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Peraxmmuonsaa xoJierus

KysHenos B.A. (ra.Rayuymit pemaxTop), Ycaues J.H. (3aM.Ti.
HAYYHOTO pelaKkTopa), Amamuyx 0.B., AHnpees B.H., Bopyxo-
Bry I'.3., 3omvep B.ll., Kopz M.A., Haymos E.A., O0yxor A.M.,
IomoB D.H., Wruatox A.B. (orB.penaxrop), Kaprawmes L.A. (oTs.
PenaxTop).



GRASYC-QHEPVETAYECEME MHCTHTYT

OPOTPA¥MA PACYETA EEWTPORHHX CEYEHMN MO GUTHYECKOM
MOTEAH fiAPA (MPC-2)

A.T,AosCeuko, B.E.Kozecos

Nporparmda [I] Npefdasnagesa AN pacyeTa CAeAYDULMX BeNUWIH:
Eway £+

6“'252Z Z; (ZJ‘*{)I[ SBJI )

Cweax L+
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Lweax £+//
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65 - cegyeHHe "ofTMYECKOro™ ympyroro pacceﬂuna,JGE - cedeHde, Xa-

paKTepusyplee BCe NPONECCH, NPW KOPOPHX KBAHTOBO® COCTOSHME KOHEYHOIO
AZpA OTIUVHO OFT COCTOREAA ampa-wsmens, G, =(0s *+ 6c) - nommoe ceueume,
G (E, Em) - ceuenme neynpyroro paccesmws HedTpomOB 3Heprmd E
upH noaoyxneﬂun yposia ¢ 3sepruell Em , ‘67-; () - cedeHue DaZHAOMOHHOTO
3axpara HelirpoHa sHeprax E arounuM SEDOMS -
£ - OpOHTANBHHY MOMEGHT W J ~— DONHMHY MOMEHT nenTpOHa, I, - cnmr

Axpa-Mumenn, J - IOOAHHHA MOMEHT HOJﬂlqui’Ba ABURCHIA ILJIﬁ COCTaBHOTIO fAZpa;

Z7(Bn
o (BuE) - 7;?%73":)‘—‘{(5 )
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f(E) = ojs..é: expz a- (B"-ér)der
E+Bn

'Ej 651’8 acp z Va.(Bn*E‘EJ‘)d— 8{

rAe Bn - SHeprud CBA3K Heﬁrpona,f)y (B n) - JHCHEepHMEHTanb-
RO H&GNDZAEMaR MIOTHOCTH HE#TPOHHHX DE3OHAHCOB AAA & = Hel{iTpOHOB,
/} (8») - CpeZHAA DAAMAUMOHHAH DHpHHA, (1 - NApPaMeTp NIOTHOCTE YPOB-
Helt Mozenm ¢Qepuu-rasa. '
MCcXopHHMY RAHHHMA ZJIA pacveTa SABIADTCH Bn,b(Bn),ff (8 h), a,
napaMeTpd ONTHYECKOTO NOTEHIMANA:

= —_— L.‘i 50 :_Vo 1+4
(Vo =V, - %.2VL-G6¢, V(@ F%?;T(i-j—“_)

/,
m.e. \/;,ac,aq,? , A - Maccosoe tmcno,/{z’?«o;ﬁ"/j,

a TarEe CxeMa ypOoBHe} AZpa-MumeHE (#'<¢/6), TOUHOCTH OKOHYATENBHHX pEe3yIb-
raToB onpejensercs BexwumHo#t £ .
£ oy - HEDABEHCTBOM 72,,,,,_,( 7 (E)<E.

lporpauma nospoaseT OPOY3BOZMTH pacueT yHA3a8HHHX BumE CeueHWit s
TpOM3BONBHOI'O Hadopa sHepruii. llporpaMmMa HamucaHa B KOZAxX MamyHH THIA
M-20.

BpeMsi paGoTH AJA OXZHOrO K3 3HaueHUf E SaBACKHT OT 3H3YESHHRA CHEHA
fAilpa~MUNEHA, UACTA BO3CYRAAEMHX YpoBHe# u 3Havenms £ ( ~ I MMH IpH
E= IMaBE & =107°).

JUTEPATYPA

I. I'.H.Mapuyx, B.E.Konecos. [lpMuecHEeHUE UYMCHEHHHX MeTOZOB ANA pac-
yeTa HeRTpOHHUX ceuesnit, Aromuszar. I970.



OPOTPAMKA ® POHUT ®
B.M .Famtos, B.A.Donos
lporpasisa OpeiHasHayeHa LIS pacyeTa Ha OCHOBE CHTEYSCHIE wOzeiar

coyedufl BaauMOZeACTBUA HElTPOHOB € AfpaMd. B Oporpaxue HCNOAB3OBAE Che~
DRYECKHEY moreHnmaxn:

, 1 - 1
— V(Y = Ve T e 1=R 1oAY +4Lach[-:—z 1+ expi/ 'L_‘_—zﬁts) _.'!+

ﬁ 2 d y - ’:_}
" (f{z"} _%&[_dT 1+ bxp (Z=Rv) ]([‘6) \

szzl"/?% H Rw='tw-,4”.

HHTerpuposanne ypasHeHua [peiwHrepa DPOBOZMTCA MerozcH kiisa-hyuepc~
Ba C LAroM:

at'; npu En > 1 Msb
ap = Ak} = Q0322VEa npu En < 1ML

—~
[nS]

The K = —';i—‘v’z—E'

Paguyc cmmsru BuGHpaeTcR Kagk I,5( Ry +84v ), [lporpamMa BuyMcChnes

ZefCTBUTENbHYD M MHMMYD 9acTW MarpuuH S$¢j , KOa(IMUMEHTH NPOHKLASMOCTEH
Tej , nomnoe ceuemme Otot , CeucHMe OGDPA30BAHEA COCTABHOTQ HApA 6%  ,

UHTErpanbHoe K AuddepeHnMaNBHOe CEYeRHA YNPYTOTo pacceAHmA O« K %gﬁ*( .

B cevyenne paccesHms BBOZUTCA M30TPONHAA AROGAREA, COOTEBATCTBYOLMAR YOPYIOKY

paccefdHAD gyepe3 COCTaBHOE fAJpO, KOTOpaA paCCUATHBAETCH K8K:

Bce (6] = (6% ~Gnon) /42,

rae Oron - 3KCHGDEMEHTAIBLOE CEUEHWE BCEX BEyUpPyIrdX NPOLECCOE.
IporpauMa HandcaHa Ba asuxe “AITQN-60" (TA-IM), Bpewss paGoTH OpOrpaE-
Mz ~ I0 cex ans Maume TRna M-220,
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Oporpemma "POOT" MoxeT padoTaTh B DeXMME NOITOHXE I&PEMETDOB LOTEE-
maana (I) non SKCHOEepMMEHTAJbHHE NAHKHE N0 HOJHHM CEeYeHAM B YTJIOBHY
pacHpelieleEAAM YOPYyToro paccedHwd, [Ip¥ 5TOM MOIYT BaphupoBaTLCA IO 7 ma-
pamMeTpoB. PeamusoBaHa peJiaKkcallMOHHAs CXeMa MNONCKa MUHAMYMS.

v A Zn( —L;#&T)Z
) v = 46,7

Ucpoas3syemad B HacTofllee BpeMA OpOrpaMMa HECKOJMLKO YCOBEDMERCTBOBa—
Ha 0C CpaBHEHHK C OOyCJMKOBaHHOE B pacoTe il .

JUTEPATYPA

I. B.W.OonoB, U.E.Kamyca, B.M.Tpuxosa. BAL. 1967, BHu. 4, CTp. 3<7.

IPOTPAMME iJiA OLEHKV IMOOEPEHIMATEHHX CEYEGL ¥IFYTCOIC
PACCESHWA HEATPOHOB

B.U.llomos, B.M.Buuror, H.B.BacumzeBa

CocTaBieEa Cepud Oporpamv I OOPACOTKM ¥ OLEHKA YTJUIOBHX pacupele-
JeHu# yOpyro pacCedAHHHX HefiTpoHoB. lporpaMuvH colepEaT DacyeTH cedeHydt
OC ONTHYeCKO# MOIesM fAIps, pPacYeTH KOSQEMIMEHTOB Da3JOXSHUS YIJAOBHX
pacupeleJeiE# B DAL HO NOJMHOMAaM JleRaHnpa, a Takke BHBOI Ha MamMHHHE
I'pafi¥¥ ‘COOTBETCTEYRLMX PaCUETHHX KPUBHX, OILHOBDPEMEHHO C 9KCIEPHMEHTAIb—
HEHMU TOYKaME ¥ MX OmMOKa:M! IJI1 BU3YAABHOI'O KOHTpDOJS 34 XOIOM 00pasoTKE
IaBHHX. B IporpaMMe pasjOXeHMA B DAL OPeIyCMOTDEHO BBelleHWie B DRCIepUMeH-—
TaJlbHHEe JaHHHe IOUOJHMTEJBbHHX Todek (Ml HCKIKYEHHE), MCHOJb3yeMHe B TeX
cay4adx, KOTIa TpeGyeTCsS KOPPeKTUPOBKZ anupOKCMmDykuilel KpmBo#. LOMOJHE-
TeJbHHE TOYKE BBOLATCA LYTeM JMHelHO! WM KBaXpaTWdHOR HHETEDHOJALNE HIZ
SKCTPANOJAIY HA OCHOBE YXe MMEKUMIXCH JKCOEPMMEHTAJIBHHX TOUYEK.

OnTIMAIRHOE YMCJO WISHOB DA3JOXEHUA BHUNUCAAETCA OC SMIMPHYECKOHR
fomMyne, BHBENEHHOE B DPe3yabTaTe€ aHA/M38 TEOPETHUYECKEX KDHUBHX, DACCIUTAH—
HHX 110 OHNTHYECKO# MoJemZ Axpa.

Oporpammu Hanucar Ha fA3uke "AITOI-60" H HCHOJE3YDT ABTOHOMHO-TDAHC-
JEDPOBAHHEYD Oporpamvy "POIT", BWINEHHYK B HacToAmMi COODHMK, & TakEe OOe-
paTop "®OPMAT", cocTaBJeHHHHt LR TpaHcasTopa TA-IM [IL '

JUTEPATYPA

I. B.M.lasekoB. OmepaTop "®OPMAT™ B AMIOJlle. NpenpzaT 35Y (B medaTE ).



OPOTPAMMN " CCROT " Jf " CCVI3 @
A.B.#rrarvk, B.l.lyses, B.C.llopzs

liporpama " CCROT "  ppennasHayeHa ANA pacueTa CeyeHuH B3aMMO-
ZeficTBUA HENTPOHOB C DOTAUVOHHHMY YETHO-JETHHMHU AINDEMY METOZOM CUIBHOH

CBA3M KaHanoe [I] .
B nporpaMMe MCIONB3YeTCA DABNOXEHME N0 NMOJWHOMaM JIEKaHJpa AEHODMA~

POBAHROrC ONTHYECKOIrO NOoTeHInMana:

, _ s
V?ro)=‘(V+LW)f+4L%§;?+\ge &7 () (59) 5 ()
= ! . = 7 . y

f 7 €XP {(V’—Ra)/a_} ? g - /+€xp{'eﬁ_ﬂg/5j P (2 ]

Ra = aa(f*{_'m Y)o(a))i

Rs=Ro(1+ 50 Y, (8)}
[ipy paccMoTpeHuM BO30yxZeHUE RApa-MUNEHM CIENaHW NpPeAllOnCMenNs:
@) CneKkTp BO3CYEACHUH AZpa MUmEHM ODPEICTABAAET COGOH MACANBHYD DOTALMOX-
HYO I0IOCY;
) pPacCYMTHBANTCH BO3OYEAEHUA TOJNBKC MEPBHX LBYX DPOTAUHMOEHHX COCTORHME,

NpHHANIeRamMX CCHOBHO# momoce.
Pemenue ypasreHus . DpezmHrepa NpuBOAUTCA MO ZBYXTOUEUHOM CXeMe

Koppekimeli. Pamuyc cuuBKM BHOMpacTCH paBEMM R, + 10 a .

HOporpasua " CCVIB " pacCWITHBACT CEYEHNA B3auMOZEJiCTEWA HeUTpPOHOR
C YeTHO-YETHHMY fAZpaMm BUOPALMOHHON NpHpOAH. B NporpasMe HCIONBE3YeICH
PAa3lOEEHUE B QAL ONTVYECKOro moreHnuana (1), (2), rue

Ra ——-Rap ({+§I‘C’V‘Ylﬂ(a‘/j};

Re=Rlo (1°F dypYrplosh
NiporpaMMs BHYMCAANT ZefiCTBATENBHYD ¥ MHAMYD yacru MaTpurmd C
KOTOpafg CBH3ana ¢ S~ warpune#f cooTHOmEHAEM:

(4)

= w _
St,j,’ ey’ = d;,,! Jgel "; j o+ 2é C‘:/". n’t/" (5)



A

DIETACAZNTCHE KEOSOPAONEHTH NpPOHHIAEMOCTH 725 s LDOJIHOe Ceueldie
Tior o ARTErDAIBHHE B ZMQOEDEHUMGNBHHE CEUEHHA:
a) yOpyrorc paccesHms Ere o ZP
$) BO3CYMIEHWE HUEHEX KOJIIEKTHBHHX YDOBHER AZLD2 MULEHE:
S5 . d&x
=T sy .

IporpaMmMa Hankcans Ha gi3uxe "AITCH-60" zas Tparcnaropa TA-IM.
3pesss paGOTH LDUOTDaMMH 33BUCAT OT XOHKDETHOM CXEeML CBSSK KABano: ¥

XOIelIATCA B EETepBase oT 0,5 ZC £ 4acos.

IATEPATYPL

“. T.Tamura. Rev. Mod. Phys. 37, 679, 19&5.



POIPAMMA " ADAPE »
A.B.!rxarex, B,O.lyHes

lporpaia nosBoJifeT pPacCuMTarTh CeYeHMA BasuMozeiicTauAa HeHTDOHOB C
AXpaMyd pOTALMOHHOE NDUDOZH METOZOM CBASAHHHX KAHAJNOB B gANAlaTHYECKOM
npucauxenun [} , [2) , Koropoe ucnoneayeT CReAypuMe NpeANOJOEEHHA:

a) 3HeprMf HaJleTapuero HeliTpOHA I'OPa3Z0 GONBWE SHEPTMM BO3CYEACHMR
POTAIMOHHHX COCTOAHUH;

6) YYUNTHBAETCA CBA3DL BCEX YDPOBHE{l poTauMOHHON NOJOCH ZAXA OCHOB'OIO
COCT OAHUA A7Pa-MAMEHH . '

B nporpaMue HCHOIb30TaHO pa3nOEeHMe NO NOAMHOMAL Jlexadnpa (A =2,4)
A€ (OPMMPOBAHHOTO ONTMYECKOrO NOTEHIMAaNa:

7 ___ , expl(r-R/8/]
Vi) =-(v+iw) TrexplirRoga)) ~ 4, v eunlir-Re

- N AT exp [(+- Ro/a )] .
% CO(Re 2 (rvoplrheT

Ra=Rao(1+ EssYao(8) ; R =Réo (1+ 58 Yao(8,).

