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Paur ny6~HK8llll~ 06'beAHHeuuoro HHCTHTyTa liABpHbiX 

IICC~BAOB8HII~ 

IlpenpHHTbl H C006UlCHHJI 06'be,llHHCHHOrO HHCTHTyTa .fl,llepHbiX 

HCCJ1C,ll08aHHii /OM.R:H/ HBn.fiiOTC.fl caMOCTOJITCJJbHbJMH ny6JJHKaUH.fiMH. 

Onu H3Jl.aiOTCJJ. 8 cooraeTCT8u·u co cr. 4 Ycraaa OHRH. 0TJJHI.{HC 

npenpBHT08 OT C006uteHHii 3aKJ1101.{aeTCJI 8 TOM, '-{TO TCKCT nperrpHHTa 

6y,llCT BJIOCJJC,llCTBHH BOCJipOH3DeJl.CH B KaKOM-JJH60 Hayi.{HOM ~ypuane 

HJJH anepHO,llHI.{CCKOM C60pHHKe. 

l1H)IBKC8l\l!ll 

IlpenpuHThi,coo6meuuJI u ,llenouupoaaHHbte ny6nnKaUHH OHJIH HMCIOT 

CllHHyiO HapaCTaiOLQYIO nop.R,ll,KOByiO HyMepauHJO,COCTaBJJ.fiiOll.lYIO JlOCJJCll

HHe 4 UH~pbl HHllCKCa. 

IlepBblii 3HaK HH,!leJ<Ca - 6yKBCHHhlii - MQ)I{CT 6bJTb llpC)lCTaBJJCH 

a 3 aapuaurax: 

"P" - H3)J.aHHC Ha pyCCKOM J13h1Ke; 

"E" - H3,!laHHC Ha aurJJHiiCKOM H3blKC; 

''.Jl'' - pa6ora ny6JJHKYCTC11 Ha pycCKOM H aHrJlHiiCKOM 113biKaX .• 

IlperrpHHTbl H C006lUCHHH, KOTOpble paCCbiJiaiOTCH TOJJbKO B CTpaHbJ-

yl{aCTHHUbl OHRH, 6yKBeHHbiX HH;:(eKcoa ue HMCIOT. 

Uu~pa, cne.!lYlOllla11 3a 6yKaeHHbJM o6o3uaY:euueM, orrpe,llen.ReT 

TCMaTHI.{CCKYIO KarerOpHIO )J.aHHOii nyfinHKaUHH. IlepeY:CHb TCMaTH'ICCKHX 

Kareropuii u3,nauuii OH.HH nepHOJlH\IeCKH paCCbmaerc.R ux nonyLJaren.RM. 

Mu.neKCbi, onucauuble awwe, npocraanJilOTCJI a npaaoM aepxueM 

yrny ua 06JJO)I{1<C H THTYJJbHOM JJHCTC Ka)f(,!lOrO H3,llaHH.fl. 

CCbl~KII 

B 6u6nuorpa!)ul.{eCKnx CChinKax ua npenpuuTbJ u coo6uteHHH OMRH 

MbJ peKOMCHJlYCM yKa3biBaTb: HHHUHaJibl H !)aMHJlHlO aBTOpa, )l.anee -

COKpauteHHOC HaHMCH08aHHC HHCTHTyTa- H3JlaTCJI.fl, HH,llCKC, MCCTO H rOJl 

H3llaHH11. 

IlpnMep 6u6nuorpa¢uqecKoii ccbJnKH: 

H.JJ.JfaaHoa. OHHJJ, P2-4985, ,4y6Ha, 1971. 

©t974 06oe0UHeHHbliJ UHCIIU11YIII JIQepHbiX UCC/IeQ060HUiJ J{y6Ha 
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B nocneARHe roAY B RAepHoA ~·••xe mupoxo o6cyz~Dtca pao
~Hqawe M0~8BH ~~ft OOHCaBHR H8paBBOB8CHOrO CTatHCTHqecKoro pacnaAa 
B036y~eRBHX HAOp. B pa60Te/I/ OTJteqeHa TOCBaR CBR3b 3THX ~H3H
qeCKHX RB~QBHB CO C~yqaBHHWH MapKOBCKHMH npoueccauH, qro U03BOnaet 

ABR pemeaHa ~aq OOAOdHOrO Knacca ~eKTHBHO HCOOnL30BaTb U8TO,ItH 

Moure Kapno. B Racto~el pa6ore •••ozeu anropHTY uaxo~OHHR 

aaeprerzqecKHx cnexrpoB •acr•~ ( • cucreMe ~eHtpa uacc 6ou6apAH
pyD~eR qaCTB~ H NAPa MHmOHH) Ha OCHOBe YOAH~H~OBaHHOR 3KCH
TOHROR MOAenu/It2/, fipeAnaraeYHR anropHTY pea>H30BaH B RanHCaHHOR 

Ha RSYKe \tOPTPAH nporpawe 

Hcno•••ouaRa ua 3BY B3CM-6 

npHBOAHTCB B fipHnOZ8HHH, 
MeroA pemegHR 

MI)DEX, KOTOpaa ~:let ChnL 

u wamHHax CAC. nonauB rexcr nporpaMMH 

PaccJtotpHII uoo6y~eRuoe RAPO c ••epruea E • qocnou 
BQ36yz.>;eRBYX .aCtBU-AYpO!t n' p > h • l(aK llOKii3aHO B pa6ore/I/, 
npoueccy ~epaoa penaxca~H ta&oR ~H3HqecKoR cucreww, onucusaewowy 
COOTB8TCTBYD.HW KHH8THqeCKKW ypaBH8HH8W 1 NOZKO OOCtaBHTL B COOTBCt

