm: 1i :L_.f"'.t +Y 
(+I - 6RJI pacna.n;) 

- llpH8HaK OC~aHOBKH IIOJlOKHTeJIDHO 3ap&EeHHOi ~aCT~ 

(+I - ~aCT~a OCTaHOBHJiaCb) 

- xoop~aTH ~acT~ B KOHUe npo6era 

- sHeprHH ~acT~ B KOHUe npo6era 

- sHa'tleHliiJl zoHHsa.IJ,HoHHoro npo6era sa:paJKeHHo! ~acTHD;bl. 

HcnOJ!bsyeMije nonqporp§MMH 

tJc.wece> our, '2~Lt\\ 1\?\2-.c\ON 1 }>~ss.vA) :t>Ll'N~, 

E. f\l C H A , t> -2 E:: c;. -=r 1 C.. .eo ~ ~ -r 

]Jpgellrume 

ENLO<;~ BH3HBaeTCJI H3 MAIN MC.. /II/ 



P~otc. 4 EnoK-cxeMa posblrpblma npo6era sapRJKeHHbiX 'iaCTHQ 



::r: CNLCSS OPT=i 

~ rc~-T~: AU{ILIARY PARAMETER U~EO HERE AND IN PPQTON 
',J 

:.'L: 
4 

0~7 o ...... 

-... 



~ 

:._I ,... 
-~ 

' .~ 

'._) 

(' ., ,.., ·., 

3 
W":l( l) = 2. ~:.,LL PROTON $~ETURN 
GQ!J•INL:: 
'.;X::";M OI<:>!NC3)) 
~:=1IN1.('.~':)[7) 1 T.'R 1 RN,85) R':o:.::::H ~l·-lfJ::WPlN(-5) 

HX-SCOQJ!N~TE {Z) OF THE INITIAL PO!NT 0~ A PARTICLE CALCULATED 
I ~ 'Hi l1 '3 IJ r. ( G I CM _.,."' 2 ) 
q:a-~C~QL :JNlZATION FRE~ PATH TO ~EST 0~ A PAQTICLE CALCULATED 
GtlL":ULt!T::O IN UNITS OF (G/Cf'P'·,.2) 

1::;: C CNT I~ L-,... 
· .. ) ,... 
O_J 

c 

~.J 

G ,... 
··-~ .... 
'J ,.... 
'' ,... 

J 

c 
G 
!" 

J .... 
. J 

,... 
;_; ,... 
~ . .1 ,... 
·J 

oqo~c~ ~~E: PnTH SIMULATION 

3 =RtHM -U '3!3l·=-ALOG ( 8) 
T~A~E=~A1SJA(S4Q.,ENUC,3l) 
rr-(~~~C~.~l·O·> GO TO 1i 
C ~L L HE STOIC) 

J:T:q~IN'T:ON OF TOTAL ICNIZATlON F~EE PATH INCM 
CQLCULnT20 IN UNITS OF CCMl CC~RESPONOING TO REO 
WC-~C0~1!N~T~ (Z) OF THE ~INAL POTNT CF A PAQTICLE 
;c-·cTAL IJN!2ATION FRE~ PATH TO REST OF A PARTICLE CALCULATED 
II\ UNJT":; 0!:" COH 

R~=Q8SC(WC•WOl/WP(4)) 
Ir(T~JC:.G:.RC)GCT017 
GILL NEWS01t~;ACE,!) ~GQT0i9 

j,"" !;i~LL ~~WGOHRC,1> $WP(7)=f\. 
J.. f-.=!. 

:l.g CftLL Cl ... (WO{i),WP(2),WP(3}) 
1F<:;cr.s::. :.> GO TO 9 
:~<IM.G•.O}GCTC71 

7!. 

9 

4 ' ; 
.:.1 

T~AS-~l-10~~ ~~EE PATH CALCULOTE~ IN UNITS OF CG/CM••2) 
l·n-SCC~D!Ni\TE (Z) OF THE FINAL PO!NT CCJ:(Rf.SPONCING TO FREE !=I!TH 

WY=GM(W~{3)) ~TRAG=ABS((WY-WX)/WFIN(4l) 
~:=~E-iRAG 1WC(7)=£NCHA<TRACf.,t) 
:FOP: (7) .L ~.TC8RN)GOT01(' 

HA~!~G A~ INT~RACTION OCCU~ED 

rcc~~t~(-il.LE.CROSSTf1,g4Q.,~n(7))/CROSSTC1,940.,ENUC))GOTC41 
1-0=~H '!'O=JL!l\ACWX) $GOTC90( 
!I='('P=nl .L -.r1.1GOT04t 
WP(3)=P<f1l ·CALL P~O,.ON $R=:TU~N 
H P ( 1) < • :. :ALl PR 0 T 0 N $ R :r URN 
C~LL ~~QTQ~ ~~ETURN 

.( POGL=1. 1 S:'lLL PROTON $ R~="TUQI\ 

~ 
.~ 
'•J ..... 
' 

c 
.~ 

J ,... 
. ' 
:"" 
·J .... 
'J 

~·. 
A ~ 
..1.-l. 