[IporpaxMa BHUMCHAET NOJHOE cevyeHne 62,t s UMHTETDaJIbHHE CeUeHUs pac-
cesnun G , CEUECHUA Bosdyxéeﬂuﬂ POTAUBOHANX ypOBHEf ngr n maddeper-

LMANbHHE CEeYeHHs 'igéaﬂ 2

DiporpaMma HanyucaHa B KoZax MamuHH M-20, Bpeua paGoThH NPOTPaMMu ZIf
MaKCHMaJIPHOT'O 3HAYEHHd ODCHTANBHOTO MOMEHTA HaieTapuero HeffrpoHa NpuGin-
3UTENBEO 2 yYaca. ‘ '

JUTEPATYPA

1. T.Tamura. Rev. Mod. Phys. 37, 679, 1965. -
2. P.Pabbvi, L.Zuffi. C.N.E.N., Bologna, RT/FI (69) 7.



POTPAMMA PACYETA CEYEHA!l PAZMAUMOHHOI'0 BAXBATA
HEUTPOHOB 1O CTATHCTHYECKOM TECPUM

B.C.Dopes

Pacyer cevyeHEM 3aXBaTa HeflTPOHOB NPOBOZATCA B DaMEax Teopuy Xayse-
pa-PemGaxa, NpAYEM NapamMeTpaMm TEOpud ABAALTCH TpRBEZeHEHE HelTpOHAHe
¥ paZMaNEOHHAA CHAOBHE QYHKIMU. B 3TOl MOZEN® CeueHHe 3aXBara HeTpOHOB
Gy ¢ a8eprHeit E mueer BEZA:

G = >3 Te " (E)(23+4) S (s ) ,

TRe 9} £ D_ 221+
?{) 2xTy 2J +4 ?

S ) =(A+Epi+1) [ —BLY 2L ———
(G p) = (L TP ) e B (AT

- pompaska Ha QAYKTYyanupe HeWTPOHHHX MHUPHE |

< = -(U)TeJ(E); Bi = (J)Te% (£-Ei);
VR

v Eo ,
Go (RKnR)+FE (KnR) 7

J
Tg = 2.71:55”

i0)

Se - ppuBejeHnas HEHTDOHRAA CUIOBad QYHKUMA AN MOMEHTA €
Ge, Fe - (Qynrony I'aAKENs.
E,=1 8B; R = pazuyC fAnpa. _
lporpaMMa EanxcaHa Ha A3wxe ALTOR-60 (anspa). OCHeM TpaHCAKPOBAH-—
Boff TporpaMMs 11008 fiueeK, CpeAHee BpeMfA paCoTH 1 MuH.

Acxozuue AAHHHE

A - aToMuuff Bec; I‘o,_I‘I — napaMeTpH pasMepoB ;mpé B QopMyne WIR
pagKyca R=roab+vy ; ® , v ; X2paKTepUCTHXH ypoBHel AZpa mame-
HR Eg IK,-‘I , TA6nAna OpHBEACHHEX CUTOBHX JyRELAH 57 # 3Heprab E
gafannero HeATpoORA.

liporpauMa BWBOAAT H& NeYarTh NApLOAANBHHE ¥ NOIHOE CEUCHNMA pazusnnoE-
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BOro 3axBaTa. NpE 3aRaHHO# 2Hepru¥ HefiTpora. [IporpaMMy MOEXHO HMCIOAL3C-
BaTh AnA pacyera cedeHUdt saxpaTa HeliTpOHOB B 00JacTH DEepI'ME HEEe
300 K38, JT0 CBA38HO C TEM, YTO:

1) opezmomaraercs mas <¢2>9 . =0

2) npRARTO  [ysexbarme =[fsomoay TO €CTH HE JUATHBAETCA BOBKOXHOCTE
dcnapesus HEHTDOHOR NMPM HCOYCK3HEM MATKEX ) =— EBAaHTOB;

3) mpeneOperaerTcd SHEPTeTHUECKO! 3aBUCHMOCTBD BEIRUMEH <% (Ji



MPOTPAMME PACUETA YTIOBWX PACIPEJENEHAN ¥ CNERTPOB HEYIPYTO
PACCEAHHHX HEHTPOHOB B CTATUCTUYECHOHR
MOJIENH “CHTMA"

I'.A.Tepruunult, 0.H,By6ns

Oporpamua "CuruMa"™ npezuasHavueHa A pacyeTa CMNEKTPOB B YPAOBHX
pacnpezeneHnll HeyNpyro pacCesHHHX HelTPOHOB B 00IacT¥ JHEPru#, IIe
IXOTHOCTH COCTOAHME OCTATOYHOIC AJpa AOCTATOUHO BEIMKA X MOKET GHTH
onecaHa nuamHofl QyHKOWCR SHEPTHMH, & Ta3KXEe NOJBOTO CeueHUs OGPABOBAHUA
COCTaBHOTO AApa. PacyeT mpOBOZUTCHA COTNACHO CTATUCTHYECKOi MoZeau Xay-
sepa-demaxa, TIe Ceduenue normomesus, cmextp dG/AE u xBaxmu andde-
pennmansHoe cevehde AG/dEAR ONpERenANTCA COOTHOMEHUAMN &

- 42 Eomay Lor¥2 osbo
Glaa(E o) = L > ZZ(23+1)Te, (Eo). )
Co=0 Jyriiy il Jliz el
bomax ios1/2 Jy+do
dEq 2‘ Gl i TN
Gumey 326 S22 T3%E) PIEEls)

x E ‘
8,20 w38} Lgbirihl F(E., J)

Clomax Ls*+Y2 Jo+be
A6l icEd). mXE 4 (20,+1)(23+1)? Te. (Eo) X
dE ds T3 45T :é_; _;MZ;‘IAN.ZU.-&!

m 48 Jy e Y2 mint2by,26,23),
x&Zf* i:‘e le 2: (22 2: b(z‘)’"""m@d)(&t’ 00 JLo)(é,€,00lL0) X (3)
Ga0 13-t (=h-Tal =0 PE~ELin) R
x W/(33 .80 5 L.L)W(JJ@;Z;,LJQ ] &(E{)W P tcord) .

: &max Jeli  J#2/2 5
et Fle=5 S fTJ (E)PEELLIdE] . (4)
E&'=0 ;'al3-61 d*‘%' [
B mporpaMme WCHOAB3yeTCA BHNDAEEHHE ANA NAOTHOCTH BO3CYXAEHHHX

cocrosnut YXU,J) , nonyueHHoe B MOzenM (epuu-ra3a ¢ (GEHOMECHOIOTHYCCKMM
y49eTOM OCTATOYHHX B3aWMOAelCcTEME.

Cymecrmyer yNPONCHHHY BapuWaHT NPOTPEMMH, KOTOPHH paccysTHBAeT Cede-
ame morzomesua .COioelBo) M CHERTp Heympyro paccemHHHX ReHTPOHOB dG/dE
coraacao coorsomeHMAM (1) ® (2).

[iporparMuy coCTaBAEHR P3KEM OGpPa30M, YTO HO3IBOAAKNT BHJOPOYHO pacCyl-
Tars AROYyD METEPECYDUYD YacTh CHEETPa.
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B EaueCTBS HCXOXZHHX Z8HHNX Acnonbayprcs & , 4, Eo' 1,, yroa v,
Comax & eimax , IapaMeTp ONOTHOCTR ypomHe# C X CcRapEBaHEA & + T80~
IHOE KO3(dunEenToB Kre6ma-TopaoHa ¥ Koadfumuentos Ve.L0:fomax] x
'E([o:&mx,om] ’ rae N - wMcio T0YeK, B KOTODHX DPBCCUETHBAETCSH
CHeKTp.

Ilpor%am(a HamAcaHa Ha Asuke AJTON-60 (anna). Bpems padoru

~ 0y I.%Comax*N(Mwd , ® B NATH pa3 OHCTPee B yNpPOLEHHOM BapHSHTE.
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PACYET OVHKIM{ BOSEYEIEHNA U COEKTPOR HEYIPYIC
PACCEANHNX HEATPCHOB

B.I'.Ilponsier

1. OporpaumMs "HYP" npexzHa3raueHa xJIA BuuMcleHud QyEROMHE BO3GYyEZe-
HAS HOWTPOHaME C JHe Igrneﬁ Ao 14,5 MaB ZuCHDeTHHX ypOBHe#l ¢ M3BECTHHMH
XapaKTepHCTHKaMH &, @

) -‘:x:

8 A .4.7*!
6’(5'%&' ) S o1, +1)x? %Te’/ 7;/ (E 6 )

P

(1)

K TpPYNN HepaspemeHHHX YpOBHe{ mMpHHOHE AE. : mpM MX CTATHCTHYECKOM
onEcadun:

. % .
5’(En, . =———1——E—CZ- 7;;?(5‘)‘;; LZ X Ey,(Eﬂ-&U) X
o

&) 2RI, +) c D= Tz o€
(2)
P, 7,8:) a8 ;
TIe :/x__
D -29: {%vxv(y (En E +Gu) M
E.,—Ov (3)

+ / , }
£ Eman <0y tﬂ, Je, (E S+Q\))/9{J.t£)d€
B CyMMUDOBaHME N0 V  COOTBETCTBYET DA3NMUHHM BHJIETADUMM YACTHUIAM.

B rauvecTBe MCXOZHHX AGHHHX MCHOJNB30BAHW MACCUBH KOA(QUIMAEHTOB NpU-
nmnaEEs  lejp (&), Nony4eHHHe B paMKax ONTMYECKON Mozenu nna HeliTpo-
HOB, TpOTOHOB ¥ o - wacrmn.

Ins OROTHOCTH YDOBHE! MCHONB30BAHH COOTHOWNEHUA MOZeNM depMu-Tasa ¢
feHOMEHONOrMYECKIMM YUETOM chapnmBaHug, [IporpaMMa Hannmcana Ha aA3uxe ANTON-
~60 (zns tpaHcmaTopa TA-INM), o0beM TPAHCAMPOBAHAOH{ NPOTpaJMH 6e3 MacCH-
BOB MCXOJHHX ASHHHX 34008. PaGora nporpaMMu Opraiu3oBaHa Tak, YTo AXS
JAERHOR SHepI¥M Majapmero HeiTpoHa pacCWTHBAWTCA GYHKUUA BO3CYXACHUA
BCEX ypOBHeli, KOTODHE MOTYT OHTH BO3GYEZEGHH B OCTATOYHOM fipe. Bpems pa-
6OTH OpOoTpaMMu AXA 337aHEOR HavanpHO# sHepruu K, MOXHO OIEHMTH KaK:
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(2RI +4)
t (En)— Q5 —z— (En-bmarn) 05 (uce) |

rae I - cnme Azpa MMWEHKH B OCHOBHOM COCTOSHHENS
Ui~ mar mo SHEpTMM DACCEAHHOro HelTpoHA (B M3B);
£mox» = SHEPIHA NOCHEZHEr0 DA3DENEHHOrO yPOBEA B CXeMe ypoBHeld ocTa-
rogHoro sazpa (B MaB).
CymeCTByeT MOIMGMUMDOBAHHAA BEPCHA NPOrPaMME "HyPuopn®, KOTOpAA B
nonozrense K (I) BKIDYaeT BEPOATHOCTH UCHYCKAHWS HEUTPOHOB HA NPE/PABRO-
BecHolt crazum [I] ®, COOTBETCTBEHHO 3TOMY, NEPEHODMADYET OCTALBHYN 4acTh

(I.) L]
' x
| G(En,fi) =T 2L, 1) <2 C’Z},#(ﬂ d”)@?x(E» X

Z " ﬂ;-l (En-E14)gna
I 1L, T R(EcB.Y)
¥ (ansgf c =z
Lal, R Jr
7 Prtgn  Fa@n G Ty (6)

S~ _2mEi * x 27 . X
C:JZ' ‘zznd 9’1" ) Czéﬁl} .}.{) (2‘7+I)7€-c:/'f (gL)FZZ‘/o (/‘:TB,,)’QS“/02$+5,‘)-7‘£

X (/_ et_z)} .

0THOCTD YACTHUHO-IHPOUHHX KOHPUTypamuit OmpeZeinseTcs B paMkax MO-
ZenH CBEPXTEHydYero AApa.

JUTEPATYPA

1. I.I.Griffin. Phys. Rev. Letters 17, 478 (1966).
M.Blann. Phys. Rev. Letters 27, 337 (1971).
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[POTPAMMA PACYUETA EEJTPOHEHX CEYEHME (IFC-2H)
AT .JOBCGEHEG

dporpeMia NpeXHABHAUSHA JNA paciera B paMKax ONTUECKOH woxexk
;8TSSMA  YHDYI'OLO DAcCesEEs Os , CeUenus NOTJiOmeHEs Oc , DOMiSTO
veusmms 6t [U , @ TaEKe CEUEHEA Heynpyroro PacCesHER ¥ DANMBUAOHETTC
3axsaya 3 paMEAX MOZMIWOMPOBAHHHX COOTHOmMEHAd Xaysepa-Pembaza (2 :

%Q) (E trn} i
5 (EEm) = KJ(ZL,,, (@I )&E) -E—l T
T Zoe & (660 SEC T
Gny (E) = —;721—,,, Z (2.7#)0,}(5) STIET ‘5{5’ 57

* SEL 8 b ie ?"5}2 ‘9(/'(5 En,

xz
o :
3necs S -~ NONPABK3 HA (UYKTYyaluD WHpRH, Q 9‘/ (E)  cpazauc
7 OOTHYECKHMA KODDIUNASHTAMH NDOHALAEMOCTH Tej (E) CaeAyruMi 00PaA30H:

8y () = & (1~ VirgTyiE) ),

rRe g (0 «¢ €1 ) napaserp, Onpezensomiil KOpPEAALMOHHNE
CBORCTBA COCTABEOTO AAPA.

Bupaxes®a Zas € (E£) r ¥ (E) OnpenennnT SHEPIeTHYCCKYD 3a—
FRCHEMOCTH DMDHEHH DaZMagROHHOIO 3aXBaTa M HOojHOfl DAAMAIMOHHOH MUDHHE.

8t
E(F) = of §146)p(Bn*E-5,0)d 6y
oL TG HE NP (B +E~6,0) ATy

J

8a, 3
3= o € L(E)p(Ba-8,00dEy
S €1 )P (B ~Ep O)2Ey

. é
Saecs £/(€y) YWITHBAET AONOAHMTENBHYD IO OTHOmEEUD E &) SHED-
FeTBYECKYD BABACUMOCTH pazuammonsolt cunosoft fy=rmua (3]



—‘_7—

3aBUCHNMOCTE IUIOTHOCTR ypOoBHel OT cnuHa # WCXOXNHOCTH B3AT& B BHIE

(7+ %)

P %) = £ Pp0N2T+1) exp {‘ 2 83(u)

® 1A SHEPIeTHUeCKOl 3aBUCAMOCTM NAOTHOCTM ypommel P(E; 770)
KCOONBE3YNTCA COOTHOMEHUA MOZexw (QepMu-Tasa WIR HOAENH CBEDXTEKYYeTo
aznps [3 .

Hapazly ¢ MCXOZHHYM JQHHMMK, ONMCaHHHMM B [I] , Z7A pAcYeTOB N0
IPC~2M HEoOXOZMMH 3HAYEHMA MapaMeTrpa g H  JONOJHMTEAbHHX NapaueTposB
IJIOTHOCTH ypoBHe#. BpeMa paGOTH MauWHH AAfA OZHOrO 3Hayenus E saBucuT OT
3HaYEHAA COMHA SApa-MUmeHHM, YUCHa BO3CYKJAeMHX ypOBue# ( m’ <25 ) M 3Ha-
YeHEA © .

JUTEPATYPA

I. A.T'.JloBbenxo, B.E.KoxecoB. Ilporpamya pacueTa HEJHTTOHHHX ceyewd:

o omTwdeckoil monesm ampa (IPC-2). Cm. HacTosmpii cGopmmk. CTp. 3.
2. P.A.Moldauer. Rev.Mod. Phys. 36, 1079 (1964).