CTBK8 R8ltOTOpYA pa3pHBBbiA w:apKOBCKHH npOilBCC, r ,Ite npOB8A8tfi!:e CHCTe

WY B nocneAYD~R woweur speweuH nonaoctLD onpe~en~erca 3aAaHwew 

otaocarenLuwx sepoatnocreR scex AonyctHKHX npoueccos B uacro~aA 
KOK9Bt. B ASHHOR peanaaa~K KOA~HUHpOB8HHOR 3XCHTOHHOR WOAenH 

(JI:JII) yqTeHW nepeXO,IIH C H3lleH8HH8ll qucna 3KCHTOROB Afl: ·2, 0 ;, ·2, 
sepOHTHOCtL KOtOpWX 6J4n (n,E) t a TaKie HCflYCKaHHe meCTH THOOB 

qaCTHU B HenpepYBHHR cneKTp, r; (n.,£) ( r)le HHAOKC ,f npHHH
Maet auaqeaKR or I AO 6, qro noxaawsaer cootsercrseuuo aeArpoa, 
npOTOH, AeltpOH, TPHTHI, renuR-3 H of.- qacTHey ) ; 
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/.(n.>;")' W•!' = L 
( : ~ /) -

' ) 

t 
u.J.· {n,E) + 2. 

F1 
/ '. ( E) 
J "· . 

(I) 

BHpaXeHHR ,ltna sepoatHOCTeR nepexo)ta ue~ pa3JIHqHWMH COCTOJIHHRWH ~pa 
' /3/x) 

nonyqeau c ucnonhaosaHHeu: pe3yn:&tatos se.n.asaett paOor~ • B coot-

setctsHH c Y3U, Kna.Jtpat ycpeAHeuuoro u:atpHt~uoro 3Jieu:euta AXR 

3tHX nepeXO.JtOB oneueu a npe.JtnOJioieHHH, qro nepexo.n.w c -.n.:. ~ 

MOXHO pacC~TpHB6tb K6K KB63HCB060AH08 paCC8RHH8 BHYTPH~epHYX 

ttactuxfL/, 

U),. (n,E) = < ESt~ 1J-) 

({.) (n,E) = < 6(1J')·lF> (3n.- 2)(n.+l} 
0 

4gE v 
i<)_ (n,E) = < .U'1r') v-> ?. I. ( n-£.){ 12 + 1) 

v (9E)~ 

x) Hld:BBTCH HBKOTOpoe OTJIHl.IHB B BUpazeHHH MA {A){ Ot COO'fHOlll8BJdl, 

npHB8,It8HHUX B pa60T8/[/, KOTOpHe, B CBOD oqepe.JJ;b 1 OCHOBaBH Ba 

pa6otefil/, Kpolle toro, B AaHHoR eepCHH 1!311 Ooxee nocne.lloBare .. Ho 

Y4TeHo pas~Hl.IHe sos6yZAennoR qacruuu H ;tapxa. B pesyAhtate Bcex 

3THX H3M8H8HHR 0Ra38110Cb H800XO,ItKYHW ABH BBJIHQHHU pa;teyca CHJILHOrO 

B38KW.O,It8ACtBHSl 1 BXO,D;H~ero B 06'D8Y B3aHloi.O)t8RCtBHH v = }JT ( i,t; _, }) : 

B3SITb 3H6"18HM.8 f; ~ 0 16 <PY. TaKaa napawetpH38.UHH npaKtif\18CKK 

noerop•er ace ••cneHHHe pe3ynuat• pa6ot• III, 
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3,118Cb 6(7>')- ceqeaHe paCCOHHHR )I,JIH CB060)IHHX qactH~, HO C 
III 

Y\18TOM BJIKJISHJI npHHUHfi6 ll6YJ1H , V" - OTHOCHT8JihH68 CKOpOCTb 

CT8JtltHBaJltltHXCSI "16CTHU., V - HX O<heu: B36HW.O)t8tlCtBKH. 

BepowrHOCTb HCnyCKaHHR B Henpeph!BHHA cneHTp qaCTH~ THna j 

,1t68TCR COOTBQm8HH8ll 
£-B, 

rAe 

1 
'J . 

fj (rt,E) : u;.i ( n, E, t) dt. , 
. 0 

wi(n,t~t) dE. onpe.~teuer cneKTp HcnyllleHHHX qact•~ 

wJ(n.,EJ.) 
flg.f 

~ JT 2f.' )'I 6,., ( l) (; 
ft.l (E-8;·0 

j" (E) 

qepe3 COOTBBTCTBY~~He flXOTHOCTH 3KCHTOHH~X COCTOSHHR 

fl (g£/''' J" {£) = p! f.! (n-i)! 

Bume dUJIH HCDOJIL30B6HU C118~DQH8 Od03Hal.leBHR! 

CDHH H DPJIB8,1t8HH6Jl lt6CC6 HCDYDt8HHOR l.laCTHIU1 1 

csasH, ~~~1r- ceqenas o6parnoR pea.xu.uu, J 
l.I6CTHQRHX COCTOABHB. 