7 

12 

W ::en:·~. ~ G"lT=1. J) CALL P~OTCN 't RETURN 
C O'f;! N L'O:: 

~! HESCN P~TH SIMULATION 

WX=G~ OPTNC 3)) 

~~~~~~ ... ~~s~~bf~1!f?,aSJ 
JH:'4= 1 "': J 1AX=.i 

HX-~CCF~:N\•~ CZ> OF TH~ INITIAL 0 0INT cc A PARTICLE CACULAlED 
I~ LI\1T') o~ (G/CM++2) 
~:~·TC7Al :oN!ZATIJN ~RE: PAT~ Tc ~EST oF A PARTICLE 
C tU~Utr-:o IN UNITS OF (G/GM••2) 

J=~~FJ~(-1) "1BL=-ALOG(8) 
P ; A 'i c : E L ·~ 7 i 1J • 4 5 • S Q RT { W P ( 7) ;;: ( W c ( 7) + 2 8 L • ) } /14 n • 
3 =~ 'WN (- i) 1 ::t=-AL OG ( 8) 
T "' A "; c = F 4 S S I A ( 1 4 C • , E P I , 8L ) 
!r.(~KH:-:.:1.0.) GO TO 1Fl 
C~tL o;~)T(Wr,) 

:ET~~HIN~T~CN CF TOTAL ICNIZAliO~ FREE PeTH IN CM 
\-JC-'":COr:<'J:NHE CZ) OF THE F!N!.\l PCINT CF A PARTICLE 
C~L";Ul~T-:o IN UNITS OF CCM> CC~RESPONOING TO REO 
~c-·o~AL IJNI2ATION FREE 0 ATY TO REST CF A PA~TI~LE CALCULATED 



..,.., 
i.... '* 

7'11?1 OPT=l FTN '+e6+46J 

T~AG-~J·!o~S ~~EE ~ATH SALCUL~T~O IN UNITS OF CG/CM••2> 
'n-con1:N:\~:: CF (Z) THE FINAL 'OINT CORRESPONDING TO F~E~ ~tTH 

·~V="il" (W 0 ( .3)) 1TRAG=ABS ( ( WY-WX )Jl~OIN(4)) 
RE=R~-TR~G ~WP(7)=ENCHA(TRACE,2: 
I FC~P (7} •L :.TC8RPlGOT014 
::~lS=r:~RG+ ... ~Ar::F.: 
I~C 0REG.GE.PR~SP) GO TO 15 

13 



,F-utJ c.,-:t ON PA c;.~ "'A C P, Q I '!.. ) 

BI:ltmCJieHHe npo6era 'tJaCTHIJ;& B aTMOC{j?epe .IJ;O BSaHMO,n;eitCTBHH 

Sana.:saewe BeJll!'mHH 

P - Macca -qacTHI.J,Ti (MaB) 

Q - .IJ;Jl.ff HeifTpaJil)HHX 'tiaCTHD; - KHHeTH'tieCKB.R: SHeprHH, .IJ;Jl.ff 

sa:pmxeHHWC - aHepr:wi, npH l~OTOpoA Ce'tieime BSa.HMO,n;ei1CTB:wl 
MaKCHMaJil)HO 

X= -~ 3 : \ - pa.:sHoMepHo pacnpe,n;oJieHHoe B HHTepBaJie ( 0, I) -
c.ny-q:a!Hoe ~HcJio. 

B:wra.:saeMHe BemHHH 

P . .l\SS V-A - npo6er .n;o BsaHMo.n;eitcTHHH B (eM.) 

Hcno~syeMije nonnporpaMMM 

PLO\~) ~S..~T 

P-1\ S. S \} ~ BHSHBaeTCH HS E. ~ L 0 S.. S. 



'"' \, 

,.- ) ·' r , 

Q Ie V IS ~H~LL~~ THAN -1 THF ~;EE PATH IS IN~INITE 
-' 



"' ,~,-,-- .. ~. --rn::rr-=...--------------'1""""1"'!--"!!!"f"""----_...... 

IlO,IUipOr:paMMa MO,Il;9Jm:p0Ba.HIDI HCTOJ>Hii Im3K03HepreTHtt9CRHX 

(T < I0,5 MaB) H9HT:pOHOB Ha OCHOB9 26-rpynnOBOi! CHCT9MH 

KOHCTaHT /S/. 

3ana.BaeMDie Be.Jml!mw: 