3. A.T.jioBOenko, A.B.Wrzarkx, B.A.ToacTuxoB. llpenpusTt @Sk-293 (I97I)
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OPOTPAMMA PACYETA CEWEHAY PANMALMOHHOTO SAXBATA
BHCTPHX HEJTPOHOB 0O CTATHCTAYECKOX MOLERM HIPA
(IIPC-3)

A .JosGerR0

OporpaMma npeiHasHaueHa ZNA pacueTa NApUMANBHEX K NOJKOrO CederEH
pPafEaUnORHOr0 3axsara HelTpoHoB ¢ 3Heprued zo 20 MaB. Ceuennme pazma-
HHOHHOT'O 3aXBaTa NPeACTABIEHO B BUAEL:

4
. Grye (27+4) e (1,9
Ony (€)= zeiemiy 2 b T 2t (£ Ere T () 4 (E,7)]

£ L(E7)z § [ T€1L0 To(E-@) & pw-d, ix) du
YVUATNBAET KOHKYDEHIMD YDOBHE} Heynpyroro pacceflilf, XapakTeDHCTHKE KOTO-
PHX CMPENENANTCA MINOTHOCTBD ypoBHelh L(vic) .
3zech rgﬁ‘;:’) - NONHAR pajMalMOHHAsT WHPHHA,
fefwy)=X ,’7-7{":’9- DBAMALNUOHKAEN [MPHHAE, COOTBETCTBYLEAR pALUAUACE~
HOKY 3aXBaTy He{TpOHa W OTNHMYHAEA OF NONHOf# DaZMAUUCHHOf IMDAEE M3-33
HOHKYDEHIMM NpOLECCA BHIETA HeliTpoHa C NpoHeccoMd HCOyCHaHud XaCKafHuy
Y - KBaHTOB,
lep(47) ~ onpezensier BEPOATHOCTH NEPeX0Ola HAPa B COCTOA-
H¥e C aHepruell Bo3OykAeHHR, MeHpmelt IHepIuM CBA3M HeliTrpoHa, NyTeM HChyc-
KaHuag ~t  GOTOHOB.

D, f y
[t .z:u’ ! ‘c‘:‘g%“" Tefe-£o)rd(E,9) BeATpORHAA WUDMHA,

KoadpiuuuenrT f:_r: YUATHBAET COXPRHEHHE 3aKOH MOMEHTA KOINUYECTBA ABMEEKEMS
¥ 49eTHOCTIM. . .

VcXoZpuMy ZaHHHMU ZNA PAcCYeTa ABAAKTCA ', B 5 00 & b2 =~
HNONPARKM HA CIIAPUBAHAE HYKJIOHOB LJA COCTABHOIO ANpa U ALpa-MEHeHM;

aq B 4. - papaMeTpH MAOTHOCTM YpOBHEH ZnAg cocTasdoro fApa R

AApa~MUlleH¥ COOTBETCTBEHHO, & TaKke = SHEPI'dMM, CIMHH Y UYETHOCTYE H3BECTHHX
AMCKPETHHX YpOoBHell ¥ napaMeTpH ONTUYECKOrO NOTEeHUNas:E.

B xavecTse OKOHUATEJIPHHX DPE3YNBTATCB Ha MeYaTh BHAAWTCA NAapHUABHHE
B NONHOE CEYEHUA pearuuu ( n,p ). [Iporpamua no3BoiseT NPOU3BOLUTH pacuer
ANA OPOM3BOABHOI'O Badopa adepruil.



- 19 -

ONPEAEREHUE TAPAMETPA ¥ BHWICIFHAE ILIOTHOCTH
BOSBYEJIEHHHX COCTOAHMA ALEP

A.T'.Jion6enxo, A.B.Araarmx, B.H.Dycun

o sajanHoft nIOTHOCTH HelUTDPOHHHX Pe30HAHCOB Dips ( B, o ) upm
aHepTHK cBA3W me#irpona B. m cnmma szpa wumesw I, onpezenserca na-
pauerp MNOTHOCTU YPOBEe{ @ W BHUMCNAETCA IJIA 337AHHOT'0 3HEpPreTHYec-
KOI'0 AMana3oHa I[JIOTHOCTH BOBOYKASHHHX COCTOAHME Azpa.

Insa onpejeiieHNA HIOTHOCTA COCTOAHU{ UCIONB30BAHH COOTHONCHUA MOZE-
I¥ CBEpPXTEKyuero fipa B NpUOJIMEZEHUM HENPEpHBHOI'O CIEKTpa, NapaMeTpaMy
MOzen¥ SBAAKTCA KOppenAnuoHHue QyHruu¥d A= ¥ Ax  ZNA NPOTOHOB H
HeliTpoHoB. lIpa A, =4y =0 nporpauma onpejiessieT napaMeTpH Mo-
Jenu depuu-rasa ¢ sbdexTuBHON SHepryeit BO3CYKACHMA.
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IPOTPAMMA PACYETA CEYEHAM HPFMOI'O ¥ XOLIEXTUBHOIC
PAIMAIMOHHOIO 3AXBATA HEMTPCHOR

A.T . JoBGenko, A.B.lirmarmx

[iporpaMMa npejHa3HayeHa AJNs BdUMCNEHUd MAPUMENBHHX CEYEHMi Daiwa-—
IMOHHOT'O 3axBaTa M XECTKO# UacCTH CHeKTpa J - JIyuell Ha CCHOBE CXeMa-
THUECKOW MOZENM TPAMOTO M NONYHPAMOro 3axsara [I] :

< 8% MRS\ , ,
DZJ = 9 Py (Ae ) dX’j’ (‘?’J -f/}SOI-JIFe/;j/ X

oo
2
X ) 5
| Jucir) coyirirar
3Iecy “y ® K - BOJHOBHE YWCJIa Y - KB3HTOER ¥ HEUTDOHA, A - MDE-
BeleHHas Macca, <Sj) - ISOMETDUUECKUV MHOXMTENb ANR IMHONBHHX MEDeXC-

LOE, ({¢j - BONHOBHE QYHKIUM MOZERY OOONCYEK ANA KGHEYHOTQ OZHOYACTUY-
HOTO COCT ORHHH, ejo - BONHOBHE QYHKUMM ONTHUECKOW MOZENE LIA NaJalLero
denTpora, Fejj'~ KOSDEMIMEHT yBENMUEHAR CEUEHMA 33 CUET KONNEKTHBHOTGC
MeXaHu3Ma UCMYCKaHMs |y - KBAHTA, [PELYCMOTDEHH DAsNWUHHE MOXMGUKALMK
1R KodpQUUMeHTa Fejr , CBASAHHME C €TO DABJMUHMM OMACAHMEM B Cy-
uecTBybimx Mozeasx [1] .

Bonee NMOZPOCHOE ONMMACAHME METOZOB BHUMCIEHMS NPUBELEHO B DAOOTE

fo] .

JUTEPATYPA

1. G.E.Brown. Nucl. Phys. 57, 339 {1964,
C.P.Clement., A.M.Lane, J.R.Rook. Nuci. Phys. 6&. 273 (196%;.
L.0.Sapuurut, A.AJiyoeuxoe, M.T.Jpus. A¢. 3, 432 (1966}.

2. A.T,.loBSedko, A.B.Arnarwk. O3M-3I1 (I1971;.
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IPQrPAMMH Jifif HHTEPHORAMAA A KCGMIOARTHOTO OFEZCTARIEHAA
JAHHHX MO HEYOPYI'OMY PACCESHMO HE{ITPOHOB METOZOM
ICEBJIOYPOBHE}

B.H.Nlonos, B.l.llpoHses .

IporpaMH npefHa3HaUYeHH AJNA MHTEPNOAALUMM M KOMNEKTHOIC TNpeicTasie-
HHS XaHEHX IO HEYNPYroMy DacCesfH¥D HeliTpGHOB B MHTEDEaJe DEEPTEY
0~I5 M38. OcHOBO}t MeTOZA ABAAETCA MCOOIB30BAHUHE NPOCTOH NapaMeTpU3aNAR
dopuu PyHKIUW BO3CYXAEHWA YPOBHA MIM IPYNmH ypoBHefl mupumoi 4« =0,2Mos.
®ynrumA BO3CYRACHHA S () AanmpoRcEMuUpyeTcda (yHKuMel MaKCBEIXOBCKOI'O
THIA:

“d; : _ . \
S(x) = s (AT -E’X/]dL}Ple"exp('éclz (I)
=1
b (3 adi =67,
p’ =1-f-F,
P = #,
Fs =F;
X =En, —Ej'
ameck En B Ej - 3HEPIEE Nanammero HefTPOHA ¥ OHEPTAS JDOBHS WIZ

TpynnH ypoxrHeft.

Pyy Py, P3, 6/,6:, 65 - mapumenbHHe BkIAZH ¥ KOIHIUIMEHTH ,Ompene-
ISpEEe DAPHEH MSKCBEANOBCHEWX GYHKIMi;

A ¥ T - MaxcHuayxpHHE BEXMUMHEH CeUEHHA BO30YXZEHHA YDPOBEfl ¥ DACcCTOf~-
HAe OT NOpOra A0 MAKCHMalbHOTO 3HAYEHHA (YHKOWMM BO3CYEASHUS YDOBHEH.

TagMM 0OCpasoOM NS OOKCaHHMA (QYHELME BO3CYXZCHUA KEEAOI0 YPOBHA HEO(~
XOXMMO 3HaTh 7 napauerpos: A, T, 5., 0,05, # F . 0GNacTs paspemeHHHX ypas-
Hell oCTaTOUEOro sApa BRADYEGET 8 Ipynn ypomHe# ZNA OUHCAHUA KOTOPHX 3aZaNT-
cd 56 napaxerpos. :

B ofxacTM KOHTHHHYMA YPOBHO# CUHMTAEPCH, YTO NEpPAMETPH [NABHEQ MEHHDT-
cd Or OjHOM rpynmu ypoBHeH K Zpyroff ¥ nozGMpapTCH BOCEME ROI(IMIMEHTOB
pasnoxeHEs B CTeNEeEHOl pAZ SHepreTHUecHO# 3&BMCHMOCTE AJIf KaxJoTo E3 7
napaserpoB. HoaGop napaMerpoB OCYLEeCTBIACTCH OO0 HAUNYYNEMY OHNHCEHN® EMSD-—
REXCS SKCHOPEMEHTANBHHX IAHEHX ANA GyHEoAR BO3CYEIEHEHA YDOBHeld, NOIHEEX
CoYeHA# K CNEETPOB HEYNpPYI0 pPACCefEHHX HEUTpOHOB.

HMenmuecs HPOTPEMMH IO NOXOCPAHHHM NApaMeTpaM NO3BOAANT DACCTHUTETH:

1. QyakpguE BO3CGYXACHMS I'PYNN AN6PHHX ypoBHef B HEHTepBale dESpruf
ypoBHe# ocrarowEoro sxpa C-IS5 MaB; ’
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2. CeveHEe HEYNPYroro pacCeRHWSA, ECKGXEHHOE BHKASNOM 7 - EPATHOTO
NCIYCEAHNS BeUTDOHOB, Te8e On 1206, 4, +36n,3n ...,
3. Cywisprult coeKTp paccefZHNX ReliTporoB #3 peakrmh (n,n') ,
(n,2n) | ®¥ (n,3n) .
4. MarpEOy IPYyNNOBHX CeYecEul HeynpyraxX Nepexof0B NpE IOOOM pa3dame-~
ERN B3 IpymnH (uMCAO rpymn Be Goampme 26).
. IporpeumMs HamMcaEH Ha s3uxe ANTOI-60(TA-2). Bpeus padoTH nporpauu
ans uamwH Kxacca M-20 or 2 zo 20 uuH, TeKcTH OpOrpaMd ONyGAMKOBAHH B
pacore [I} .

INTEPATIPA

- I, B.A.lonoB, B.U.TpumoBa, B.M.Cnyuesckaa. Bwinerers lieETpa mo
ANSPHEM NOHEHM. I968, Bun. 5, crp. 1I6.
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AITQI-MPOTPAMMA OIS AIMPORCYMALMA SKCHEPMMEHTANBHHX
JAHHHX OPTOI'OHANBHHMMA HONUHOMAMA CO CTATHCTH-
YECKIM AHARHA30M

A H.laBnernur, B.A.ToXCTHEOB _

[IporpawMa peank3ayer aAT'ODUTM HaXOXAEHHKA METOZOM HAFMEHBIMX KBaZpa~—
TOE KO3)fMIMEeHTOB CTENEHHOT'O NMOJNUHOMA, ANNPOKCUMMDYKRIIEI0 UCXOMHYD COBO-
KYyOHOCTH SKCHOEPUMEHTENBHHX JARHHX,

JKCnepUMEHTaNbHHe JAAHHHE INpezCTABAANTCA B BHAS 3-X MACCHBOB X,

Yxs Ze o TEE K = I,000sym, BOECH T Yo - abCHUUCCA W OPAMHATA BKC-

NepUMEHTaNbHOY TOUKM, a Z« -JIU60 aCCONPWTHAA, NNCO OTHOCHUTEJNbHAA OmNMOKA
H3MEPOHHA OpDIAMHATH Yx . '

[Ipr BYHYACIEHMAX, HE3aBUCHMO OT BMZA NPEACTABICHEA BEIHUMH Z. ,
MOTYyT OHTH HMCHOJNH30BAHH BECA Wx TpexX BAJIOB:

1. Wx = I;
2. We=gz , rAc 6x - aScounrHad OWUCEA BeNMWIHH Y« ;
3. WK=3-{‘1 s TIE 6 = % - OTHOCUTENDbHAi OLMOKA BEIMWHH Y« .
ANNpoKCAMMpYDIMY HOAMHOM HMEETCA B BHZE:
= - 6 Y (x .
Un (%) LZ; . e (%) (D
rme Vi (x) - OpPTOrOHANBHHE HA NFOXEeCTBe TOYEK {xx}  K=I,.eeey

NOAMHOMH CTENeHH ¢ , HOPDMMpDOBaHHHe Ha I.
CrelneHb ANNPOKCHMMDYWLEI'O NOJNHOMA #o ONpPEZENAeTCd NYTEM NpOBEp-
Km rEnmoresu 6c = 0 AnA BCex K030PUIMEeHT OB b: monunoMa (1). Jna aroro

i-p)

CPABHMBADTCA TAONMYHAA BENUYUHA AJIA pacnpefienesys Oumepa F,5 7 '
NOAUMHADLASCA ITOMY paclpefeleHuo BeAMUMHE .2 . 34ech V="2"7-1
P - ypOBERb 3HAUMMOCTH, 8 On - [OIYUeHHAR ANA NOJIMHOMA CTENEHH

ONEHKA ZMCIepCUM U3MEePEeHHOUl BejMyMHH C BecoM, paBHmM 1. Bce Koadpunues-
'y 8. , AN KOTODHX YKa3aHHAd T'MNOTE3a OKA3HBAETCH BEPHOM, NPUPABHE-
BaWTCA HYAD, McxozHan 3ajjaBaeMasd CTEeNEHP NMOJKHOMa 7+ JIONXHA OHTH Ta~-
Ko#, 4TOOH N0 Kpaiieli mepe br = 0. B pesynpTarT® TaKOI'0 CTAaTHCTHYECEO=-
IO ananu3a Onpejensercd CTENEHb NOJMHOMa ‘o </ | BHYHCJIAECTCHA HOBaA
OUeHKAa 6. . lonuHOM (I) npeoGpasyerca K BHZAY (2).

OCHOBENE BWBOAMMHE De3yJAbTaTH annpOKCHMAUMHA:

1. Marpumu xosdduumentor nommHoMoB i (%)

2. Maccus xosppummentos bi, c=0,.--,

3. MaccuB KO3(}uULUMEHTOB CTENEHHOr'O MONKMHOMA

. no = E CLI—L
Yno (%) 2, 2)
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&, HaccEB K03((RMINEHTOB MONMEOMA ZNA BHYACIEHAR KHCIEDCHE BEIHYH-
BH Yoo (X)) 3

5. TaGamne sHayeHm# 4 (Xj) C maroM A* , BHYMCHERHHX OO (dopMy-
x6 (2), EX AUCHEPCHE B OTHOCHTEABHHE OMUCKH.

flar 4T woxer OHTH BHODAH NOCTOAEHHM B JEHe{HOM uIM ;orapufumgec-
EOM Macmrade. :

IlporpaMia Hanmcaua Ha o - §3HKE, JLIMHA NPOrpaMMu NPEGIM3HTENBHO

2000g.
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MPOTPAMMA PACYETA CHEETPA PEARUAA | (n,2n)-PBC
H.0.Fasa3snn, I.B.I'op6auesa

Nlporpamnsa~PBC “npeAna3nadena AiA pacyeTa CIEKTPOB NEPBHX E BT OPHX
HeliTponos peaguu® (n,2n) [I] .