S H jl 
"0· - ee onepraa 

- UJIOTHOCTb O,IUIQ-

EcnH aosdYXAeaaaa RXepnaa cHcrewa ;tocraraer pasRoaecaoro 

coctoaaBR, onpe,11enseuoro 3HMeHaew n.f'.J" = / v,,-" fi.JE' , 

Koropoe cne)IYeT H3 ycno••• w, ( n,.t. 'E) ::::: w_ ( nr"'"' E)' 

TO otnaAaeT He06XOAH~OCTb B nocneAYD~6M CJ16S6HHM 3a KBaRTOBUW 

(2) 

(3) 

(4) 

qHcnow ll • llpH orow octaBwHUXCR KOHKYP•PYDillHIIH npo~eccaMH 

RBJiaDTCft JIHmL npoueccu HCfiYCKaHHR qaCTHU, BepORTHOCTH KOTOp~ 

Zf(E) IIOXHO Bh!qHCRBTb 00 TOll Xe ~op.ynall (2)-(3), HO C 3alle

HOR BhlpaZOHHR (4) ARR nnoTHOctH B036YXAOHHYX COCtORHHA Ha 

paBHOB6CU06 
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_f, (E) --7 _F{E): .R..Xp !lva.F (5) 

ITocxoALKY nama 3aAatJa 3aK.nDtJaetca B uaxo~eRKH HHterpa~uux 

cneKtpOB HCOy~eHRUX QACTHI.\, TO 88T B800XOAHKOCTH B ~8TanAUOK 

npocneZHB8BHH Bp8K8HROrO pa3BKTHR CKCTeKH: AOCT8TOQBO HISL 3H8Th, 

tfTO TAK08-TO C00UTH8 A81CTBHT9nLHO HK9BO K9CTO • 

TaxKY odpaaow, cxewa pacqera oxaausaercs qpeaawqalao npocrol: 
I. 3aAaerca KCXOAUOe aosdy~eHHOe SAPO B ero naqaiLROC 

COCTOI£BH8. 

2. llpouepaetca, xaxwe xauanu acnycxan•s qactan orxpurw. 
Ecnx oneprHR •oadyzAenxa SApa E nzze nopora peaxqB• A>• agxeta 
acex paccwatpxaaewux qacral.\, ro pacqer AaBHoro coduras 

(••cnutaaas•) aaxaatJHBaerca. ( llpeAOonaraetca, qro octaa•aacs 
3Hepraa B03dy:a:,J;eHJUI CHIDU18TCR 3a CQ8t 3WBCCID! r -ltBaJITOB). 

Aanee XKXTapyercR aosoe coOwrxe ( nyaxr I) xnz aec• pacqer 
3a&aRqXB68tCS1 8CXI npoae~8HH08 QBCXO RCDHtaBWI AOCtatoqao. 

J, EcnH OtKpWT XOTa dw OAKH KaHan RCnyCKaHBi 1 tO B 3aBBCKUOCtB 
or aaaqeaal n,E onpeAenaerca, K&EOI npoqecc peanR3yetcR - paaRo

secsKI ( cz. nyRKT 5) •n• npeApaaxoaecaHI ( cz, Aaloe oysxt 4). 

ilpouecc dyAeT npOAJlUHOBeCRHII 1 ecnx n ,.;;. flf,(• . 

4. Ha npeApaaaosecxol eta~•• c oraoc•tar•BKB• aepoataoct ... 
O.li(n.,£)/1\(n,£)• fj·{n,£)//l(n,ln XOBitJP"PYDt HOW 

codol npoueccw nepexoAa K81AY pasnaqaWBB coctolft .. KI aosOy~esaoro 

SApa • npoueccu xcnycxaaxa .acrzu. c nowo••D CJY.alaoro q•c•a 
uwOxpaetca, &axoA npol.\ecc ocy•ectBAaetca,• uwqac~autca xapaxrepxc-
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THKH &Apa B BOBOK COCTORHHH. EcnH BY6paHH~R npouecc 0Ka3anca 

awuccueA qacru~, ro uaxo~euue xapaKrepucruK ocraroquoro nAPa 
sannqaer sNOop c nowo~hD cnyqaRuoro qucna auaqeuua KHHeruqecKoR 
aueprHK xcny~euuoR qaCTHUH cornacuo uopUBposaunowy pacnpe~eneumo 

wi ( n, E) • 3RaR xapanspHCTRKH uosoro ( ocraro<rnoro) 

RAPa, uyZHo BHOBb odpaTHTLCR x nyHKTY 2. 
5. P6CQ8T 86 paBROBBCHOH CT6ARH OpOBOAHTCH no TOR Ie cxe~e, 

QTO H 86 npeAp6BHOB8CHOA C T04HOCTbD AO HCKnDQ8HHH BftYTPHRA8PHYX 

nepeXOAOB a saweaw (5). 
HetpJABO BRADT~, qro anropHTY ectecTB8HHHY o~pa30W 

Y4HTHB68T OOCAeAOB6t6nbH08 HCflYCK6HH8 H8CKORLRHX Q6CTH~, pa3AH4H8 

npOTOHBHX H ueltpOHHHX B030y~eHHNX 46CTHQ, AOflYCKa8T AanbH8RWyD 

AetaRH3aUHD npouecca aAepaoR penaxcauuH. 
OnHcasuaa cxewa orseqaer taK Ha3Nsaevouy npawawy 

M8TO~ KOA8AKpOBaHHH. llpH BC8ft CBOei yuHBepcanbHOCTH OHa1 0AH6KO, 

cuasaua co auatJ&te.nbuo« aatpatoR wamuuuoro apeweuu, uanpHwep, 

~8 no.nytJ&RHS BWCOKOA CT6THCTHtf8CKOR TOQHOCTH Ha wXBOCTaxn 

cneKtpanLBWX pacnpeAe~enaB. B AaHROA SaAaqe HapRAY c npRKWY WOAe
~Hp0BaHH8W RCnOnL30B68 KeTOA B8COBUX ~yHKQMa, fl03BOnSD~HH cy~eCTBeH

BO YK8HhWHTL AKCD8pCKD DOAyqaevwx peaynLTatOB H T8W CaYHY COKpa

tBtb tpedyewoe wamKHnoe apewa. 