'W?( ...f-.9) - KHHeMaTKt:I9CKH9 H KBElHTOBb19 Xapa.KT9pHCTHKH 

'tlaCTHIJ,H ( CM. & N LO~. S'.) 

Mcno~syeMHe ngnnporpaMMN 

~E..\1\J C 0?..) PLO\N , ~~ e 0\'; :!:~~ G-L > 0\5\ > Qi:"~ \' 
} 

'Z A-? o L N ) R.N ~ 

lip:HMe'tlaime 

Los_ NT' Bll3b1BaeTc.R: H3 H ~ 'l:' l'J M.':l 



"'"' ' ·' ..... 
' ~ 

..... ... 
(' 

' , ... 
' 

G 
(' 
J ..... 
·.J 

c 
~ 

' J , .... 
. ' 
~- .J 

(' 
·J 

7 
~·! 

..... 
~ 
" 
,... 
!..J 

4 -

5 :> 

.... 
} ... 

83 

~ 
., 

8 .:. ..,. .... 
] .; 

73 
7 ~ .... .., ., 
' {-

S! G- ~= )';L ~ ( NGRUP, 1, I<)+ Sr;L N ( Nf; 'WP, 3 , K) + 
•1- "3 G L N ( N C ~ 'J 0 , :. , '< ) + S G L N ( NG R UP , S , I< ) • <1 • - S G UH N G R U P , 6 , K ) ) 
DHC'<)=~:~T1•CLQTN(WP(3),K)•S~(I<)'·0.6G25/ATG('<) 

S 1-~= ~J.J"!"+A HK} 
CON~INL;C 
A ~= '~ P C 4) I G ·~ C) ! A J = RL /S f1T • A~ ~ ; 'R = W P ( 3} 
COST=WF('.t) 

!J:" ~0 JS S LRLER THAN -i ,nART JCU: LEAVES OUT or= TW=- ATMOSPHEt1E 

IFC~t.t:.-~.l GO TO 356 
S:L:CT!:~ )F ~REE PATH 
P~01FG=~LO~(i.+AOl/AR 

C~LGUL~T!O~ OF THE NEW CCOqDINAT':~ 

C~ll N::W C)::{ (PRG3EG,1) 

::nLL 2li 0 JL.H7",WP(3) ,WP(7)) 

VE~IF,IN~ ~HCTHER THE fNQ 1F THE FRE£ FATY IS IN T~E ATMCSPHERF 
0 k NC""" 



;"' 
. J ,... ., 
"' :, 
c 

..., 
'J 
..... 

'"' ;"' ., 

"' ·, 
..... 
' "' ., 

,.. ., .-

,..., 
'··' 
"' :._I 
.~ 

J .... 
J 

,.., 
' ..... 

s: 
61 

7"! /7" ... '. ) CPr=1 ~TN ~+.E+4EJ 

A Hf3l :S';UHNG~UP,4,NK> ) AHC4)='lGLN(N~RUI=,5.,NK) 

~H{1)·C?lS~ S~CTION OF I~FLASTI: SCATTERING 
lHC~>-C~lS~ SECTION OF ~L~STI~ )CATTER!NG 

~H 4) =.AH !4) .. ( j. -SGLN (NG~UP ,6 '~K I) 
sr::s=Jlf(':.) ': ~INL=AHC3) -~ St:L=AH4l ! SCa?=AH{2) 
'1C q .J=":,4 

f3 AHCJ)=~YCJ-1)+AH(J) 
8 =0 ~H:\I 1-:) . ., ~H (4) 
Z = :-p ( ::! ) ~ ~) = S 0 RT ( W P <1 ) ..,. ..,. 2 + W P ( 2 ..,. ... 2 ) 
S e:s = ': F: )/ ~ H (;}! SCA P=SCA P/ AH C 4) ·; S T NL = S INL/ AH ( 4) ~ SEL= SE L/ A H ( 4) 
:JC 1 ~ =:, .. 
CHO!C~ a~ ~H: INTERACTION TV~~ 

! F ( 3- ~ H J) ) 1C , g, 9 
GC TCC1i,~~,)~,41),J 
CC'HINV: 

!!:'?(2) =~ 
r, c -o n 

:;:::(3) =: 
DC 12 "'=i,:J 
,3~( J)~=s~·;u~NG~UP,NK) 
J-~ 1. J--_,_, 
) V C j ) = ~ V ( J • 1 ) + ':; V ( J) $ W= SV ( i '~ l 