Ecau sreprua Hel:TpOHA NPEBHESET SHEPTHD CBA3H B AApS-MEREHH, TO
OCTaTO4yHOEe AZPO, OCpa3ymHeeCH B pe3ynbTaTe HEeyNPyroro pacCeAnHs, MOEET
HMEeTh ZOCTATOUHY® 3HEPIMD BO3CYXAeHWA ANA WCHYCKAHWA e€He OAHOIO Hejirpo-
HE.

CneKkTp BTODHX HeliTpOHOB NpY QUKCKDOBEHHO{ 3REepru¥ BO3OYXACHAA OCTa-
TOYHOrO AP MOXRO 33MHCATH CREZYDLMM OCDa30M:

- £a
Tes (E)dE, =, £, -¢~ FlEs-5) dEs , (D
rae
E, - aHepruA HaieTaNmUX BeldTpoHOB;
B - nopor peaknE# (n,2n) ;

E; - oHepIun HepBHUHHX HeHTDOHOB;

EZ — 3HEpr¥d BTOPUYHHX HEHTpDOHOB;

E4 = E, - E; - sueprus BO30YEZEHUAR OCTATOYHOI'O SApA.

O0mmit cueRTp BTOpPHX HeETpPOHOB, HOXyucHHuUM nyreM MHTErpEposanug (1)
no E; ¢ BecOM BepOATHOCTM ACHYCKEHWA NepBOro HeHTpoHa ¢ sueprmedt E; o
0 B0 E,-B-E,

EaB-Fa _ _ L2 __&
LE)aE = Gty dE, [ € “FF ¢ FET at,’ 2
byt (- 8(Eo) - TepuORMHANMYECRAS teuuepérypa.
Ecau npuRATH
VEo-B-E, :
Eo-8-£;) = o) ° — ’
o( ) =8(Eo) VE,

TO AAR CREKTPA BTOPX HEHTPOHOB HOLyuTOH BHpaxeHRe:
. Eo
foBfa  EogmamEr tE(
I (E)dE: = Cydbyk, / £, 9 oE, ;

(3)
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Choeryp HepBHX HeUTPOHOB PACCUMTHBACTCA CHEZYDEMM OGPa30M:

£,
LE)dE, =CE, e Ol (4)

TR £, < (Eo-B)

Pacuer TepMOXMHaMHUECKOR TeMmnepaTypd €¢(E.) B nporpaMMe NpPOBO AT~
cs mo gopuyne:

plE) -V E
RES P

WU=Eo-RE(ES)+ A, 29€ 4 =0; a=7m2;

8(&) - NepBOE TPUONAESHHE TEPMOAMHAMUYECKO§i TeMmnepaTypH, NpAHAMacT~
cd paBHEM ~(0,541,0). OpenycMoTpEeHO: OTRANYSHUe OJIOKA pacuera € (E,),
BBOZ COOTBETCTBYDEEro Maccupa & (E,) c nepjorapz.

liporpauma PBC noasonseT NONYUYUTE CHEKTPH NEPBHX M BTODHX HelTPOHOB
B COOTBETCTRMM C fopmyzamm (3) 2 (4).

B mporpasse NpUHMMANOCH $MCAO TOYEK mO axeprmu E,, pasioe 150, Ha-
ngEcaia nporpauMa Ha s3uee ANI'ON-60 (Tpadcastop TA-2). BpeMsa cuera - Ba
DacyeT M BHAAYY HREQOpMANME IAA OZHOrO 3navema E,— ~ I MuH.

JUTEPATYPA

I. H.0.ba3asqran. Ouedxa cevyeHuil m COCTaBIeRKe MHOTOTPYNNOBHX KOHC-—
TAHT YNPYroro ¥ HeyNpYyroro paccesHUs HelTPOHOB AR pacyeTa PeaKTOPOB E
samnrH. HaHauzarckas zucceprauwsi, 00umHck, 1971.
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[[POTPAMMA PACYETA ROJQOUUMEHTOB PASHOXKEHMA IMOOEPEHUMANBHHX
CEYEHM! PACCEAHUA B PAZ MO DONMHOMAM JEEAHTPA
» IAPANEHK

M.d ,Huxonaes, H.0.5a3a3gun

Nporpauua” NAPANIEHK” [I] npesmasrauena zna pacueTa Koab@uOueRToR
(Be) npu noauHoMax JexaHuipa B pa3nokeHuu ZuddepeHOMANBHHX ceyeHU# pac-—
CeflHMA BHAA:
-
Opace () = 737 2

£=0

Be Fe (A (D

Roaodguumenrn pasnoxenns (B¢) B nporpamde [JAPANEHK HaxozdTca no cno-
co0y HauMeHBLMX KBaAPaTOB, & ONTHMAJBHOE YMCIO NOJMHOMOB JlexaHzpa (o)
onpezenaeTCA M3 YCAOBUA MUHMMyMA CpeJHEKBALDATHUHOI'O OTKIOHeHus anddepen-
OMANBHOI'O ceueHyusa (M3MEepPEeHHOrO MpH /s yraax) or ero pacueTHO! BENWUAHH:

A ” ,
S(v)= X [6n(p)-5 X, Be R ()] W 2)
4 7
3mecs W= 77 /g a? « af - CpeIHeXBazpaTHy~

Has omuOKa u3MepeHns AudGdHepeHUMAnNbHOT'O CEUEeHUs).

Ina onperenenua KO3JPUIMERTOB Be, ofpamawuux (2) B MUHMMYM, B NpOI-
paMMe pelaeTcs CHCTeMa JMHeWHHX ypaBHeHuit, moxyuaeMHx nyTeM zauddepeHUUpo-
BaHNA BHPaXeH#A (2) no BceM Be n npupaBHUBAHMA COOTBETCTBYDMAX YaCTHHNX
NPOY3BOAHHX HYJDS

——

A6 =T, (3)

A ——

IZe SHEeMEHTH Marpuus A M BeKTOpa C  DaBHH.
p M
n =57z . Pe(Mi) W P (s
4(’ (4$}2 i,z;l C(_/“) A {/‘1 ’ (4)
- '
Ca = Tx— £, On (J)W. P ()

M3 (3) nomyuaem:
B=4""¢ (5)

a

A
rne A - ~ MaTpuna oopaTrHas 4 .
llucnepCui PACCUMTABHUX TIKUM. 00Pa30M HOIGIMIMEHTOB pA3NOREHUA ONpe-—
ZeNApTCA IMAroHANBbHHMM DJeMeHTaMM o6paTHOft MaTphmH:

D (B 8, (6)
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rae Jd - TaE HasHBaeuas refepanbEan AACIEpCUA, AnA KOTOPOH B UpOrpaM—
Me MCIONb3yeTCA HAWGONbmEs M3 CIEAYWIMX ABYX ONEHOK:

d(No) = Smun (We)/(M-No-1), -
7

] 1

) 314 Jd = —ﬁ
£ Ya. 8)

Ao - DACCUMTHBACTCA B NPOrDaMMe X3 yCIOBAA MUKIMYyMa d () s On-
pezenseMoro BupaxeHmeM (7), TO ecTh MCXOZA M3 KpuTepua [aycca.

Ecar B 3as#cEMocT® J  OT A HaGAWAAETCA HECKOIBKO MYHUMYMOB, TO
IporpaMMa BHGMDEET TOT, B KOTODOM O (/) OKA3HBAETCA CPaBHMMON C OLEH-
Kot & 1mo omMGKaM M3MepeHumil (8). Ecam umemmyu Ha xpuBod J (#) ouenp
IIaBHEH#, TO B EKauecTBe A° B 00NACTH 3TOTO MAHMMYME B OPOTPaMME BHOH-
paercs. HaMMEHBEEee 4YUCAO ~ , IpHE KOTOpOM d(#) LOCTATOYHO GJU3KO K
oneEre (8) (TO ecThp OTN¥uaeTCA OT Hee He (oJlee, YEM B ZBA pa3a),

Oporpaxua "IAPAIEHK" cyuraer:

I. HoapdunnesTn Be npu nmoamHoMax Jlexazpa B pasnoxennmu (I) yr-
IOBHX pacnpezeneHurft.

2. OmuGrE roadduumentTos bBe .

3. Marpauy KOSDPMUMEHTOB KOPpEAALMH OmMGOK Bz .

4, Jraosoe paclpezelieHHe, BOCCTAHOBASHEOE C NOMONEN DACCUUTAHHHX
K0oaddUuMeHT OB,

5. OmuGry BOCCTAHOBIEHHO{t §yHKIUM B Kaxzof pacueTHoli Touke (C yue-
TOM KOppeJslHM OmMAGOK Be ),

6. AuddepeHnranbHOe CeYEHUE YNpPYroro pacCcedHus AJis NPOU3BONBEO 3a-
ZaHHHX LONOJHUTENBHHX BHaueHU# KOCKHyca yraa paccesnus (xo 17 zomomHu- -
TeIbENX 3H3a4eRHUfl).

Bce 9TM BenaMuMHH CUWT3DTCHA KaK B 1NACOpPaTOpHO#l CHCTEME KOODAMHAT,
T3k M B CUCTEME [EHTpA MHEpIUH.

MaxcuManbio BO3MOEHOE YMCIO TOYEK B 387aBAeMOM YI'IOBOM paclpelele-
HUE, NPEAYCMOTPeHHOe B mporpasMe "IAPANIEHKY cocrasaseT 41; MaxKcuManbHOe
QUCIO YNEeHOB pas3noxenua - 20.

[lporpaMmMa HanucaHa Ba A3pke AJTON-60 (TA-2). BpeMma cyeTa THOHYHOIO
BapHaHTa (6-8 wisHOB pasnoxeHuA, I5-20 TOuex IO yray ¢ EBujauelt ZaHHHX B
naopaTopHOf CHcTEeME KOOPAMHAT W B CUCTEME UEHTpa UHepLW¥) ONnpeneldaeTCs
B OCHOBHOM BpEMEHEM BBOZA M BHBOZA UHDODMAHAM ¥ COCTABARET -~ 3—4 MUHYTH,
lporpamua “NAPAJIEHK " MozeT cukTarh NOCHEAOBATENBHO NPOU3BOIBHOE KONMUECTBO
. BApUAHTOB. ' '

JUTEPATYPA

I. M. H.Hukonaes, H.0.,ba3assiun,. PasnozcRMe JKCNEPHMEHTAIbHHX ZAHEHX
10 yIIOBOMY pacHperelicHUD yOPYI'o paccedaHHHX HelrpoHoB mo noxyHoMaM Je-
xagjpa. bBRANAA, Bun. 4, Arouuspar, I967.
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[IPOTPAMMA " SIGMARES ©

B.0.Jiynes, A.A.IyKEAHOR -

[Iporcanna paccuuTHBaeT 3HepreTuuecKuft xoZ ceveraft pesxumuit B pe-
30HaHCHOli 0GNacTH SHeprufi ¢ yyeTOM Mexpe3OHaHCHOf murepdeperHuuy ¥
KOHEYHOrC JHEePreTMYecKOro paspeleHHs [I]

<6' (E))—- 65.2 /04 {24;_ u(z‘,‘§)+ 28L lr(lzu'?(.)‘}

llporpauMa Hankcada na asure WANTON-60" ans TpadcasTona TA-IM.
Hemonesosanue oneparopa "QOPMAT" noasonser Ha AHNY rpafuuecky mpezcra-
BUTH BBEJIEHHHEC 3JKCHEpuMSHTAaZBHHE JaHHHE ¥ DACCUUT3HEOS CEUEHHE KIS
JHeprernyeckoro murepsana I00 se B I000 Touxax. Bpems palorTu nporpamuy
I uac.

JETEPATIPA

I. B.l.Jysee, A.A.JykpAHoB. dpenpuur @3U-312 (1271},



IPOTPAMMH PACYUETA CPETHAX PACCTOfHMI MEEZY YPOBHAMEL (TAD )
B WX PACHPEIENEHHA (PAD )

X.A.Hopyarana

llporpaMua "TAD" nNpezEasHaveHa XA pacyeTa ¥ pacNeyaTKR pesynbTa-
TOB DA3JHYHHX ONEHOK CPDEeABEro DACCTOAHMA MEELY YPOEHfMYK F 3&BACUMOCTE
0T YRCIa DAaCCMOTPEHHHX pa3peleHHHX Pe30BaHCOB, lpezycuorped BBOL He Go-
nee 480 peaonarcos.

Pe3ynbTaTH BHBONATCA B BHZE TaCJ¥L, B KOTOPHe BXOZAT:
Ec¢ - 3Heprus ¢ -TO pe3OHAHCA;
Di - paCCTOAHAE MEXAY (v-7) ¥ ( -~THM Pe3OHAHCAMM;

0., Dy, D3 = DANUYAHE OLUGHKH CDEZHEr0 DACCTOAHUA MEKIY YPOBHRLY

CMHCH OUEEKM <, OUeBHI6H. R MNPSACTABIAET COGOE OueHKY < &

s
o W\

HaKIOHY KpUBOi#f 3aBucmMocTH ~(£) , 'Ie A& - 4KUCIO DE30HAHCOB paccKar-
DUBAEMOft CHCTeMH ypoBHell B uRTepBane O < & <SE .
Qs - onmeHKa X UEDE3 BEAMUMHY -9 2] , nomyuensyn B npez-

TNONOKEeHXl, UTO DACHpELEieHNS DACCTOAHMY MeRAY PEe30HAaHCaMi ONUCHBAETCH
pacnpenelcHHeM BUTHEDS., .

Ouenka s HauGoz;ee YYBCTBUTENbHA K OPONYCKY CnalHx ypoBsel.
oueBxa X. HaWMEHeeé UyBCTBATENBHZ K HeMy. 3aBMCHMOCTh BeIMuMH OLEeHOK
ﬁ), s @L u 5'53 OT SHEPTMM ROMOraeT ONpeAEIMTH TY 0O0JacTh 3JHEepruft, rie
NPONYCK PE30HAHCOB HECYMECTBEHEH.

Ins gaxporo 50-ro M (MMM} ANA NOCHEZHEr0 PES3OHAHCOE pPaccMaTpUBaAnTCH
zucnepcun X B < . Lucnepcus X; DaCCUUTHEBAESTCA cCOrjaceio [2] , Kak
(I0.~#) ™™, PEe 4 - WCNO DPACCMOTDEHHHX PE30HEHCOB (Npeanozaraercs,
yro 370 uyMcxno Soxpwe I10).

Iucnepcus <: OUEHMBAETCHA MO CpelHEKBazpaTUyHomy oTHioHedump A (E)
or mpamo# [Ij .

B xauecTBe MCXOZHHX JAHHHX 33KaNTCH:

a) MaCCUB DE3OHAaHCHEX 3Hepruil; _

6) Maccus OPHM3HAKOB TOro, K Kaxof cucTeme ypoBrel ;* OTHOCUTCH
JaHHE{ pe3oHaHC.

Oporpamya BHGUpPEET Te ypPOBHM, KOTODHE OTHOCATCHA K 33ZaHHOf cucreme,
B neyaTaeT TalJUIy DPEe3yNBTaToB ANA STOW cHCTeMu ypoBHEHR.

B RoHue Bcelt TaGmuuu neyaraerTcd 3Hauehde £ WEM Y paccMoTpeHEcH
CACTEMH ypoBHEl.