HAea 3TOro K8TOAa COCTOHT B TOY, qrQ aepORTHOCTb HCUYCKaHHH 

38.,1\AHHOrO TRna tf6CTII.\ YOZ8T Ch:lTb OI.\8H886 Ha .nD60H CTAJU1H 11Jl8pHoR 

pe.naxcaitHH Jtalt 

W • fj (n,E) j /1 (n,E) 

7 



~ 

1 

I 
1 

t 

1 

ilOCKOJILKY HCOJCKaHHe t~aCTHnY Ba ~8HBOW 3TaG8-H8 3ABHCHT OT 

npe~HCTOpHH fl~pa, WOXHO flO~YtiHTb flOJIHHK C08Ktp 'IACTHU, 

npHYoro MO~enHpOB8HHH AODOJIHHT8HbHO BHQHC~RTL ~YRKUHD 

ecnH B xo~e 

w1(n.,[, £.), 
HOpMHposaHHYD B HHterpane aa VV , c nocneAYD~KY cyuuHpoaauueu ee 

no BC8Y Jtanaw CHRTHR B036y~eHHR AnR BC8X HCDNTAHHA. HetpY.rtHO 

BHA8Tb, QTO 3TO CYMMHpOBAHH8 OTB8tlaet ycpeAR8HHD no acew: 

.rtonyctHMHM COCTORHHSY RApa HJIH, APYfHYH CHOBaMH, DO BC8ll B03KOZHH11 

tpaeKtopHml. npouecca .n,eaosOyx,rteHHR a npocrpauctae coctoauaR 

npoJrtezyrot~uoro a.rtpa. ~bteHHO c rew. ¢a.Ktow., nac~<aJILKo npocJiezeuuue 

COOUTHR COOTB8TCTBYDT "Cp8,ItHeR" tpaeKtOpHH AJIH o6cy~aeuo8 

xapaKtepHCTHKH, CBJI3aH BH60p H806XO)I,HWOfO tlHCJIA HCOHTAHHK. 

Onucauae nporpauuu. Ocuoauue oQoauaqeHHR 

CrpyKtypa nporpauuH: rnaaHaa nporpauwa • naxer no,llnporpauw, 

Ha.aYenoaa.HKe rnaauoH nporpalllW: MISDEX. 

BH6JIHOT8'1HH8 DO.rtnporpaU!.&H: RNDM -~ ~at'IHK CJtYtfARHHX qHC8JI 

paBHOllepHO pacnpe,lleneHHHX Ha HHT8pB8,J!8 (0,1) j GRAP84 

nporpaMMa rpa~uqecKoro npe,rtctaanenua pe3ynLtaroa c OOIIOI!ILD AIUIY. 

Co6crsenno nporpaWLa ( 603 RNDM H 

uaet !36141 aqeeK onepaTHBHOA na.w..uu. 

EapaOaH~ H uarHHTHUe JI8HTY He HCDOJih3YDTCH. 

BXO.IJ.H8R HHq>OpM3UHR 38.Aa8TCR O)(HOR njw. 

<jlopware: 

GRAPH4 

B cnBJ\YDI!I8ll 

READ 2., NU, PO, 1-10, AM, RM, f)f, Bi:, ii; A, 2, LiM, L.f 

2 FI!RIIAT { Il, 2FJ.O, 2F'i:.l, .1FC.1, 2F1.t, IIO,Ii} 

• 

) 36BK-

3)leCL 

rfO, PO,HO 

AM 

li?M 

PE, BE 

U, A, 2 

onpe)(BJIRDT BXO,ItHOe COCTOHHHe R,Itpa: naqanbHNe 

qHCJia 3KCHTOBOB, B030Y~8HRHX~CTHU H AHpOK 

COOTB8TCTB8HHOj 

3B6tl8HH8 napauerpa miOTHOCTH ypOBHeA QprneceHHOe 

K li6CCOBO>cy qHcny H,llpa; 06H'II!O A. fvJ ~ 

= { A/'7 -7- A/tO) Mau-l. • 
napaMetp r;. ( B<PII ) 

~eKTHBHoro pe~HYca nApa 

B BNpaJ:eHHH .n,JT. R 

"J?. r;, A '13 
' 

HC00Jih3yetCH npH BNQKCJieHHH B8AHQHHY KYAOHOBCKOrO 

6apLepa ( ceqenHa Ann o6parHoR peaxUHH 

~OpOKCHMHpOBAHY C HCDOHL30BAHHeU 3Batl8HHR 

r: d r; ~.III)· 
r;. l 'i'M ' 

OTROCHTCH K opraHH3A~I B~atlH p83YXhtatOB H 

xapnKTepH3YDT COOTB8TCTBeHBO ~ar H MaKCHMAnhHJD 

,J;nHHY (B !laB) rHctorpauw:u no ~uueruqecKoa 

3HeprHH qaCTHI\I>I THna /.1 OpK 3TOU )tOJIIHO 

BNDOJIHRTLCR JCAOBHe BE/JJii "" 9) 

auepr.a aos6y:Q~.eHHH (B llaB), uaccoaoe H 

sap~oaoe qucJia o6pa3oeaunoa coctaauoR RAepuoA 

CHCTBM.I:lj 
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LIM 
L1 

4HCnO He3aBHCHMHX HCOYTfiHHU ( CTaTHCTHKa); 