::1-1:c~ IJ'= 1:r:CNOAR!ES PRGCU~':': I'J THE INELASTIC 2EI\CTION 

~="!SSICI\ 

GHJ:CE o~ -H~ ~NERGY 0~ A NfUT;ON CREAT~O IN TH~ I~~LAST!C 
sc.\~T:'-"":''ir; ·p ~rss:oN 

~GLL 1~~~SL ~ WP(4)=ANGL(i) ~ WP(5)=ANGL(2) ~ WP(6l=ANGLC3) 
HPC .. ) =i"J~U~(~~G;;>up,L_ +IPR <:!.}) "; GO TO 77 
:c Ji ,·=·.~,;; 
--(-P..,.f .... ])),..~ &~ -, 
tl~ l~! ,.:~'T 7;~, (tb• 
I • - .) .. , , • 1 (} 't 
C: C~T I "l l r-: 
'=?-:tr~ E3 ~';a -ro 51 
'='C';'1A'T ~~ ;:,"!SI-LOW-2NEJ:?GV N:::UT~CNS MASSIV =xGf£DE!J) 
H 1-='1+ ( 1q-z> 
CH1IG~ 0- -y~ CHARACTERIST!~~ 0~ rHf FROOUC~="O NfUTDONS AND 
s~l1I~C TH:~ INTC THE MEMORY 

:c ;:; J=,I,F1 
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6S 
G 

"' '"' 
8 3 .... ... 

.~ ., ,.. 
'-' 

5) 
9 

9: 
'11 
13 g.:. 

G C 70 5~ 
!F(1~T( 7 ,!))8S,8g,gJ 

~tl-.. -.f_,...,... .. f'J) 

C~OICE o= -~E FOLLOWING 0 AqTICLE FROM THE MEMORY 



{:.v~CTI:(f>,.j ~~CHAr l ~~ )~) 

BHllHCJieime HOim3a.IzyiOHHiiX llOTep:b !3apHJKeHHH.X 'tlaCTID.'.{ Ha 3~a.HHOH 
~He npo6era 

3ana.Baewe Be.1llftmHbt 

e_s.o - npo6er 'tlaCTH.nhl ,Il;O OCTaHOBKH 
~C£ - BeJIH'tlHHa npo6era 'tlaCTHIJ;ll ( .e I cNf) 

S I - paccMaTpHBaeMa.a: -qac:~HD;a - npoTOH 
T :: -\-I - paccMaTpHBaeMaJI qam~HD;a - 1\±. MesoH 

T ~ ( 1-iS) g_N ( -1-~ J") ~(1-iJ) - Ta6Jl:PIIJ;El 3a.BHCHMOCTH 
) ) 

"npo6er-aHeprWI" (eM. ~?oD 1-.. ) 

BgnaBaeMhle BeJIH'tlHHH 

B.-tJCH A. - rumeTnecxaa: aHeprWI 'tlHCTH.nH B KOHD;e sa,n;aHHoro npo6era 

McnoJlbsyeMHe nonrrporp§MMH 

Iloge-qrume 

't:tJC HI\ BHSHBaeTC.ff H3. 6. ~ l o<;.~ 1 f>~)O j 



!'.Ji ·~,:J·~ 

~ 

!_.1 

:. , '- t-' i = .l r-' !'I -.. CT-'+0 .J 

~u~ST!C~ ~~GHn(T~ACE,I> 

C~L:Ut~·ro~ 0~ TH~ KINETIC EN:R;v OF A CHAQGEO PARTICLE 
A ... ~H;: -:::\11 'Jr ?.ACH ZONE 

C IDN C~~IiE~ ~~~RE THE CONT~OL CJMFS FRCH (PROTON OR ENLOSSl 
~ 

4 

6 



·~uN C.'\2010 ~(~) 

npeo6paaoBa.HRe r.ny6mm ( CM ) B ~·o~ut""H~ ( e I crvf) 
r 

TOJIIItHHa = s g(-r \) ~ t' 
0 

3ana.Baewe BeJm-cmiiii 

~ - r.ny6IDia (eM) 

RO{ 1- ~) - 3Ha"tieHBe IJ.JIOTHOCTH N) 0 I Boa.nyxa 
<;.f.{ ( 1-s) - napaMeTpH aTMOCq}epH ( CM DUI ) 

Bl:U{aBaeMHe BeJIKtmHli 