[

llporpamva Hanmcana Ha gaure AITQN-6G. locae Tpamcasuum Ba Th-Z
O0BEN OpOrpaMMu cOCTaBuser #ODOIO flueek. Ha pacyer cpexHux paccros-
HU} MeXZy YPOBHAMM M pacnevaTKy Taonmnoe u3 50 pe3cHancoB TpeSyeTcs
“* 3 MHH,

lng aHan®3a NMONHOTH ZAHEHX MO Ei OOHYHO CpaBEMBANT JKCIEDHMEH-
TaNbHHEe paclpeZeNenus i§; C TeOpPeTHYSCKEM,

liporpamua "PAD" NpeZHA3HayeHa Ans STOH uenn Teopewuqecxoe pacnpe-
ZeneHue pacCTOAHUHA MEKZy yPOBHAMM o4 (%)= 3 Zxe - 55— npexcras-
NAE€TCA B BUZE NpAMOK 4 = 22 s €CJ¥ 1O OCK < =0B OTIHOEUTH B JHHEHHOM
yacmTade BenduuHE «x , MONyUEHHHE U3 PABEHCTERA: J’(u)¢X=:£§ .

Tpanuus HTEepBanoB (« Hag ~ = 20 B3aTH W3 padors [I] . lipor-
pauMa "PAD" NO3BOJNAET PACCUMTaTh KonMuecTso i = E£i-£i+ | KoTOpoOe
nonazaer B K -l MHTepBanm pacnpejeseHun., Pe3ynbrarThH BHAAOTCA B BUIE
raéauik. [Iporpauma raxze Ramucasa Ha a3uxe ANI'ON-60. [ocne Tpancaauuu
ua TA-2 oObeM nporpaumMu cocrasaser *~ 2088y, Aueex. Ha paGOTy mporpamus
co cmoxHol BHZaved TpeGyeTcH He Golee 3 MMHYT . :

JUTEPATYPA

I. 1.l,AGarad. Meronu yuera pe30ORAHCHHX 3(BdOEETOB B I'PYNNOBLX KOHC-

-

TaHTax AJA pacueTa OHCTPHX PEAKTOPOB. IMCCELTAIUR. WeASXec, -71.

2. X.Manouxu, I.B.Nukensnep, U.M.Canamarun, 3.h.lapanos. Cratucri-
YeCHEN aHaiua CNUHOBOY 3a3BMCHUMOCTH HEeATDOHHHX CUNOBHX (YREUAP fAZep.
OUAKR P3-4484, LyocHa, 1969.
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TPOTPAMMA PACYETA CEYEHUR B OBJACTE HEPASPELEHHHX
PE3CHAHCOB

A.Jl.AGarae, M.H.HEEKOnaes

Kounnerc gporpauu ‘HEPIA® npezHasHawelE AlA DOXYYEEUH HNOATPYNNOBHX
03paMeTpoB, NO3BOIARNMMX YUHTHBATH DE3CHSHCHYD CTDYKTYDY CeueHuy B OG-
IaCTH HepaspemeEHHX De3oHaHCOoB."HEPHA® BKnnuaeT B ceff nporpaMuu“PENA’
g ool (1 .

B nporpaume PENA"z1a 3azaHHoff 3HEPIeTHUYECKOll TOUYRM BHUKCAAWTCA

MOMEHTH KB&5 > (=5«<n<3) . JruoBHe CHOGKM O3H3UADT
YCpeZEeHHe IO pe30HaHCHOY CTDYRTYpPE B OKPECTHOCTM 3Hepruw E B npeanono~
XeHH¥ O CIPABEZINBOCTH CTATHCTMUYECKEX 3aKOHOB pachnpereneHnfi DUDUE X pac-
CTOANEA MeXIy YDOBHAME ¥ B OTCYTCIBUM KOPPENAUME MERZY PE30HAHCHHMM N&-
oaMeTpaMi.

Acxomiof mEbopMamme# nperpammu ‘PENA" ABAANTCH CpefHMe DE3OHAHCHHE
GapaMeTpH 1 KAEIGH CHCTEMH YPOBHEHR C JAHHHME CIMHOM 7 ¥ YETHOCTED

a
e -

.@ﬂ - CperHSA PAf¥aNUOHHAA DNHPHHE,
S% - cumomasi (YHROHA, o
7% - CpemHAR DMpMHA AIs HEYNPYTOr0 DACCERHEA (AW ¥ - cpez-
A9f ZeIuTelbHas WUUDHHAE).
Y4CIO CHCTEM yPOBHEH He NOIEHO NPEBHEATH NECATH . [A paccMarpuBas—
MOl 3HEPTMR TeHepUDYDTCH NAPAMETPH KBA3UCIYYaliHOl MOCHEeZOBaTENBHOCTH
2(; pescHaHCOB [2,3] , KOTOpAs ONMCHBAETCH TEOPETHYECKAME DACIpEZelde—

HAFAME OTHOWEHHH:

- al T VR S TR <A - S )
n Fen [ =3 b e 7 )
7 J [ i %;{,L

TaguM o0pa3oM, OpM pacyeTe CeyeHKY yUMTHBAWTCR QUAYKTYAUMd HELTPOHHHX @A~
DHE YODYTOI'0 M HeyOpyroro paccesHus, (QAyRTyanus paccTofHull MexIy ypoBHA~
ME B NPEANOXOXEHHH 00 OTCYTCTBAK KOppemaluii Mexay napaMeTpaM# COCEHHX
PEEORAHCOB ¥ MEKJy BeIMYAHaM¥ HelTpoHHOU WWDHHH M WMPUHN. HEYNpYT'OT'Oo Dac-
CenHEs (BJR ZeleH: ). '

o papamMerpaM 20 NOXYYEHHHX DE30HAHCOR PACCHUATHBAETCH PE30OHAHCHAR
CTrpyETypa ceueHnii, Ilpy 3TOM B DACCMaTPHBAEMYD 3HepreTAYECHYD TOUYKY [O-
Memaercs KaxXpHif B3 20 pe30HAHCOB NMOOYEPEZHO,

Eax ® 5 nporpamie”YPAH" [4] cevenus omucuBapTCa MopMmynoft Bpaftra-
Brreepa ¢ yueroM adderra Jomnrepa R mHTepdepeHOMHM PEe30HAHCHOT'O ¥ HOTER-
IRaNBHEOr0 paccesHMs. [Ip® pacuere CeuyeRHil yumTHBawrcsa BEIaaw I0 pesoBan-
COR cupaBa ¥ 9 pe30HAHCOB CIeBa& OT pPACCMaTpPHBAEMOro, Ha OCEOBe oHepreTH-
YeCEOT0 XO0Z2 cedyeHait Amsd Kaxzolf cucrems ypoBHe# ( 7, & ) BHUMCHADPCE
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MOMEHTH {6x S, 77 (O<n<3) BuuMCHEeHHE
CPeZHEX MNPOBOAUTCA NyTeM HHTEIpMpOBaHWA, METOAOM Tpamemu$ COOTBETCTBYD-
DX BeAWUMH B NpeZenax Kaxaoro ua 20 YPOBHe# C nocieAySmAM yCpEIHEHAEM
pPE3yILTATOB OO BCEM De30OHAHCAM, '

M3 MOMEHTOB, NONYYEHHHX ZJd Kaxjoff cUcTeMu ypoBHell, cocTamifbrCs
O0mAE MOMEHTH { By 6? > (2ns <n<d )
B NPEANONOREHUN O HE3aBUCHMMOCTH CUCTEeM YPOBHe#f C pa3KuMM CNHMHAM¥ A YeT-
HOCTED.

Inga nonydenus "OTpUIATENHHHX"™ MOMEHTOB (T.€. S<ne<l )
Ha OCHOBE 3HepreTHuUecKolf 3aBUCHMOCTH ceueHuli onpezensaprca noxuue (T) u
napuMansiye ( Tx ) GYHKUMM NDONMYCKAHMA INA KaXZOK CHCTEMH ypOBHEN (Jg?f)
B 34BUCHUMOCTH OT TOJUMHH - ¢ 3

-GlE)¢
€

T ) =< )

) -G(E)t
() = s (6e P

Jlajee MO ITMM LAHHHM DPACCUYTHBAKNTCA NOJHHE ¥ NMApUMANBHHE QYHFIURE N0~
NyCKaHWA C YUETOM BCEX PAcCMaTpUBAEMLX CUCTEM ypoBHeli.

lpn czenaHHOM NPEeANONOKEHUM O TOM, YTO MOJNOZEHHUA W WHDPHUHH Pe30HaK-
COB, OTHOCANMECH K DasHHM CACTEeMad ypOBHEN,He KOppemMpywT APYr C LDYyrox,
PyHKUMM TMPOMYCKAHWA BHPAXaKTCA KaK:

T(t) =N T
b ’
)
Tx t
()= T(t}'}‘;x T2 (¢
Pacuer Qyukuufi nponycxauusa BeleTca Iaa 5C 3pavenul tonamue T, Bu-

Gupaeuux nporpammolt PE[IA Taxkuy o0pa3oMm, UTOOH OSECIICUMTH IIPUEMIEMYD TOU-
HOCTH BHYucneuun (no opmyne CUMNIICOHA) MHTErpanoE:

a}‘ prag ~-1 \
(& =25 [t e at

Ha ocuoBe moayueHHHX B nporpavse PEIA umoMenTOB no nporpasue COM
MOXHO pPAcCuUMTaTh MOAIDYNIOBHE NapauMeTpH Aid KazxZoll aHepruy B 06JACTH
HepaspemueHHHX pPe30HaHCOB.



lporpamus Banucana Ha fA3ume ANIOI-60. [locne tpadHcasmuu Ha TA-2
o0BeM NporpaMM: cocrasafger ~— 4000 aveex.,

Ha pacue? nOArpyNNCBHX NapaMeTpPOB B OJZHOH# SHepretTnmueckofi Touke B
ciyuae 3-X cucreM yposuelt HeobxozumMo = 1 dqac Bpesmeunm JBM M-22(0.

IUTEPATYP A

I. M.M.CaBochrEs, 3.9.Cwmwma, B.B.Cmmmma. [IporpamMa pacdera
OOATPYONOBHX mapaMeTpoB ~ COM. Cm. macTosumi COODHMK.
2. J.J1.AGarss. MeTozmH yueTa pe30HAHCEHX 3QHexTOB B IPYNIOBHX
KOHCTAHTAX AlA Pacyera OHCTDHX PeaKTopoB. AMCCeDTauuA. Meaexecc. I971,

3. M.H.dexonaer, l.[.AGarae, i.B.lerpoBa, T.A.lonnasckad, X.A.Hop-
YarAHa. Merdxnxa pacyeTa TpPYNNOBHX CEYeHMI B OCJACTM HEPA3PEUEHHHWX pe-
30HaHCOB. Jloknaz Ha COBETCKO-FpaHIy3CKOM cuMno3uyme. Mezexecc, IS70.

4, l.,AGaras, M.H.H#eonaeB. liporpaMus pacdyera CedeEUit B De3OHAHCHOf
o0nacTe 3Heprmy# - JPAH. Hacroamu#t cOOpHHK.
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IPOTPAMMA PACYETA CEYEHUH B PESOHAHCHO! OBIACTH
SHEPTHEl -*YPAH*

M. H . Hugonaes, I.0.AGarae

Oporpauma“YPAR" npesHasEayeHa ANA ONMCAHMA CEUYSHUYl HENENAANMICH
fAZep B O0NACTH pas3pemeHHHX pPe30HAHCOB, llporpaMMa no3BOAfAET PACCUATHBATH
Pe30HAHCHYD CTPYKTYPy HOAHOro ceyenus ( 6t ), ceuenus saxsara ( Ge ) R
ynpyroro paccesrua ( 6; ). CeueHHA PACCUMTHBADTCA HA OCHOBE HOPMYNH
bBpailra-BurHepa ¢ yuerox spdexra Lonmaepa.

62 (E) = Gp + ;‘: 67"1) (E)[‘»‘j(E, T)-Clzs(3‘4/E))+»¥;(f,T).Sm(zgj(f))];

_ . , r'l'

rae 6p - ceuenme HOTEHOUANbHOIO p&CCesHNud ;

635) - CevyeHWe B MAKCHUMyMe DE30OHAHCA, YMHOXEHHOE HA KOHLEHTpaUURn
A30TONa;

¥, ¥ - QyHKUMM JONINEPOBCKOTO YUMPEHUA PE3OHAHCAE ;

Y - $a3a uHTepdepeHUMH DEe30HAHCHOTO W NOTEHIMANBHOT'O pacCesHUs
= DACCUMTHBAETCHA U3 CeuyeHud, OOYCNOBIEHHOI'O COCEZHMME pe3OHaHCaM¥ Tofi
i€ CUCTEMH YypOBHEeH, UTO ¥ ZaHHRY, M CeuecHMs NOTEHIMANBHOI'O pacCesHHfd.

[lporpaMma“YPAH" no3ponfAeT DACCUMTHBATE CeUEHUS IR CMECHM U3QTOINOB,
i{poMe 2HEpreTHYECKOT'0 XOXa CEeYeHMi nmporpaMMa I03BOAAET B 38ZAHHHX KHTED-
Banax sHepraff (rpynnax) monyyaTb:_ _ _

a) cpezEerpymnoswe ceuesus Oe , G , Gs

6) xo3QfMUUeHTH CaMOIKPAHHPOBKM B 3aBUCUMOCTH OT TEMNEPaTYDH CpEZH
{(T)¥ oT ceueHun pasGasacHus (Go ) AAHHOI'O BIEMEHTA APYI'MMM HEPE3OHAHCHH-
ME SneMEHTAMB £, (T, 6), L. (T,Ga); e (T, 65) ~ (cu. pagory

m s - '

B) NOIHHE K napuuansHue QYHKOMM NPORYCKAHUA B 3aBHCHMMOCTH OT TOAUM~
HH o0pasna: '
past fg—gt(E)'t'. ¢(E)d£

S HEE

Te) -

Tet) <2/t E) %O )t

I) MOMEHTH Bua O B GxG" gma -5 <ms-l;-5=sn<3 ,
Bce yCpeXHdeRMs NO 3HEPTMX B NpeAeNax IPYNNH MPOBOAATCA METOAOM Tpaneuui
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10 CHEeKTpY ‘$:=ER (R - mdoe 3a73BaeMoe waACnO). BHGOD MeTOZa KHTEIDE-
POBaHEA OOYCIOBIGH NSDEMSHHHM NArCH II0 JHEPTHE.

B mporpauue "YPAH' npeXyCMOTPEHS& BO3MCEHOCTE OZHOBDEMEHHEOI'O pacyeTa
cevenndl B I0 sHepreTHUECKNX Ipynnax, KOTCDHE MOTYT coZepxaTs zo 60 pe-
30E8HCOB.

JHepreTRYECKEE TOURM BHOMPADTCH B COOTEBETCTHBEM C dOpuMoP O, H ux
ZCAAYECTBO MOEeT HOCTHrarh 200 B XaEIOM pE30HEHCE.

R03pPUIMEETH CaAMOIKPSHUPOBRY MOrYyT OHTH DACCUKTAHH ZNA 5 3HadeHmE
PEMTEDATYPH ¥ 7 DA3NMUHHY 3HaueRufp Oc

dporpauMa HanKcana #a sA3uxe ANI'0ON-60, [ocie Tpauciaamue Ha TA-2
o0BeM OporpaMMu cocrasnser ~~ 4000 aveex. Epexs paloTn TpM LOJHOM
O0BEME BHJIAYM COCTAEBJAAET ~~ I MEE. HA DPE€30HaHC. [lpersapurenbHull TEKCT X
pe3yIBETAaTH DACYETOB Io nporpamxe *YPAH' onmySnmkoBaHe B padorax [ , [3 .

ASROTOpHE CJOKW NpPOrpaMMH B HAaCTOAEEE BPedA YCOBEDUEHCTBOBARH H
OCymeCTBIEeHa NpUBA3Ka K mporpauMe "COM" (coBMeCTH3R 00paGOTKA MOMEHTOB)
T8 pacyeTa NOATPYNNOBHX KOECTasT 4 .