nm 4aCTHU 1 , .nJut Kotopux nposo;unca pacqer 

MOTOAQM BOCOBWX <I>YHK~KR ( i./ = i 03HaQaeT 

HeRTpOHbl > L.. f ~ 2 - npOTOHli H T .,It., CM.Blmle) • 

Uocne BBO,Ita BXO)tHbiX .naHHbiX B 3BM 3Ta HH~OpYaUKH neqaraeTCJI 3a 

'fCKnnqeHHCM LIM t KOOTOpaa BHA8€TCJI nocxe 3aBepmeHH8 Bbi4HCXe-

uuR, yKa3usaa .neBcrBHtenbHOe qucno npocnexeHHYX coOUTHR. B nporpaw

ue npeAYCWOTpeHa B03UOXHOCTb npepuBaHHH C4€Ta C nynbta ynpasneHHH 

rrrre}.l. ua:mtHR 1·~ KnasHmH 4-ro ryw.6nepuoro perHctpa ( AJISI 

3BM E:JCM-6), 

fD»OBHaJI flOAnporpaY»a PREC~ ocy~qecrBnSleT npocnemt:BwtJie 

"CYAb6Y" AaHHOfO BXOAHOrO CJCTORHHJI 1 HMHTHpyer OABY H3 B03WOKHYX 

"rpaeKropHR" npouecca. Peayn-&raru: npiUloro wo~eJtHpoaaBH.II Kal'.,ltoro codw

rua, t.e. xapaKTepHCTHKH BC8X HCITY~eHHYX B AaHHOW C06YTHH 

!.laCTHI.t 3aHOCJITCJI B Ya.CCHB SPI' (5,100). 3newentH waccnaa AJIR 

k - oR qactHIIW ( k< IOO) onpeAeneHw cneAYDIJIHll oOpaaow: 

<;:I'T(i,k)- c•nyc yrna ewnera qactRilhl, 

SPT(2.k)- KOCHnyc yrna Bwneta •actH!IW, 

SPT(3,k)- ee KHHerH•ec•a• oneprHa ( B Mae ), 

5H (~,k) - aapSA qactHilhl, 

S?T (S,\c.) • ee 11acca ( B Woe ), 

napa»etp Ri yxaaweaer HOKep k nepsol .actH!lhl, acny•eHHOI 

Ha paBHOB8CHOR CT8AHH, t.e. qHCJlO npeApaBHOB8CHYX qactMU paBHO 

( 1\1 --1). 

00pa00TKOI Y6CCHB6 SPT IIOXHO nOnyQHTL AD0!19 XapaKt9pKCTH-

KH perutUHH. B nporpawae ~DEX Bl:l'Ufc.nsmrca cnelttpli J;JUI ttaCTKQ.) 
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THfi KOtOpiiX <j)HKCHpOBaH 3H6QOHHOM napa11erpa f.f , ilpH 3tOII 

wcnoAL3yetca noAnporpaliMa An• nocrpoenHa rHcrorpaYM <I>YHK~H ~(x) 

1-li'!T (X, Al> ,H,"RX, !<, W) , xoropaa aanocHT • waccHB RX(N') 

anaqenHe 'W=s~ • ••elxy, aasHCI!DIYD or nepeuennol X 
aaAaaaoM na orpeaxe [A ,1> 1 c marou H • floc• eAHHe me en 

3X8119HTOB 116CCHB6 R)((N) HII9Dt CASAYDll!HR CMIICA: 

RX(ti-S) 

RX(t·H) 
RX(M-3) 

RX(tl-2) 

"RX ltH) 

'RX [Wl 

qacno oOpall!eHHR K rHctorpalllle AU A "X,;: 1> 
Z.. -L An• :x <- A 
2: ~- An• A" X"'- E 
:E ,\' Ana x.::>B 

2:. 'l:J~ .u• A<>X<O""B 

2:_ X· t• . ' )tJlR BC9X 3aaqenHI .):. 

3Beprerxqecxae cne&tpY, paccqxrausu:e no wero~ aecoawx 

<j)yHK!IKI, co,~;epzatca a ~~accHsax WSPi(200) - npe.>tpasnoeec•a• 

•ac•• • VVSP2(200) - pasaosecnaa qactb, np•••" rp• nocAeAH•• 

3JI8MeHTa WdCCIBOB 88CYT C118AJD~D HB¢QpwaqKD: 

WSP:i(200), wtP2(200) ·2n, cy11116pnoe QHCno qactHll 

WSPI{199), W1P2{f99) 

THna i..i 1 HCny~eHHWX 3a ace i..I/11 

npocnezeauu:e codYTHSlf 

qKcno odpa~euHA H3 nporpaKWH K 

Aanaouy uaccaey; 

W S PI (Hi), WSP2 ( 19i )·![,- cyYMapnaa &HnetHQeCKaa OHeprHa 
' 

scex KCIIY!Ilenaux qacrwn rHna L f 

II 



TaK•ll o6pa3oll, nocne.JlH•e 3nOllOBTU B wocc••ax 'W£Pf " WS?2 

( a Ta.KJ:e B Ma.CCHBaX "J?X , HCITOJIL3yeldHX npH fiOCtpOeHHH fHCtO-

rpallll) no3Bonanr Hah• cpe~HDD llHo:recrBeHHOCTL <. n > = ::£ n, I L. T/'1 

11 cpe,ItHDD KHHentqecKyn JHeprun qacruu < T> = .Z:.T;. /Z: n: 

paccqHTaHHWR oOOKMH 

( B c•creue UOHTpH wocc) 

M8TO~YH cneKtp KHHeTHQ8CKOR 3HeprHH 

B HOPKHPOBKe na quc.no HCOataRHR LIM 

BYA88TCR Ha 0848Tb, Pe3yHLT8TY, nonyqeHHYC flO MCTO~ BCCOBHX 

~HKUHR, 0THOpMHp0BdRHU8 Ha O,II;HO Heynpyroe B38HUO,II;CftCTBHC ( t.e, 

.rtenenHYe na LIM ), npe,~~;crasnavrca B BH.Ile rpa<flHxa, npHqew 

OT,II;eHbHO YK83UBaDTC11 TdKIC paBHOBCCH811 H npeAp8BHOBCCH8R KOWOOHCHTU. 