G-t4 - TO.JllltHHa ( z.. I cNf) 

Mcno~ayeMHe nonnporp?MMH 

PLo 1'"N 

llpHMe"l!a.HRe 

~ BH3HBaeTCH H3 



Fu tJC...'\l:"10 ~ mLT"N ~ c ~) 
npeo6pasoBa.Ime TOJIII(aHH ( z I cNf) B Jt.JIHHY (eM) 

~\..."l:""N.A 

z = ~ ~ (~ \) o( t
1 

3ana.Baewe BeJlK!U+HH 

Q.o{ tf-~) - SHa"tfeHWI IIJIOTHOCTH \\, J 0 H BOS,IJ;yXa Ha HYJISBOH 
BJ:lCOTe 

G-H (A-:s-) - napaMeTpl:l aTMocwepl:l (eM. OuT ) 
-~ - r.ny6HHa B aTMocq>epe ( a I or?) 

Bw:rcmaewe Bemmm 

McnOJIDsyeMRe nonnporp§MMH 

?LOT~ 



7)17) 13/ 



~LO'T~ (!?; J 
BlltmCJieHHe WIOTHOCTR no 3a.II;a.HI:o:tt r.ny6RHe ~ 

3ana:saewe BeJllfClmw 

~O( -1-l.>) - WIOTHOCTH N , \.0 ) E03,ny.x:a 

2_ - r.ny6RHa ( CM) 

QH( 1-s-) - napBMe.TpH aTMocwepa 

Bwr§BaeMije Be;nrqmw: 

Pl DIJ - WIOTHOCT:D ( z I cM3 ) 

IIpme;m.HHe 

PtonJ BH3HBaeTc.a: i3 n/n J) L I:N A > 8 ~ LO ~S 

• 



I" 
"-.' 

Fl~CTICN ~L8TN(Z,Kl 

C C~LCULOT:O~ a~ THE ATMOSPHERIC JENSITY DEPENDENT ON DEPTH ..... 
' 



~u~R.o'-''i+I'Ja.. ~ 

Paa6:a:e~me aTMocwepH Ha cJioH TOJIIIUIHO~ IO z/ cuf 

l (--t- -fo.o) - aHa'leHIDi rJJY6HH ( t2 I c~) paa6Hemm 

R'2.( -1-1oq - cooTBeTCTBYJOinHe 2- aHa'leHIDI rJJY6HH (eM) 

Hcno&eayeMije nonnporp§MMH 

l)L rN-A 

IIpge'lamm 

I. G12.-AM BH3HBa9TC.fi H3 N 1:\-'bJ ~-\c_ 

2. 3Ha'lemm 2 K 1a '2. - ne'laTa.IoTca 



/ J, ' ) ------ ---~ 4e6+46J 

) U :n 0 U 1 : '~ E r; 7 H~ 

... ~ANSFn"!A-T'JN OF AN ATMOSDHERI~ DEPTH IN U~ITS OF G/CM""""2 I NT J G ~ 

1 



~Ut?>R.,Ol)TL.f-J B P~ Sl (w ~) 

0np9,I1;9JI9IDI9 2 KOOp.D;HHaTl:l B ::tOlm;e HOim3a,uHOHHOrO npo6era 

SanB.BaeMJie BeJmpuw 

~ D - npo6er SapHJiteHHOit ·:raCTml;H )J;O OCTa.HOBKH 

'"'N "j... - Ha"tlaJIDHaR: 2- -KOO},IJ;HHaTa 'lacTmJ;H ( CM) 

g~(I-IOO )- sHa"tleHIDr Koop.D;HHaT., (eM), pas6HBa.TCJQHe aTMocwepy 

Ha CJIOH no IO ajcNtJ (eM ~M) 

Bw:ra.:saewe Be.71Ji{tlmm 

'\fV (_ - SHa"tleiDie ~ -KOOp;IUma'L'l:l B KOHII;9 HOHH3a,uHOHHOrO npo6era, 

wm Ha rp~e aTMOCW9)H, ecJ.W -qacTmJ;a Bl:lliJJia sa npe.neJIH 

aTMocwepH. 

Hcn~syewe nonqporp§MMH 

l> \...--:nJ ~ 

IIpge"tla.HRe 

~Q6ST Bl:lSHBaeTC.fl H3 EN LOS. S 



0PT=i 

:Ul~CUl:~: ~~:~T(WC) 
C:'Jt-:t·1CN/\P01/W'-{9)/R.Z/RZ( 1CCJ /<:.: C/;:,EO,Rr:,IPN 