I. 1.0.A6aras, H.O0.basaaaun, i.h.bonzapedxkc, M.E.Huxonaes. I'pynno-
BHe KOHCTAHTH IJA pacyera AASLHHX DEaxTopoB. AToMuszar, M., 1964,

2. X.0.AGarau, M.H.Huxonaes, L.R.lerpoBa. YPAH-nporpamsa pacyera
cevyeHUft ¥ KO3IUUUEHTOB I'OMOT'¢HHOf De3OHANCHOY CaMOSKDAHUDOBKH B ofjac-
TH DPa3PEWEHHNX De30HaHcok. BULUAA, Bwm. I, 415, Artomuazar, M., 1966.

3. 1.0.AGaras, M.H.Hukcnaes, A.B.lerposa. Pacuer ceuenui ypana-238
no mporpauke "YPAHM", BUOAZL, eun. 1¥, 392, Arouuazar, M., 1967.

4, M M.Casoceruu, 3.%.Cuunua, B.B.Cmuuna, IIlporpsmsa pacuera
NOATPYNNOBHX napaMerpoB - COM. Cm. @acTosumiéi COOPHUE.
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IPOTPAMMA PACUETA NMPOMYCEAHAA B PE3OHAHCHOM OBIACTE
SHEPTM{ -#D3A0*°

I.0.AGarsun, M.H.HEKOnGEB

MIporpauua” 33A0° ( sHepreTHUYeCcKad 3aBACUMOCTH NPONYCKaEmil) mpezHasna-
4eHa ANA ONMUCAHKA 3IHEePreTHYcCKOl 3aBRCMMOCTX nponyckauu{t B o0naCTE pa3-~
pEeNeHEHX DPe30BaHCOB HeJleNAlMXCcs fXep.

Kax u 3 nporpamme “YPAH” [I] , pesomancHas CTpyKTypa NOIHOLO CEYGHHUH
paccudTusaercd no gopuyne bpailra-Burnepa ¢ yueroM afderrs Jonmmepa M MA-
reppepeHnM NOTEeHIMANBHOTO M PEe30H3HCHOI'O paccesHus. CudMraercs, dqTO
3HEDPreTHYECKOE pa3pemeBue K3MEeHASTCH IO 33KOHY:

e
AE =K-E (36 . , TIe

& - gooffuurenT, BBOZMMHII B mporpaMuy. [Ipu pacueTe ceueHAil ZONIIEpPCBCHOE
yuRpEHNe Pe30HAHCOB 4 YBEIMUMBAGTCA HA 3HEPIEeTHUYEeCKOe paspemerue AL
Ha ocHOBe 3HEPTeTHYECKOr'0 XOX& HOINHOT'O CEUYeHUA DACCYUTHBAETCA (QyHKIMHA
OPONYCKARUA A 3aZaHHOW TONMMHH o6pasua - Cof

_ Gy (E)
TiE) = ¢~ Ot

B nporparMe 33AI0 npezycMoTpeHa BO3MOERHOCTL OZHOBDEMEHHOI'O pacyeTa
ceyeruit zang 100 pesaoHaHCOB. PacyeTHHE TOUKM IO DHEPIHM BHOMPAYTCA B COOT~
BeTCTBUE C (opuoit éﬁ, A X KOJUUYECTBO MOXeT AocTHrarTh 200 B xaxjoM pe-
BOHaHCE., ‘

Pacvyer ceveHumit ¥ nponyckasuil MOXeT NDPOBOIUTHCA AIA NATH Pa3iMyHHX
TeMneparyp. [lporpauMa HanucaHa Ha aswxe AIT'0N-60. [ocne TpascmanuM Ea
TA-2 o0beM NporpaMMud cCOCTapBiIfeT ~ 3000 guyeer. Bpemsa paGOTH NPOIpaMMH
B93AIl cocraBaser ~— I MMH EHA pPe30HAaHC, )

JUTEPATYPA

I. M.H.Hugonaes, I.N.AGaran, [Iporpamma pacdeTa cedeHmil B pe30HARCHOR
oGnacTH sHeprmit - YPAH . CM. Hacroauuli COODHME.
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IPOIFAMMA MHOIOYPOBHEBOT'O PACYETA CEYEHHR NC
PE30HAHCHHM HAPAMETPAM -"MYQ”

I1.0.AGarse, M.H. Hexozaes, B.B.CmEmna

lporpauma’MY9" npeznasHadeHa AN ONMCAHHA CEUCHUY HelenAWmMXCH fAZED
B 00NaCTHE paspelEeHEHX DE30HAHCOB. [porpaMma NO3BOAAET DACCYUTHBATD pe-
30HAHCHYD CTPYKTYPy NMOXHOT'O ceveHMsa ( 6r ), CedeHHs 3axsara ( O ) H
yUpyroro paccefgHHa ( 6s ) AnR CMecHM H30TONOB. llporpaMMa mpezHasnageHa
AnA pacueTa CeyeHmi Tex AZep, ANA KOTOpHX 3fdekToM Jommiepa MOKHO npe-
HeOpeyb, '

B ocHoBy mporpausun”MY®" mojoxeHa MHOrOypOBHEBasA (QopMyna, NOXyueHHas
B paMmgex (opMamKaMa Burzepa-Attsencyza [I .

2 L 2. (BABIBE) (032N -8y dindly
6; (E) = 4G A" FREN)1 Yy rdaX £ G0 (1+8)2 , B2 ’

B,

=
+ B

kd

6 (E) =425 5 9 ~7im)

Foi —E

rae _ fni /13 , B.=X ”né//.?i(ﬁg L)
T4 Eoi —£ \2 P 0. —E__\2

1@ 5) A A

% - zIMAA BOJHH HeHTpPOHA,
0V - CTATHCTMYEC M} BEC COCTOAHMA C ZaHHEM V .
Ina kaxzoff ccTeMw yposreli YV 3azaprcs Taxge:
by - joms usoTOmAa B pacCMaTpuBacMo#h cMecH,
AY - arouHH} BeC M30TONA.
Ecam Y, - dasa paccesgHusg Ha OTpaxapme cjepe.

Y, = Kz,
Y, = kv -axely (rt),

Jar
o = £ -arelg (m),

rzie 7 - pajmyc B3auMozelicTmus, K- -~ BOJHOBOE YKCIO.
lipnBeZeyHan Bume GOopMyla NolydeHa B HPUOAMZCHUM GOABWOTO w4cCja He-
SABUCHMMHX DPajMAUMORHHX KAHANOB ¥ OJHOKAHANBHOIO YNPYroro paCCefHmf.
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Kpoue ZeTansHOU'D 3HEePrETHUSCKOrO XOZa ceveHxd nporpammwa MY® mnoaso-
IsieT B 3axaHAHX MHTEpBanax SHeprafl (rpynnax) HOAYUYETH:

a) cpemmerpymmosue cewenms <8¢t> , <G> , <6 ;

6) KO3)QANACHTH CaMOSKPAHEDOBRE £: , £ » A (CM, [2] ) B 3am-
CIMOCTH OT CeYeHHA pa3faBmeHds ( Co ) ZANHOrO 3NeMeHTa IPYIEME Hepe3o-
BQHCHHMN 3XcMeHTaMN;

B) NOJAHHe M NapunanpHHe JYHKIUM NPOMYCKEHES B 3aBACHMOCTH OT TOIUM-
HH ofpasna:

~ 6(E)t '
Rl)=3F /¢ E*dE -

T () =z55a 6 (€) € 7

2

I) MOMEHTH <Gx&"> , Tme
X<3
-5 ngd

R onpepensier dopMy BHYTDATDYINOBOTO CIEKTpa, C BECOM KOTODOrO
APOR3BOIATCHA YyCpeAHEHWs. MHTerpamy no rpyunaM BHUMCAADTCA METOZOM TDe-
neuufi, B nporpasme MYQ npezycuMoTpeHa BOSMOXHOCTE: OJHOBDEKEHHOI'O DACUers
cevennfl B 26 rpynmax, KOTOpHe MOryT coaepxars A0 100 peaosarcos. Pacyer-
BHE 3JHEPTeTHYECEKWE TOUKM BHOMPANTCH B COOTBETCTRBEM C $opuoft mommore ce-
YeERA H MX RONHYECTBO Mozer zocrHrars 200 B naxzod pesocHaHce. Hoapdnomer-—
T4 CSMOSKDAHMDOBEH MOT'YT OHTh DaCCUATEHH zif 7 PasiMuHux 6o .

Oonygaemne B fiaHHOll nporpauMMe MOMEHTH MOTYT CIYXUTH KcXoxHol mudop-
Manuett ans nporpawmu COM [3] . Takum ofpasoM, KOMOIEKC mporpamu MY
COM nozBonApT PACCUUTHBATE MOATDYNNOCEHE KOHCTAHTH.

Oporpaxua MY¢ ramucaHa Ha f3uke AITOI-60 (TA-2). OOBER OpOTDaMME
B KOZaxX cocrasuaeT - 4000, BpeMa DaGoOTH NpH. NONHOM O0BEMe BHARYA COCTAB-
aser — 1 MmHyTA Ha pe30HaHC. TeKCT MporpaMMH M pacdeT HO Hel CyAyTr omyC-
ZUKOBREH B padore M .

JUTEPATYPA

I. A.AJlyxpgE0B, [puOnuxeHHAR KHOI'OYPOBHEBAA MOAiexb HElTDOHHHX ce-
yeHu#t B pesonancHcl ofGmactw. lpenpunr $IB-124 (I968).

2. 1.0.AGaran, H,0.5azasann, U.N.Boupnapenko, M.H.Huxkonaes, I'pynno-
Bue KOHCTAHTH JAA pacyeTa fAflepHHX DESKTOpOB. ATOMM3Z3T, 1964.

3. M.M.Casocekud, 9.0.Cunmua, B.B.Cunuma.| Ilporpemma  pacuera
NOZTPYRIOBEX NapaMeTpoB. Hacroamufl COODHEE. .

4, I.N.AGerge, M.H Hukonaes, F.B.CHixga. MYQ-nporpaMMa MHOIOYpOBHE-
®OTO DECUETE CceveHUP HeZeNAmEXCA Aliep MO Pe3CHAHCHHM D:iaMeTpaM. "fzepuue
KoaoTEETE" . pe1, 9,146 (1972).
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[IPOTPAMMA YCPEZHEHHA CEYEHMHR

B.B.Cunina _
(lporpasma Ycpeareeun Cewenuit znr APAMARO Karanora)

Tiporpaxua”IPYCCAK “- mpencramiseT coGoft KOMIIEEC M3 ZBYX NDOI'DAMK,
NO3BONALUNY Ha OCHOBe W3BEeCTHOY AeTanbHO#t sHepreTMyec:Of B8BUCUMOCTH
CeyeHU} MOXYyuaTh B 3aZAHHHX JHePLEeTUUECKMX ERTEPBAJax (TIpynnax) CHeaym-
mMe BeJAUMHE

a) cpexHerpynmosHe ceuerms <Ox) , Ifie CKOOKM < > O03Ha4yaDT yCpei-
HEHUE [0 rpynme ¢ BecoM Yg(£);

6) KO3(pPUUMEHTH CaMO3KDAHWPOBKK B 3ABACUMOCTH OT GEUYEHHA pa3caBie-
HEA ( Go ) AGEHOrO 37eMeHTa APYTHMM HEPE3OHSHCHHMH K3oTomamu ( oM. [2] )

B) MOMEHTH {6x6" ) , HyEHHEe ANR pacueTa NOATPYNOOBHX
KoECTaHT [3] , rze

X

N

3

-5¢ns<3

N

B raxpofi rpynnme npezycMoTpeHa BO3MORHOCTH yCpPeIHGHHS HO OJIHOMY M3
TpeX BUIOB CIEKTDPOB:

1) mo cnexrpy Yg=£%, IRl <7 ;

2) DO CHEKTDPy ZelleHuA

Y9 =R exp(—%—) I (VEE)
THe T=0,965(076 +g,1v) ;
b=229/07%+0,40)°:
E - aHeprma (Mas)
J - 9ACHO BTOPUMUYHHX HEUTDPOHOB.

3) Do npOX3BONBHOMY CHEKTDY, 33J8HHOMY DO TOUKaM (YKCIO 3HEPTEeTH-
yecKux TOoueR He OoZee 200). HurerpupoBasEe NPOU3IBOZATCHA MeTOAOM Tpane-
oafi,

OrpaH#ueHMt O KOANYECTBY TOYEK B MacCHBAaX E ® 6 Her. YucIo rpymn
He noaxHo npeBumarh 100. SHepruu E Moryr OnTh 38ZaHy B 3B, K3B K M5B,
Oporpamua paccumrana Ha JBM M-220. '

liporpaMis EoMIneKCa NOMEHeHH HA MaTHATHHI Gapadad MB-1. Hyaesas
IporpaMMa KOMIUIEKCA INDOM3BOZRT MOATOTOBKY MHGODMANMM O ZETANBHOM XO0Ze Ceve—
HES NN 38ONCH Ha MarauTHHE Gapagad Mb-2 ¥ 3ammEch Ha (0apalad B NOpAZRKe,
Heo0XOEAMOM Z3s paGorH NepBO#f mporpaMuu,. lepBas nporpaMMs BHYUCEAET He-
PEURCIeHHHe EHEC HHTEIpams ¥ IPOR3BOANT BHAAYY HAa Deyars. ECI¥ ACNOAB30-
BaHa He BCA MEQOpMamMs, NPOMCXOZMT HEepeXon k HyXeBof mporpamme, Hyzesas
OpOrpaMMA BEOXNT CHEGXYDEYD HOPIAD MCXOZHHX AQHHHX B T.k.
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B 3aBHCHMOCTE OT NMONAOTH Ha(opa CevYeHMH NpeAyCMOTPEHH CIeZyRuRE
PEXMMH DAGOTH NDOIpaMME :

I. HaGop ceuesmf#t momuu$l, T.6. COAEPXRT NOINHOe ceueume ( 67 ) E
BCEe napnuanbihe ceyemus ( 6x ). B aroM caywae onpezeaseTcs MONEHY Ha-
6O0p TpYNNOBHX KOHCTAHT M MOMGHTOB, YCPeZHEHHHX MO 38A8HHOMY CHEETDY.

2. B Ha0ope ceucHEfi HEXOCTS&ET IMIE ONHOI'O NAPUKAIBHOIO CEYEHHAS,
KOTOpOE MOXHO PacCYMTaTh KaK 64 (F)-3 6x (F] .« B aToM caywae Tax-
£e ONpeneNdeTCA NONHHY Ha0Op TPYNNOBHX KOKCTAHT M MOMEHTOB, yCpPEeIHeHHKX
0 TpeGyeMoMy CHEKTPY.

5. UMeercn Henoxnuuit Halop ceueHml, cozepmammit 6+ . B atou cavuae
NONHHY{ HaGop I'pyNNOBHX KOHCTSHT ¥ MOMEHTOB, YCPeJHEHHHX MO TPeCyeMoMy
CIEeKTDYy, ONpeZelfeTCA NHWb AAA CeyeHU 3aZaHHHX peakIufl.

4, Halop cevenn}t He COAEPEHAT 6 . B sToM cayuae EO3PHUUMUEHTE
C3MO3KDAHMPOBKK ¥ MOMEHTH He OHpeZenAkTCa. Ha nevaTh BHZAKTCH JWLE yC-
DEeIHEHHHE MO TpeOyeMOMY CNEeKTDPY IDYyNIoBHE CeueRHd.

llonyyaeuHe B JAHHOM NpPOrpadMS MOKEHTH MOIYT CAYEATH UCXOZHON M4Hor-
Manuelt IaA NporpaMMH NOAYYeHMA NOATPYHNoBuX napaMeTrpos COM.

Texcr mporpauuu [[PYCCAK nemMcar Ha asuxe AII'ON-60 (TA-2). [pm
o0beMe RCxozHoOR uuQopMamumu ~ 400C 3Bpews paGOTH NPOrpaMMy COCT&BIAL!

~ 20 MEHYyT.