IlOCHCAHCC 06CT011TCHLCTBO fl03BOHRCT suquc»HTb ,II;OHD Q8CTHq, 

HCnymCHHUX Hd CTB.ItHH yctaHQBHCHHH CT8THCTHqeCKOfO paBHOBCCHR, 

TOfAd KaK B APYfHX ~CHOMCHOHOf~CCKHX MO.ItenRX 3Ta BC.nHqHH8 

HBAR8TCR OO)(fOHOQHUM napdMeTpOW. 

Ha3Haqe••• .11pyr•x no.11nporpaw H no~nporpaww-<j>yHKI!HA 

p83.'bRCHRCTCR B KOJdli.8HtdpHRX HHCtHRra ( CU, IlpHJIOZ8HHe), 

BpeMR C4CT8 onpe;:tCJlRCTCH B OCHOBHOU H8Q8JlhHOR 3HeprHel 

B036yz;:tCHHR H H806XO,D;HMOA CTatHCTHKOU, llpH 3HeprHH B030YXAeHHR 

£ ::;: 25 fd3B .rt»R OCHOBHDro, HeAtpOHHOfO KaHana OKa3YBaeTC8 AOCTa-

TOqHbiM B311Tb f...I/'VJ = IOO ( ,D;HR HCRTpOHHllX cneKTpoe, nonyqeHHbiX 

MetO,D;OM BCCOBbiX ¢YHKUHn), qro tpedyer npHMepHO ABC MHHYTY CQCTHOfO 

ape~r!CHI-1: 3Jl(,l E:JCI.l-6. 

12 

PROGRAH ~OO(XtiNPUT 1 0UTPJTl :······································································ ' ; >~)GRAH FO~ CAL;UL~TIJN o= ElJILid~IUM ~NO P~E-~QUIL[~~lJM 

: EHISSION OF 3 ARTI:l~S FR)H EX~ITEO NUC~EUS ACCO~JlN~ 10 

: ~OJIFIEO EX:ITU~ i)JEL, SEE PREP~INT JIN< ~4·7~~~ tl~7~1 

: 3Y K,<,;uQ(H4 Go4o0i)3(JV J,J,TO~EEV 

;· ..................... ' .. ' ....... ' ... ' ................. ' .................. . 
Ol:iENS[ON iPPU1"JI , S;J>211l.l~lo1l.PJI2u~l, 

•GRui2~~~,;~112)~1,;~212Jil ,GRJI2o~J,;~~IilJI 

:D1HON laLJK111 )Pfl5,1JJI 
"IHISTLl11 .4SP1.12i.IJI,,.,SP?I211,.) 
'IB~lD~S/AJIOI taLLJ~5/ZJiil 

'18-WGH/ 1.1 ,o:., B:: 
CALL. OATEII 
~Eo\0 C., ..,J,PQ,HO,o\.."\,H,U!.,!l::,u,A,z,LIM,ll 

2 FO~HAf 113, lFJ, J, ZF'i. J, F&, :.,.,2F 5. lt ILl, IZI 
;:oR IIi T 3 

3 ;:O~HA11LHU 

PRINT Itt A,z,J,N),PJ,H),AM,Ll,)~ 

it F0~11AfCI/I/5l<,~!tHENTRANC:: C"'ARACT~USUCif/ 

123X,17H:O~POSITE NUCLEUi,i<,&~HASS =,~5olo5X,~HC~4~Gt =,Fj.l, 

2~XtlZ~f~CITATIO~ =,F~.1,4~ 11EV//27(,1Jrll~ITIA. SlATE,iX, 
lltlHEXCUO~S :,(2,4X,11.PA~TICLES :,:J.~,SX,l·HOL.~i :,:J.~o./1 

ltl1Jit,20HLEV£L JE'-'5IrY P4UI'tdd: ,Fb.lt,12i 1 A 1'1£11"'1·11 ,;x, 

ll2~1NOE~ ;:OR ~A~TICL~ OF lNTEt~ST :,12// 
~'+81t,21HSEP Jf HIHOG~A'i'1li :,~&ol,lti :H.V//1 

A1'*AJIL1P9'1Jo 'ZL=ZJ1l11 • Pl;.=ZL 
JO 5 J=l, L .. v 
HSPUJJ=w. $. \IP11H1iiJJ=l. 
WS~21JJ=~• • NPZlJHijJJ=l. 
HSPJIJl=IJ, ~ WiPJIJ+1tl~J=a, 

SPP!IJI=C., 
i liP?ZIJI=u. 

00 13 1=1, Ll1 
CAi.l Pi{fCOI J,A,Z, ... ,o. I. 0 I o\.'t,f(H, lt NO ,P~ ,H l.~Zltkll 
00 12 H=L,hl 
T=SPTil,HI I Q=S~TI~t11 

IFIA6SIPH•A11·.~l11 ~,6,1) 

~ IFIABStQ-ZU•ol'lll 7,7,111 
1 IFIK1·'1J 8 1 8,} 

s P:1=5PT(i, il 

8 CA~l H[Sflf,Jot3E,.J::,i~'Pl,lU~o~,l.l t :;a TJ LJ 
9 CA_I.. HISfiT,j.,i:JE,.J~,i?PC.,l~J,l,l ";o T) 1l 

1 J CO"!TINU:: 
00 lL l=l,S 

11 SPJIL.,HI=Jo 
12 :::OHINU:: 

11•1 s a=t• 
13 CO"TI~U~ 
L!, PiHNT lit l.i. 
li FO~MATI//)~~tL3iNJ1d;R JF 

1 ~5X,38~~NERGt PART[;LE SPE 
'iuX 1 2~~QIRECT li~~1ATIO~ H 
'35X,8~COMPOUiJ,+J~,ll~PRt:: 

VENTS = ,16111 
T~JH Ctr.L:::U.AH.O 
THOD// 
J1P0Ufrf011 
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3111 

'10..: j.. ~ i. 