S 0!' '1 G N I: ·~ T -:~ I W X 

J-::r:~~!~P":CN t::F THE COOROINAT~ (!) OF THE ~="INAL P0!NT 0~ 
~ 0 ~~TJCLE co;~ESPONO!NG TO T~i TOTAL IONIZATION F~EE PATH 
: N CM 

$WY1=WX+q£.1!l !<IP ( 4l 
CTOi 
OT02 
~RETURN 
~RETURN 

13 



~ - rJ.IYOmia 'tlacTm:J,H B ( cH) B aTMocwepe 
'j.. \J - He HCTIO.n::D3yroTC.R: 

I I 

G+t \ 1\ ) - TOJIIIUma aTMocwep:a (50 KM) 
C$1-( (. ~ ) - napaMaTp oZ aTMOC{]_)epH ( OM ( 3) ) 

~ {3- 'S) He HCTIO.n::D3YJOTC.R: 

Bwra:saer..me BemmiH 
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.Sui~R...ou!!.~'B. 2~\=>0L~. (~o)~-1J1) 
!Io~nporpaMMa ,nJIR 38lmCH TpaEtKTOpHi1: He~pOHOB Ha BHeiiiHH:ti 

HOCHT9JID ~ IIOCJie~e:ti KX 06pa60TKH. 

3ana:aaeMl:le Be~HH 

;I 0 - KOOp,IUIHaTa .:;? ( CM) B Ha~aJie npo6era 

2-"( - ~ - KOOp,IUIHaTa ( CM) :E KOHIJ;e rrpo6era 

T - KHHeT~ecKaH sHepr:wr ~aCTHUJ:l (MaB) 

Cc>S\ - ~9~ 9 - yroJI M€JKJCY OCDIO 2 H 

HaiipaBJI9HH9M ITOJI€Ta He:tiTpOHa 

N &¥-o .S.. - HOMep nepBH~Horo Mo~eJIHpyeMoro npoToHa 

~~ (1-loo)- paa6HeHE:e aTMocwepu Ha cJioH no IO ?./en? 
(eM. G-~A-M) 

!tv\I~ 1:IMA-'f. - MmmMa.JIDHH~ H .Ma.I\CHMaJibHHlf HOMepa CJI09B aTMOCW9pl:l, 

B KOTOpHX H8XO~KTCH TpaeKTOpHH 

:CA = 

I - SanHCHBaeTCH ~a~a.JIDHM ~aCTD TpaeKTOpHH, 

~eJIHKOM JI9Eamaff B O~OM CJI09 

2 aanHcHBaeTcR qacTD TpaeKTopHH, ue.JIHKOM 

rrepeceKaJOII{M .~-oJ!bKO CJIOeB 

3 - 3arrHCHBa9TCH KOH9~HM ~aCTD TpaeKTOpHH, 

U9JIHKOM Jiexam~ B O~HOM CJI09. 

!M 
1 
l. J - Ha~a.JIDHl:lH H KOH91IH:lH HOMepa CJIOeB, B KOTOpHX JI9JmT 

3aiiHCHBa9MM "tiaCTD TpaeKTOpHH. 

A~ - KoHe"tiHa.ri ~ -Koop;umaTa He~poHa 

- KHH9T~9CK8.fl 8Hepr:m He~pOHa 

- ~6>; e - yrOJI MeJK,II',;T OCDIO ~ H HaiTpaBJI9HH9M 

noJieTa HeH:TpoHa 

- ~OJIR CJIOH, nepeceKaeMa.H: H911:TpOHOM 



I. 2APOL~ BH8HBaeTCH H8 6-~L-OS.S., LOE.N\ 

2. Ha BHeiiiimi! HOCHT9JII:, 8amiC.HBaiOTC.ff I:. 1'--t:r ~) 1.. M A A 1 A J: M 
) ) ) 
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SUl~OUl!~[ ?tPOLN(Zw~Z1,T) 

~O::GIST;~TI1N C!=' THE CHA~ACTE;1 iTIGS GF THE N~UT?ON DROCUCEn IN 
Tt-'C:: A"r~')";:l.f::7: 

CCHHCN/7AP/COST/RZIRZC110)/NB;~S/~9ROS 
CCHHCtO:::J~I!M ,CL 
CCHHON/W~~l!N/WPIN(9) 