IHTEPATYP A

i. B.¢.Xoxnos, #.M,CaBoceknH, M.H.Haxonaes. BUUAL, Bun., YI, rpraco-
XeHue, T, 2, CTp. 7. ATomMu3nar, M., IS71.

2., I1.0.AGaran, H.0.basaznany, U.N.Bonzapeuro, M,KH.Huxozaes. I'pynno-
BHE KOHCTAHTH AJIA pacuera fJePHuX pearTopos, M., ATomuszar, 1964,

3. M.i.CaBocrrur, 5.%.Cumma, B.B.Cuduma, [IporpenMds pacieTa NOATLYo-
LOBHX napameTpoB - COM. HacTodng¥ COOLHUK, CTD. 4<.
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OPOTPAMMA PACUETA NOIIPYINOBHX NAPANETPOL -"COulY

¥M.M.CaBockreE, 3.0.CmHROa, B.B.Cunume

fiporpauMa "COM" (CoBuecTHas 00paGoTKa MOMEETOB) NpenHasHayeE2 ANR
pacdera NOATDYNNOBHX HN3paMeTPOB H8 OCHOBE MOMEHTOB Ce&UeHy:: 41\,xfj’l;.

JrnoBue CROGKM 03HAUaNT yCPEZHEHME [0 HEKOTODOKY XHTEDS&AY 3HEDTHH,
A - HOMED peaElHu, X g

25 n &
ionrpynnonne napaMeTpH [I 2} oupeZenfALTCH K&K BasOp BeNCATHOSTEM
<, . Ha3HBAEMHX ZOXNAMK nonrpyun) HMEeTh: B UHTEPB&JE yCPeAMEEUR NUIL0E
zegenne O, u coorBercTsymmMe cedenus pearunit Sx: . llozrpyonosye noze-

SGMeTDH HOLZCUMDAnTICH TAKMM 06Da30M, YITOOH COXDAHKNT:E C TOYHOCIRE 5% Ivie
33I4EHOIl HRGOD MOMEHTORB CEdeHmi.

PacyYeT NOArPYyNOOBHX HapaMeTpOB NPOBOZUTCH NyTEM AHANNTKYECKSTY pe-
TERKS CECTEMH yDaBHEEHMA ( CM., | 3 ):

- S o < < I
<O / = 22,656, ;- n, < RSl

3enguden 1, , 1, onperelfoTCH YACIOM MOATPYNN ¥ L¥KCHDOBAHE
B OporpaMMe. lOATDYNNOBHE NADPAMETPH ONPERENALTICH NOCNEZOBATEREBHO IXF
cLAOK, ABYX, TPeX ¥ 9YeTHpeX NOATpymNn. [lepexoz K SOXBWEMy uYMCNY NOI-
TDYNN OCYMECTBAAETCH B TOM CIyuYae, ECIM MOMEHTH, OKBMMIANZME CUCTELT,
BOCCTAHABIMBANTCH MDY TNOMOmM TONYYEHHHX K3 3T0} CHCTEMH HOATPYIHIOBLZ
1apaMeTpoB 'C TOYHOCTHD, XyXe 3alaHHOH.

r

NMporpemua“COM“"HanucaHa Ha g3uke AITOI-60 (TA-2). 00BeM NDOTDaMME
COCTaBIAET szSOOs. Bpeus, HEOOXOAMMOE XA ONPEAENCHHWA NOAIPYNNOBHX Né~
pPaMeTpoB X3 HARZNEEHHX uouenron.£ 2 MHHYT.

ITUTEPATYPA

I. M.H.Buronaes, A.A.Wraaros, H.B.lcaeB, B.®.Xoxnos. Merox noz-
TPYIN AXS yueTa pe3onascHOM CTDyETYpH ceuenull B meliTpoRHHX pacuerar
(wacts I), "Arossas amepres" 29, I, I970.

2. M.H.HAuxonaen, A.A.lrmaros, H.B.Acaes, B.Q Zoxnos. Meroxn mox-
Tpyol ZAR yUeTA Pe3OBAHCHOM CTpyKTypH ceusHul B He}TDOHHHX pacdeTax
(wacts II). "Arowmnas smeprms" 30, 5, IS7I.

3. P.BeanuaH. BeezenNe B TeopEn Marpmn. "Hayxa", M., I969.
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[IPOTPAMMA PACUETA CPEJHETPYNNOBMX SHAUEHAM YJIAOBMX MOMEHTOE
CEYEHUA PACCEAHEA B OYBEUM} IPONYCEAHUA -"YMBAOE

M.H.ipronaes, H.0.Faza3sgHn

lporpamua YMEIOK" npezgasEavera AAA YCPEJZHEHHA YIAOBHX MOMEETOR
ceden#n paccesirus ( 8- ) m pacuera QyHKOUY NPONYCRABMA ( dwen T ).

[porpaMMa MO3BONAET NPOM3BOAUTH yCPEZHEHHE ANR ANCOIO BHEPreTHYEC-
KOTO pa3CMeHMs C WACHOM Ipynm, He npesumabiied 50. B mporpauMe MMeeTCs
BO3MOXHOCTH yCpeZHeHMA B-M YyIHOBHX MOMEHTOR NpHM 33ZaHMM He Gonee 450
TOYEK B KaX]OM M3 MACCHBOB -~ KAK JHepreTUyeCcKoM ( E ), Tag M YIJOBHX
MOMEHTOB ( Bm),

Ecar neoGxoznuMo, B mnporpamue ‘' YMBIOK" ycpezHeHRe yrAOBHX MOMEHTOB
MOEeT NpOM3BOZUTHCA NO cnexkTpy ( Ym ), yuATHBaDOEMYy DE30HAHCHYD CTPYK-
rypy ceuenmy [I] :

, . 4

T (€)= P(E) By Qo gy (0
( 2 - nomHoe CeueHAe CpeZi).
KoapdnuuenTd (2m BHYACIADTCA NO DEKYDPEHTHOH POTMYJIE:
a =
Gm = Z:Q BmM/ ) Bmf/ .
a GopMynH yCpeIHEeHMS HMenT BHZ:
<Bm ‘/m> ’l_aam_"‘( Bruw >’ (3)

rze 38K < > O03HayYaeT YCPEJHEHHE NC "CTAHZapTHOMY" cmekTpy <P (£ ,
EOTOpHE DaCCUYMTHBASTCHA B COOTBETCTBMM C pacoToH ﬂﬂ CIeAybliEM OCPa30M:
HUXE 3HEpPIHH 2,5 MaB

P(E) = (£ (4)
rze Ri - geficrsuressnoe wacmo JRi/=9  ( { - Homep paccuar-

pEBaeMo# Ipynms);
BHEe 3HEepram 2,5 Mam:

Pe) Vi € H e b

(cnerrp Yarea)

(3
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3nech 8 = 0,95 (0,76 + 0,I.V ) _
3 =2,29 / (0,76 + 0,I.V ¥ ;
v ~ cpeZEee YRCHO BTOPHYHHX HOJTDOHOB, UCIYCKAGMHX UDHU IEJNEHWY.
B cxyuae  cnalo BHDaXEHHOM PE30HAHCHOM CTPYKTYDH CEeYeBUy CHEKTL
< [EY) —— D (£) | @ ycpemHeHMe YIIOBHY MOMEHTOB E NPOrpauMe Be-
IeTCH TONBKO IO CTAHNAPTHOMY CIEKTDPY.
B RporpaMMe DACCURTHRANTCA (YREUME [PONYCHAHEA BUZA:

~S(E)tiler
wm Lﬁ_] - . _//' ff{é—}dg ’ (6)
Ak !

) J° B _cieytll; o
¥ TK’"[&]: g Dm(E)-E€ HE)ZE

og: Bm (E)-P(E)-AE

T
~32
M

{4m =0,f,..., 7
. 1o - FoT
to [f]  popmmHa o6pasuma (Tof [6]) , OTHECEHHAs E CpeIHETDYNNIOBOMY

HOJIHOMY CEUBHUK (Gg (£j! , L - HOMED DpaccMarp¥B3EMOf TPYIIH:

tol [E] |
&"9 L3

—
@
~—rt

tfe = F=12,. - 40

tol [€] BHOMDAETCH TaKWM 06pa3oM, YTOOHW AOCTATOYAO NOAPOGHC OMUCATE
pOpMy EPABOJl NMpPOMYCKAHMA B WUDOKOM AMANA30RS TONLKE.
porpaMua Ran#casa Ha fsuxe ANTON-60 (TA-2), saHiMaeT 2078g fueex.
BpeMs cueTa OZHOPC BApHAHTA BMECTE C BBOLOM KCXOIHHX ZASHHHX U BH7AuEl
pe3yabTATOB pacdeTa COCTABiAeT “~ 8 MUHYT ¥ ONDEXEARETCA B OCHOBHOM
BBOZOM ¥ BHBOLOM MHDOPMANWE.

JETEPATYPA

1. I.1.AGarse, ¢.0¢.Muxajtnyc, ¥.H.Hukonses, B.B.Cpaor. Pacmpocrpanedue
pe3CHAHCHHX HEATPOHOB B TOMOTEHHHX Cpelax. BAUALR. Opunorende, ATOMM3IART,
1268,

2.1.0.AGarss, H.0.Fasassan, M.H.Bouzapenxo, M.H.Huxonaes. Tpynoosue
KOHCTAHTH AAA pacuera AIEDHHWX peakTopos. M., ATOMH3ZAT, 1964.



- 45 -

[IPOTPAMMA PACYETA MHOT'OTPYTIOBHX MATPUL YTIOBHX MOMEHTCL
CEYER{A YIPYT'OT'O ¥ HEYOPYI'OT'O PACCEfAHMH HERTPQHOB C
JUETM CAMO3KPAHHPOBKR
"M AHHEPC ”

H.0.basaszagn, Crapocrenxo M.B.%

liporpaMua M AHHEPC ' npezna3HavyeHa AAA pacyeTa MaTDHL YOPYTOro M He-
YyNpyroro 3aMenfeHus HeHTDOHOB NpM NDOW3BONBHON @HM3OTDONMKM PACCEAHMR C
TOUHNNM JYETOM TNOTEpPM 3HEPT¥M HAa OTAayy fjJpa-NpoiyKTa, AAR AWCOT0 Dasdye-
HUA 34EePTeTUUECKOrC WHTEPBAJa HA IpYIH. [lporpamua MO¥XeT pacCuMTL~
BaTh JA000€ YICHO MOMEHTOB, OTDaH#UMBAETCA BO3MCEXHOCTAME LAaHHOH 3B, E
HACTOfAkiCe BpeMd NpOlpaMMa BRINYAEET pacyeT 6-TH MOMEHTOB. B mporpavMe npe-
AYCMOTDEH yueT pPe30HAHCHOK CTPYRTYDH ceueHuli.
£ -K{i MOMEHT BEpDOATHOCTM HEYNDYIOrO pPaCCeAHMA HEWTPOHA UZ TPV
L B rpymny /& , pacCcuMTHBaeMu} B nporpaMMe MAHHEPC B MHOrOIpymmosok
NDUGHAKEHAM MMEST cnenyomup BRZ (cM. [1] ):

gk
A - (72 "FN
mnj = T =
{ 5:.11

o Fivt LB . L s (Eje~t,E .
N ego -/E"l /5: 6:11.(5. /_-“a"}. we (E')dE’ ‘//‘L('E;_L’;,’J,p‘(ﬁt.)ﬂn{ﬁq)dﬂ/. (i
= (Em +4)‘Z 2 SEA

= ?E % 5&, (E?-ﬁ(gydf'
S G RE)gE
rze Gen = LR dE - CpeZHEIDPYNNOECe
CEUYEHUE HEYNPYTOrO DACCEFHUA;
A-1 S

A+ [E _ £, 4.
,/Q=aﬂa=—e"F 2 e T2 VEE

E' - oHeprua HefTpOHA N0 pACCEFHHA;

E - sHeprua HeATpOHA IlOCKe pACCEAHMSA;

E; - 3HEprMA K ~I'0 YPOBHA BOSOYRAGHHEA AZpa-KHieHH;

&.n (E,EX) - ceueHue HEYNPYroro paccesHus Heltrposa ¢ aHepruedl E/ =a
YpOBHE E(;‘ (yopyroe paccefine pacCMaTpPUBRETCS KAaE HeyNpyroe Ha ypoOBHE
¢ HyneBoff 3Heprueit BO3CYEZEHHA);

+d

L, G (1) Pu (py A
L, 6 (€ ) dpis

Wy, = (2t+1)

X OCumHcKmi duauman MUK
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i) W Pn (A} - monEHOME leXaHZpa;
4~ =~ HMHIERC NI360pPATODHOM CHCTEMH KOODZUHAT:
£, ® S~ - TpaHMIN TO§ 0GIACTH SHEpTUR B Tpvime +
OTKYZA BO3MOEHO DACCeRHME B IPYNRY /£ ;-
5: « Eype-r = TPaHUOH TOJ OGNACTE JHEPTUR B Tpyidlle T
£yZa BOSMOEHO NONAfaHMe HEATPOHOB, DACCEAHHHX 2 IpymmE ¢ . ¢
Sfm (£} - CHEKTp M —Ofk T'3PMOHEKK HENTDPORHOPC HOTOKG 5
cpene, [lpennonaraeTcsi, 4TO B OPeleJaX paCCMATDHBAEMHX 2JBEPTSTHUYBCKEX ILYOE
2TOT CHEKTD HE 3aBHCMT 0T NDOCTDAEHCTBEHEHX KOODIMHAT.

el
’—VT‘L -~ me(E. ‘L) L.-:D Lem-re — it .o ? '\L:'.}
n= B { o
Ine U = NJI3BHO MEHABMAACHE QYHKINAR 3HEpPTUM ¥ LOODIUE&ET. & IDoI-

savde dAHHEPC npmuuMaeTcs, 4TG 376 QYHKLMA He 3a8BACAT H¥ OT KOUDIHAET.

im or s g

diET = PIE

0 3QOUUMEHTH Lm-rn B nporpaMde MAHHEPU #@e pacCuuTHBANTCR. & i

Cny4yae HeCOXOZMUMOCTK yUYeTa DPE3OHAHCHON CTDYKTYDH COHM CUMTEWICH E HPOTLEL =~
TUT T O

e R PSFIRW) 23

% nporpaumMe MAHHEPC cnexTp  P(E) MOEeT MMeTEL IMOG QODMY

Ri

O =F o
rae Ac - relficTBMTENBHOE wMCHO @ /R =G
Iuco -

; g - Q8 - Ea /Z—' R
s 5 f 4 v v E !,:

R ¢ 34 '

{ cnexkTp Yarra;
a =8865 (0,76 +Gi-nuj |

. ‘5.

b = 2,29/(Q76 +01 nut)”,

AU - cpellHee UMCHO BTODMYHHX HEUTPOHOB, HCIYCHAEMHX HPH ASne~
HUH _

{lpcrpauMa panmcada Ha f3uxe ANTON-6C (TA-ZM}, TpaucHuMpcsadHas NLnor-
paMMe 33aHMMacT 27348 fAyeer (e3 ydyeTa MACCMBOB HMCXOZELX SaHHEX. Bpeud Cue-
T8 OBHOTO BApDHSHTa (HECTHE MOMEETOB MATDHRLE 3aMeINEHUs B 26~TH CDPYLNOSOK
pascmesME [2] ) cocrapufer-40 NpE KORONERTEIBHOM DA3CUENM MHTEPRINZ
NeXAy LBYMS 38KaBHEMM TOUKaM®E Ha 400 yacreldl ¥ YIpK NOJROM YKCAS 3EISHEUX
3EepreTHYECKAX T04Yer ‘80,



B mporpamme MAHHEPC EMeeTCH BO3MOKHOCTH NOCHEIOBATENBHCTC CHeTs
OpPOHM3BOJLHOTO YECIS BAPHAHTOB.

JUTEPATYPA

I. H.O.bazasanu, A.C.Saopoiackes, M.H.Huroaaer. I'pyunozne naps-
leTPH aHU3OTDOINM pacceAr¥d HeflTpoHOB. "/fiIepHHe KOHCT&HTH", BHL. &,
4acTb <, CTP. 3. LHMATOMHOOPM, M., I972 r.