'i)J ~ .. ~ '-
dJG ~. "j 
1::J Q .(. ~ ~ 

'1U t.i:. X • ~, 
:1)U:.ll 1 v·~ 

'1JO::'I..•~7 

'1JQill 0 .-j 

'1J o.: .(. J .1 

'1J\.EA'l.· 
110J:.x•H 
.'1Q']~A 1 12 
MJQ;:J•,;..) 

:"'UO:.O•o.i 
.'110::)•;,.; 
'1)Q~x.•:r.; 

'1JU:.~•;.7 

oo:.~•1, 

.'1 J J:: J. • .i. ~ 

"iOO"x • C.., 
"'JO::~ • ,;:. 
MJJ:: A.• i.i:. 
·'1J0£X'd 
M00!:.-'•24 
1'\:.JD:. A • .?7 
110 0:: X • 2 J 
-IOOix•27 
11'JJEX' z, 
100:.x•2~ 

'130£ )l+ J... 
'10\lO."ll 
o'100::K• 3(. 
t100i:::X' J3 
.'1JJ~x· h 
I'IJO::x•s; 
'10Q£).1jJ 
MOD~x'Jl 

·oo:.x.• Jo:~ 
'100£.1( • .)1 
1100:;: X I_.., 

•1J U'- X' lo l 
'10EX''9i: 
'1J'EX'<t.> 
'1J J:.). ..... 
.'1JQ£x•,.; 
'10J:: ).• <t) 

'1CJ U;: A' ;.l 
:10JD•:.j 
•-!) u:: ,(' :; ... 
'1:.JC~ll'5l 

·oJ::.<• n 
HOO:.x•;J 
'1JJ:.(•5. 
'1):J::x•,:.. 
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·~ •:~2,(. .s~o, 2.~ ::It J, ~.2. S1,3. 54 1 J.:.03,1to't8,to.t;,;.1z, •. 78, So7i 1 S.J9, OAn:v•4! 

•o. :n .~. -11o 6. '', Q, llo 7 ,13, l • Olo 7. 316, J1 ,;;, ~7 1!t • 83t• • 't9, t;, 8i, 2.32, OATC:V"ltS 
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FO~MAI 1/SJ;~;,bHOATEV II OATEII•'t7 
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SU3ROUTINE AlFAtPE~,A~I 

~······································································ ~ ltENOR1'1AI.ISATION OF EtHSSlJ .... ;:J{QiUBIL.ITll:::) I 