COM~O~JHGUIS!,COS 
:: r: C ~0 • E 1. G • • A~ C • Z1 • E Q • 0 • )~ E T U ~ ~ 

r:: -T'HE INl'-:X CF THE ZONE WHERf: THEI~ITIAL POINT 0~=' THE NEUTRON 
it::AJACTO~Y !S 

!~J~ J=i,iiJ 
I FC H • c~ .C •• 1\~0.Zi.LE.RZ (J ll GC"'OS 
CQt-.l-:"!Nt.:~ 
UT~i.V::.o,. lGCT010J 

Ii--H~ T~D:X c~ THE ZON~ WHE~~ TYF. £NO POINT 0~=" THF ~EUT~CN 
T~.;AJA(TQ~Y TS 

If--=:1 ~Il-=1 
:e{:i.=!),.ilGOT01;;; 
:L= HS P1-'P(T:-!H)l/CRZ(I1) -:<:; (IQ-1)} 
I .l\==: 

I~ :~-TH: :~D~XS OF THE 20NES TO WHICH A PART OF TH~ NEUTRO~ 
..-~lJAC,..o-v 1F.LONGS 

--'1E KT~E-IC ENERGY OF THE N~UT~ON 
C03 ... -CC~:N: or: THE ENTE~ ANGL CF THE NEUTRON 
JL-T~~ :lA1T cr THE NEUT~ON P~SSING THQOUG~ A ZO~E 

~2R1S·~UM9:~ CF THE SIMULATED PRIMARY PARTICLES 
ccnrrNv: 

V~ I"T E ( i) I HN, IM AX~ I A, IH ,IN~ A 2, T, GO ST, DL, N EROS 
1FCT~I~.:Q.TM~X-i)G0T016 
ll=~· -ti'1=:1-!I~+1 $IN=IMAX-2 
ri q: ·:: ( 1l ":MiN, !MAX, IA ,IM, IN ,A?, T ,COST, Cl ,NBPOS 
IFC!1.G~.11J)~ETURN 
IA=) 
:rc:1.:1.i>GOTC2D 
DL=AE S (~?( Il-!U -Z1) I CRZ <!i) -~z (!1-1 >) 
I M= I 1 1 I~= I 1 
G CT :J~ 1 
nL=t~Z(1l-~il/RZC1) $IM=i $IN~1 
~R IT': (i >! H,, !MAX, IA~ !'1 ,IN, A 2, r,COST, lJL ,NBROS 

R':.'!JR~ 
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.... 
ilo,D;nporpaMMa ,ItJIR 38IDI01il Ha B;ieiiiHHii HOOHT9Jll) TpaeKTOpHlil 

llpOTOHOB 1il 1\ -M930HOB ,ItJIR :IOCJI9,1Jyl{lU9H rue o6pa60TK1il. 

3a.ua:aaewe BeJml:Imm 

"t-.1 ?( 1 - 0) - Xapa.KT9p1i10THK1il "tJaeTHIJ; (OM. E ~ LOS...S.) B KOHI.J;9 npo6era 

\\1\)-:r:tJ(I-')- xapa.KTepHOTRKlil "tJaeTJm. B Ha't!aJie npo6era 

R 2 r -1 "'\ ~ )- pas6HeHJile aTMOO(j}epl:l ( OM. ~V'\) 

HcnonpsyeMije nonnporp§MMN 

E.NCHA ~ 
) 

Bl:l3l:lBa9TO.R: H3 

2. Ha JieHTY sarmol:lBa.roTo.R: '""·!: tJ :> ':! k ~'X t M , 't 'tli, 
J } 

i K I \NQ( 3) ,w p( \.t)} w P{(\) ,w Pl8) 1 'S> L j ~ BQ.-0 ~ 
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28 

71/~1 OPT=i 

3Lr1CUT:~E PROTON 

R:GIST~~~!1N C~ TH~ CHARACTEQISTICS OF A CHARGED PARTICLE 
PtSSING TH~OUGH THE ATMOSPHEq~ 

COMMC~/~1Pl!N/WPIN(9)/W~PR/WFC3)/R?/RZf10~)/eLOK1!/PCGL 
•/9lOK7/T1{35)/2LOK8/RN(85)/9LC<g/RP(85)/NeRO~/N9POS 
CCM~ON/1!0/~~C,RE,IPN 