ARf 4 • • 
A{FA • • 
~~~ r A • • 
A~ Ft. •, 
A~~ A •, 
A~ FA • • 

ARf4 I. 

AiHA• • 

ArH 4' • 
IIKF A"' 
AR.F A • • 
A~FA 1 • 

. A;.(F t. • • 

:······································································ CO~KON /81.10Q:i1AFJ1b) fBI.1.,15fRJC~I 
SFIXzJV. 
SHX=O, 
00 3 Kzl,& 
IFCRJCKJJ 1tlr2 
Q&•o. s r;o u 3 

(; Q8=Z• 'S.QRT U11•AF JOO 'RHI() I 
3 SHX=AMAXl(S"(,Q8) 

IFCS"X-SFIX) lt,lt,i 
It PEflzQ, J ~i::TUR'-1 
5 PER.=SHX-SFIX S Ri:TU~.'-1 

£NO 

A~FA 1 • 

A.R FA • • 
A~ FA • • 

FUNCTION fKIHIL.,AIU f.C:llll"" 

c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~~~~~~·· 
: )C.INETIC EN:.R;r fiH PARTICLES IN EQJIUaKIUii lE.:o\t • Jl(.l:~·· 

;••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• T.C:IN•• 

co""ON IB:.uo~' HJt~l ISL1Hi/RJI&I t:l~..lOL1' vJc;l 

~B=~•"A~i•AFJ(ll'RJill 
311'~NOHI·1J 

o=t.K•1. + 11. fSQH UaJ I •Ai..OG tslt ( 1. ·au 't.l( Pl•i:HT I Ral I 1 

IFCL-11 3,2,3 

Z BETA= tZ.U/Af JU Juv. &30tH •G.!. Sl f( ". 76 tZ. U Af J l U ••0 .J :,3 JJ 1 

Ql. = t.+BHAI'RJIU t Q? z Ql'SQRTCQU 

FR(z(CU,ii•-SQftrll.llf2,JtQZI'IQ1•RK·R<••JI t GO Tl It 

3 FRK~tC3.•$QRrcJ.IJf2oi'IRK•RK'"JJ ~ ;o TO:. 
It 82=R.-N0Ht•·l I 

IFU2-FRKI ;.,;,1 
TKiti==tJIL.I"Il,•RK'"'ZJ +VJCLI 
RETU!{N 
ENO 

.SUilROUTINE 'lttEL.il 

;•····································································· : AUKIL.lARf aJ.OCK Fl=t ~UCl~A.{ ~ATA E(f~ACflON • 

:······································································ CDMHONfST1ASil Zl13J,A11SJ,Ctl51 1 o\li?J,C21jJ 

"f8L.l0161C:C61 1lL.1l171V(I~I 131.10JJIJ,A,l 
cccu = u. i /<Cit = 1), 

CCC21 = SUBt.VtZ,Zt,.=t,:;J 
VKUJ = SUBEV'tZ,Z1. 1 A1t;J 
CCCDI : SUB£.,.1Z,Z1,:!,~1 
VKI61 "SUBEVcz,zt,AZdl 

CCtll = C:IZif2• S 'I<I.U = Vl<l21 .. JO 

CCC~) = c:czt·IJ. I V<lil = IIKI2lio1.2 

CCISl = c:tt:.I•~./J. S v<C;I = V(I6J·.·ao 
~E.TU~N 

END 
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TKlN"' 
T (IN' • 
T K I '4 • • 
TI(.JN•• 
T.C:IN•• 
fKl'l"" 
T I( 1 rot• • . 
r K l·'~ • • 
Jl(,l'l'"· 
T I( I.-.1' •. 
f 1(, i " .... 

II HEr.. P• .. 
V-tEL.P"I. 
11-lt.I.P"~.o 

Vrl::.L P• li 

V.-ttr...P•L 
Vrl ~I..P • ~,. 

IIHCI..P• 1.r 

\l:i [I.. p• l 
VHE.P•~ 

Vr1 El.. p• ~ 
VrlC: .. P•l 
VHEI..P"l 
VHE .. P"l 
IIHELP' 1 
VHf.~ P'"l 
'11-lt.l. p• 1 
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F:JN~IIC.'l )t.U'I.HXotJ :···· .................................................................. . OELTA'1U"' 
Di:.LTAMOL 
O£LTAI102 
DE. L 1'AO'I 1.o 3 
OE'LT Al'hl ~ 
O::LTAMW; 
Oi::LJA.1U~ 

OiL TA/107 
DEL TAI'iw8 
DELfAr103 
OElTAI11il 
O£LTAI't1l 
JEL fA,HZ 
OELTAH13 
02:lTA.'tH 

;~L:u~ATlON JF Maii ~iF~:r 

;······································································ COMMON /)lli) II ll T 1 t 113:.11 IBLH.oiJZIT2JCY IZ~oo~l 

::S=IZ?.1J57~44.2.i5)•1t<~2,'Y)IXI "d" 
'I I fl.. -.bi.i 2?1<'' .b:l0~71 .. 21 'IX'' ,000071 I 

.:c:. llg• II Y'I'Y-1.11/'i..''• 33J33J • 

' I I l • - 1 • j 8 4 9/ < ' • • 0 j 5 Q l I t 11 , 22 7 3/ X t I lo 57 7 21 t..' ' 1 • J J Jl J I I I 

£A.F4=1·,~3~l'l(t••t,J3~331/(X'"•53JJJIII' 

' I 11 , + , it'~S ~ 7 I X J - I , 57 81 Lilt'' , 33 J 3 3 + I • lit; 18/ X' ', b 0 &b 7 I I I 

t:r:J9= I lr~.lb7• (t-l1o :.;Q :)f (It..~,. •n .. ~/XI 1- t. 781' Y •17 otJ354' XII 

1=.< S J=Y J l=I~J S T1=T.lttJI S T~.:f2XYf.l 

)f.l TA'1=11E.S•t.:::l•IE4LFIHEUJBI I•II 1+l21 

~dl.l~N $ E.NO 

~UNCTION :OL01J IL,~AJN;L,AMI 
COLOHJO~ 

;•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• COLJHSwl 

.:;o.~..cuu!I.TION JF CJULJ"1l ::Nt:RGt 'C.:lLOHilw2 

:''' '' '''''"' '''' '''''' ''' '' ''" ••' '''' '' ''' ''' '' ''' "''' ''' '' '' '' ''' "'"'''' COL.ilHdUl 
..;l.)MtO~l /B".ll.l)"J/lJIJI 1h.1..,J.t.I/ZFJIS.I 

'IHLlu~'itA=JIJI /3L."lOJS/lJt:,l ltll1J17/V'Kt&l /3,.L.:Illl/U,l,Z 

lftL~LJt,l,2 

:o~0·'1.1.::.J. , R£IJR'1' 
Ic.'1Pl=Vr<tl l't 1.o!t11RAD'ICU 
::; OLOMJ=Tt..11Pl' ( IZ Jltl• F J llll/ IAJ Ill" • ;)l:UJ •Af JIll *'ol3J 3311 

COL01'1P=CO.OH3' I L • -U/181, •4 'A :-II I 

IFICOLJ101 ldd 
~t. JU{II 

~ N) 

)'J.1ROJTINE rH )T 1<," 1 3,-l,fL<,N 1 ,.1 

CO~OHilU't 
COLOHBtJS 
COLOHdu; 
CDLJHS07 
COLOH9U6 
C0LOH8U3 
CQLO.HIUl 
CJLOHB11 
COLOHd '-~ 
COLOHBU 

::; .................................................... ······· .. ········· Htsrno~,~ 

..tiST ... IIL 
" ·HST"Oi. 3UlLOIN~ JP ~ISrJGRA~'1S ~IIH ~t.lGHJ 

;,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,.,,,,,,,,,,,,,.,,,,
,,,,,,,,,,,, 11lSl''03 

Jl11~1E.ION R.XI'll 
l..t.=IB-AI/HtO 
IfiLE-:<1 j.J,t 

:OJ<lNT ;:. Ll:..,~ 

FO?.MAT I H. H1£~RJ~ 
~E TUltl 
CU"'I LllJ( 

~.((NI ~ ~- (NI H'W 
[F!A-~1 lt,'),j 

I-'1 OIMEN.HON U ttlil, 

{XIN-~l : <(.(ll·~ltW $ P,ETU . .:t~l 

if(){-~)) 7,6,) 
RXIN-;_ J = ~<lr<-!1 •W S R£ TL.I.:t..'l 

R.(!Lqltrl 

-=,I4,Qi, 

L : !J'-AI/1 J JUILtll 

R~IN-~1 = ~XI~·)ltl. 
RXIN•lJ :: Q.<IN·llt.('W R<PI•31 R( t."'•H tW $ RiTU~N 

E'1:J 
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t,= .141 

HST"Uit 
HIST"II; 
rHSTHtJ:, 
111ST"W7 
tilST .. Il8 
'tiST .. 11~ 
H1Sl''1l 
HIST"11 
rll ST*'li. 
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