:;: F C tH B C 1) • ":Q. C • • A NO • WP ( 3l • E Q • J •) RET U R ~ 
... 0 N-=1 
lbi t=:l,·:J 
IFC'HHd1) .Lr::,::(Z(I))GOT02 
c c·~ 11Nt: 
R::iUR~ 

:--TH~ :~o:~ c~ THE ZON~ WH~R~ THE INITIAL POINT o~ THE 
T~AJAClOQV 0~ THE CHARGE[ PARl[CLE IS 

Ij-•HE I~J:~ CF TH~ ZON~ WHfQE T~E ENO PCINT 0~ THf 
T~AJACiC~Y C~ THE CHARGED PART::CLE IS 
... 1- J 
... IM!N=M-:'HH:::t:,!i) !IMAX=MAXC f!!',!il 
'1 2 = -; M t W 0 T N C:3l ) $ W Z 1 = GM ( W P ( 3 ) ) 
IF< I~' .u·,.r~>GOT07 
IFf:1.G •• I!)GCT08 
G JT :)9 

INC~,IC,::rJ-TY: AUXILIARY P~RA~i: ... E~S USED ~cR OI~FfPTNG 

T I-[ C~S: L! SMALLE~ THAN I1 FRCH THE t:ASE IO GREATFR THAN !1 

INC~=l ~!C=1 !I0=1 
T=:~+!~r:~ 
R ~ :: ~ M { ~ 7 ( : : + I Cl ) $ R H 1 = G r~ ( R Z ( 1 ) : 
T=c::.:Q.1lGOT011 
QL;:.; /~ e ! ( ( ~ Z! B + IC) -W PIN { 3)) I ( R 2! !iJ) -R Z {I 0-1)) l 
TRACE=t9)({~H-WZ)/WPIN(4)) 
!~=::, ;:N=:1 ~GOT012 
JL={";2(il-'~PHd3))/RZ(1l '-"":H=i ~IN=i 
TqACE=~1S{(~fi1-WZ)/WPINC4)) 
:rcw=c~> .::1.r;.>GOT027 
I?A =i 
:: != ( :~ :: C <: } • l : • S : " • ) I ~A = 2 
,.. K=:N Cl- ~ (: ~ ~r::, IRA> 
G~TJ;:· 
T K= :~o ( 7) 
H ..; I E { ~) ! M ": N , I MAX , I M, IN, TK , W P ( 2 ) , W P ( 4) , W F ( 9 l , W PC 8) , OL, N 8 R 0 <) 
I~C!.:C.I!)~O~C24 
I'-OIF Cel .N :.1. )GOT026 
DL=i. 1!'1:::"'::MIN+-1 $IN=IHAX-1 $TI<:::1>4P(7) 

IM,!~·lH~ INOEXS OF THE ZONFS ~0 WHICH A PART OF THE 
T~AJACTO~Y OF THE CHARGEr PARliCLE BELONGS 
Tk-TH~ ~IN:TIC ENERGY OF THE CI-ARGEJ PARTICLE 
~O(J)-TH: :Nn POINT OF A PART CF THE TRAJACTORV 
w~C4) ·~0~!~~ CF THE ENTER ANGL 0'- THE CHARGED PARTICLE 
WC(1)·<H: 1.!\SS OF A CHA~G:::J Pilt<TICLE 
l.JCf ~n-TH-:- '.:;HI\!~GE 
ll-TH~ ~,R~ o~ THE CHARGED PA~TIGLE PASSING THROUGH A lONE 
~1~:~-~U~9~1 c~ lHE SIMULATED 0 PIHARY PARTICLES 

W ::! ;: T r. ( : l HC N , ! M A X , !11 , I N , T K , W P ( 3 l , W P ( 4 ) , W P ( q l , H P ( 8 ) , DL , N 8 R 0 S 
G 8T J2 ~ 
'J l = i • 7 : ·~ = : -t ! N = I 
RA= ~M C~?CT>) ~R8=GM CRZf!-1 )) 
T r;ASf.i=~ 1S\ CRA-R8)/WPIN(4)) 
~~A~E=T~\C~+T~ACE1 
1;:A:::!_ 
1 ~ ( 1~ c ( S ) • L -: • 5 : 0 • ) I R A = 2 
TK=:NC~Ac·~ACE,IRA> 
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