<. I.0.A0aras, H.O.bazasamn, U.MA.bosnapesro, M.H.Hukosaaes. Ipyvimo-
BHE KOHCTAHTH LI pacueTa ANEPHHX peakTopok. M., ATommspar, 1964 T.

3. M.H.Hexonaer, H.C.basazamu. [Iporpamva pacueTa CpPeXHETDPVIICTHX
JTJIOBHX MOMEHTOB CEveHMA DacCedHuA ¥ (YHKIMM IpONyCKanme - JMBLCI.
HacToAmw¥ COODHEE, CTD. 43.



IPCI'PAMMA KPUTC AN KOPPEKUMM TPYMIIOBIX KOHCTAET IC
ZAHRHM YHTETPANIBHHX SKCHEPMMEHTOB

M.E.i#egonaes, H.C.basasnen, IL.B.TopGauesa

[porpauma £PUTC Do3BONFET BHUMCIHMTL NCIPABKK X TPYNNOBHM CEUEHUAM
OCHOBHHX DEaKTODHHX MATepRANOB, NO3BCIAbUNEe B U3BECTHOM CMHCIE HamiIyu-
UMM 00pa3oM CCrIacoBaTh PEe3ynbTaTH pacyeTa PAZA HEeRTDOHHO-IM3NUECKUZ
Y3DAHTEPUCTHK KPUTHUYECKHX COODPOK C PEe2ylNbTaTaMy UX 3KCIEPUMEHTaNbHODC

OLpEeAeNeHUs, He OTKICHSACH NPM 3TOM 38 NPElNeNk OUEeHEeHHNX OmKOOK TpPYNIOBHX
XOECT8HT .

g nporpaume KPUTC npezycmMoTpeHa BO3MOFHOCTH YyUeTA KODpRENAUMi Mexrny
IONYCTUMEMY M3MSHCHWFMM DSINMYHLY CEUEeHWY B DasI¥yHuY IDYNNax. YueT XOop—
JENANAY NPOMSBCIMTCA NyTeM NapaMeTpU3alum XOZa KODDEKTHPYEMHX CeueHu).

nyere G (5, a°) - napaMeTpuueCrasl annpOoKCUMAaNnMs XOL& CeYeHHSs

$ -OF peaxumy, OUEHEHHOTO N0 MMEKLMMCE fZEDHHM ZaHHHM. ['DYIONOBHE HOHC-
PAHTH MIYTCHR 3 BHIE:

A - ~
V= O

TIe KOMIOHEHTAME BEKTOD3 &  azzaprcs TPYINOBEE KOHCTAHTH BCEX pac-
2MaTHRBAEMHX Deariydi BO BCex Ipynmax:
& - MCKOMuY BEKTOD OTKODPPEETMPOBAHHNE KOHCTAHT:
T - MaTDRIE NMPOWIBOLHHX TPYNIOBHX KOECTAHT TC NapaMeTDan;
da - BEKTOU [IONDABOK K NapsMcTpaM, KOTOpHY ZOonkeH ONTh ONDERE~
5 [IPOLECCE HOPDERKOHMK.

[ ONpEeLenfNTCR HENOCPEACTEBEHHC M2 CUSHEHHHX JaHHNX. TaruM ofpa-
30M, HapaMerpuuecKCce ONUCaHde IHEpTeTHYSCKUX 3aBUCUMOCTE] CeUSHUN MCIOTb-
yeTCs IUEb AAA BHWUMCHEEMA MaTpuus ¢ ., [lo3TOMy OT mapaMeTpuueckof an—
DOKCHMaUMN He TpefyeTrcs Tepeiaud LeTaleil 2HepreTHYEeCHOIr's Xona CEueHHE;
BYRRC JUUB OTMCATh OCHOBHHE 33KOHOMEDHCCTM TOTO XOZa.

UnpereneHre IONPABOK oa OPOU3BOAUTCA NyTEk MAHUMU3AUNU KBaZpaTUu-
HOTC fyHKIUOHA&jA:

=
44
o
!

% 3 =7
<= Z_IF;'('C’ /+L;:za’5§ T""'JQ,,)Q:Z (67) [6; Z“" da., J ()

3Lechk ﬁf - OTHONEHHE PACUETHOTO B 3KCHEPAMEHTANBHOTO 3RAVEHER | -TC
RHTerpanbHOro napaMerpa (yHKIMOHAIR NOTOKOB B (MIR) meHHocTell);

ZﬁE' - IACHEDPCHA 2TOI'C OTHOHEHHSA,

zdf' - rRo3QpunKenT YyBCTRETENBHOCTH ) -ro pyHKUMOHANIA K H3-

MEHEHED 4 -TO CeueHEs 3 g -roff rpymme [I]
B mepmoM uleHe npeiycMOTpeHa BO3SMOXKHOCTE YYE€Ta 3aBMCHMOCTHE T'DYNINOBHX
EOBQGTAHT 0T COCTA&BA KPUTCOOPRE ( 3Ta 33aBHCHMOCTE 00ycaoBjiedHa 3fijekTame pe-



30HAHCHOY M (HNIM) reTreporeHHO# GIOKKPOBKH ceveHAf).
Bo BTOpOM, PETYARpH3YDILEM,qneHe (ArypEpyDT He3aGNOKHDOBaHHHE Ce-
4YeHRd . HicnonbaoBanke A peryuspE3anMM TPYNNOBNX CeueHHYt (a He napamer-

poB a ) CB338HO CO CIORHOCTHD ONpEZEeNieHAS KOpPEeNROMORHOA MATpHnE OmE-
0OK 3THX napameTpos, Heyuer Roppeasumli OomMGOR IPYNNOBHX KOHCTAHT B pEry-

IApA3ypileM WIEHE He BesieT K HCKaxeHWD pe3ynbTara pacuera. JTM KOpPensuMm
aBTOMATHYECKHA YUMTHBADTCA NpPH ONpeZielieEME MONPABOK K CEUeHMSM uepes Ho-
IpABEM E napamerpeM (cu. (I)). ’

Bexrop dz ompegeaseTcs nyTeu pemeHHs CHCTEeMH MuHelMHHX ypaBHeHul:,
NONYYanMUXCA OYTEM NPUPABHMBAHAA CPOMSBONHHEX &Yo%an K HyMD. 00paTHas
MaTpMIa CHCTEMH SBIAETCA MaTpAneft omuooK OTKOPPEKTHPOBaHHHX NApaMeTpos.,
OTKOppeKTHPOBAEHHE 3HAayeHHA IPYNNOBHX KOHCTAHT BHUMCIADTCA 1O fopuyie
(I). Marpuna omuGOK I'pDYNNOBWX KOHCTAHT B NPOTpaMMé Be BWUUCIAETCH, TaR
KaE OHA MOXeT OHTh Np¥ HEOCXOAMMOCTH JErKC Ooay4YeHA M3 60Okee KOMMAKTHHX

A

MaTDHIH OENMOOK apaMeTpoB M Ma8TpEmE 7T .

lporpauma KPUTC npusf3saHa K KaTANOry KOSGUOMEHTOB UyBCTBHTENBHOCTE
COMA®OP-I [2] , a rarxe cornacoBaEa ¢ mporpauMauu CUTMA-I u CUTHA-2,
onpeZeNADUEMA MONAHOMI J2NBHYD NEPaMETPU3ANMD 3HEPTETHIECKOTO XOJa Cederiy 3
Hepe30HAHCHO} 00ZacTH H BHYRCICHHe MaTPHUH T nns HafifeHHHX nNapaMeTprsE,

ONeMeHTH MaTpHUH T » COOTBETCTBYDUNE DE30CHAHCHOE 0GA3CTH, AONH—
BH BBOZMTBHCA B NpPOrpaMMy B KaueCTBe MCXOZHHX ZaHHNX. [pm aToM m1sa ypa-
Ha-238 MOryT OHTH MCHOAB30B&HH AaHHHe padorw [3 .

lporpaMma BanucaHa Ha a3uke ANTON-60 (1A-2). Maxcumansnoe umciac na-
paMeTpoB  Z,=7 . MakCuMaJBHOE UMCIO 3HEPTeTHYECKUX IpPYIN, B KOTOPHX
K03QUINeHTH .Za.i’ cymecTBeRHH = I5. Uncno ¢VHHLMOHANOB K) He-
OTpaHMYeHO. BpeMs cueTa TUMAYHOrC BapHaHTa - I0'.

JKTEPATYPA

I. I.H.Ycaues, C.M.3apumuli. TOYHOCTE pacyeTa XapaKTePECTHE GHCTDLX
DPEaKTOpOB B 38BHCUMOCTH OT TOYHOCTM 3JIEMEHTAPHHX KOHCTAHT. Kongepemmmus
mO A7ilepHEM ZaRHuM. [lapux, I1966.

2. C.M.3apuixult, OGoCmeHHAn TeOpHA BO3MyLeHME B HEKOTOpHE 3ajaul
(#3MKA OGHCTPHX DE8KTODOB,. Imccepraimma. Mexerecc. I970.

3, A.0.ACaraE ® fp. BamAHMe BeJHYMHH CPEZHUX PESOHAHCHHX NApaMeTpoB
Ba OIOKMpOBaHHHe CedueHHMs ypaHa-238. BUAXL, Bun. 8, wacts I,
ctp. I54, 1972 r. '
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PACYET COEPUYECKCTC HTPONYCKAHMA METOAOM MOHTE-HAPIC

¥.C.Cpuos, AN.Qu6yas

lporpamus cepeff "ANYIPOHC® g WCHOPAYIA™ npesBpasHaueBd AN PacUETs
chepruecKRX HponycKaEHE uMeTozoM Moure-Kapac 5 o6parHoft (cepma "ANYIPOKC®™)
m opsaMoff (cepus "CKOPIYOA™) reoxerpdax. lMeeTcs BO3MOEXHOCTE OZROBpEUEH-
HO UM [OPOBHE YUMTHBATH CReZynmre 3QPeRTH:

i. Pe3CHaECAYD CTDYKTYPY ceveHuf Marepmang chepH B NOATpYNIOBOM
OPESIHREEUK :

2. 3areineHHe { yupyroe ® Heynpyroe) HefTDOHOB B paMKax MHOTOTDyI-
NEBOTC L[OIXON3 C VYeTOoM LelcHUR ¥ peakum ( /7, 2~ ) B TPAHCHOPTHOM OpH-
pauxeHuE (26 I'pYyOL);:

3. AHM3OTDOIMD pacCesHHE Heﬁfpouon { EHZAKATPHC2 DpacCedHMs 38Zaer-—

CA B BHUJE PA3IOECHMR [0 NONMHOMAM J&XaEZpa AC 5-I0 NOPAZKA):

4, HoHeutiye DE3MEPH ZETEKTOpa ¥ ZENDECCHA HOTOKA 3a CYeT MOTIone-
HUA HERTPOHOE B ZETEKTODS:

S. XOHEUHOTTH DACCTORHHMA JAETSKTOP-UCTOUHMK. BOSMOXHOCTHE OTZElbHEX
1porpamMd YEK83cHY B TaGAMIE. :

fiagpasie Pz b s e s 1aATT Y
CHOPIWIA I (2% -~ ; | ;_ R
CROPIYIA L | ) | jl g RS
CEOPRYIA ¥ (3} | > > 3 | 57
ANYIPCHC I (2) ;> L L By | &
ANYZPORC I (2) , £ | 10’
ANYIPOKC 1 | st 0 | 5
ANYIPCHC I3 (3)  —><<_1 ><1 "1 <6 | &
AIYIPOXC Y11 | | L s6 . u

B CHOCKax NMeDBOrO CTOAOOA YKA&3HWBAETCHd 4YMCIO HOATPYHI. AT/T - OT-
HOCHTEIrH8s Om#GEKa B LOPONYCKAEMK. G=/VW¥.T s Tle A - WCIO DA3HIDYEMHX
ECTODHI. T - BpeMs CyeTa AECATH THCAY HCTOPHft npy TONmMEE CepH,par-
Hoft OXHOM ZAMEE CBOGOAHATC Mpo6era.

dHOTOTDYNIOBHE NPOrPaMMH DACCUYUTHBANT BEDOATHOCTH DETACTDANHE Helir-
pOHOB { . } { -oft rpynmu cmeKTpa MCTOUHMKA NPM 33LaHEO# 3dPexTHBHOCTH
Jerexropa (£: ) ¥ BEDOATEOCTE DETECTpanuu HeUTporoB ( X¢ ) B L -off rpyn-
fe AeTEKTOpa ODK 33AAHHOM CHEXTPE MCTOUHARE ( S J.

T=LRo/ss =5k ST
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QmEOrpynnoPNe NpOTpauMH, KpoMe nporpaMud "CKOPAYIA-I® paccuurs-
BaNT BEPOATHOCTH DETMCTDANAR HeliTpoHoB Fem(Zem) , mpRiafleXaBmux nep-
BO#t (BTOpoO#t) mozrpynne a0 nonazaEds B chepy, HcouTasmmx ® € M coyzape-
BB} ¥ noGuBasmux " sz ™ pa3 Bo Bropo#f (mepmofi) noxrpymne, CeueEHe mOr-
JOUEHHE B ITOX Ciyuae CyHTaeTCs pasBuM (O, OTE BEDOATHOCTH NO3BOIANT
3aNfACaTh QEANNTUMYECKOE BupaieHWe NPONYCKAHWA ANA CHEpH C HOrIomeHueM
(T). OTHOCKTeNBHAan omuGKa B afpexre mormomenus {( ¢ =%-T ), rae To -
NponycKague cpepd Ge3 NOrIomeHus, pPaBHA OTHOCHTeIBHOH omuOxe 3 T,

B ozuorpynnoso#t nporpaxMe "CHOPJIYIIA-I" pacCUATHBSETCs NpPONyCHaHHE
Ec{TDOHOB OZEOH IPYNNH ¢ yyeTOM NOTAOMEHWA B MarTepuane CdepH ¥ BOSMOEHOIO
yBOZAa HeliTpOHOB 32 NpejenH TPYNIH 38 CUST 3aMezieHud.

Bce mporpaMMH BRanucapH Ha f3uxe ANT0LI-60. BpeMs paGoTH YKa3aHo B
Ta0IdOe .

COHOT-CHCTHAA [IPOTPAMM IO IUIAHMPCEAHVID OKCIEPMMEHTOB ¥

OIPELEIFHMC OOTPEBHOCTEL B TOYHOCTAX MSMEPEHMHA OLIEIHOI{

AIEPHO-QMBMMECK"X KOHCTAHT LA OEECTEYEHMA PEAKTOPHLE
PACYETOB C TPEBYEMOF: TCUHOCTEK

6.7 .Booxor

5 pavrax CHCTeMH MOI'VT GHTE PEmeHH CJAeNVRIFEe 33%ayk:

1. lizaHepoBanEe ODTHMANLHCH COBOKJIHOCTY MEKDOSKCHIEDUWMEHTOB u OLie-
EOF LA OCECTeYEHUS 3aJaHHON TOYHOCTL DECYETE PEanTOPHOTC IapaMeTLE.

&. 1sHipoBaHMe MHTErpAnbHHX M3MeDeHMil, uYTO BRJIKYAET B CeCH KCCJae-
LoBande HEQOPMATVBHOCTE BKCIEDUMEHTa KWIM HA0Opa SKCIEePUMERTOB HO OTHO-
HEHND K KAKOMy-TO DEaKTODHOMY HapaMeTpy, ONperescHUe HEOOXOIMMHX TOYHOC-
Ted SKCIEPHMEHTA ¥ NOMCE HAWIydmeIo Ha0opa SKCIEDVMMEHTOE H0 OTHOmEHHD K
KaxkOMy-TO DPeaKTOPHOMY IapaMeTpy.

3. [penckasanue peaxTOPHHX NApamMeTpoB U EX LucHepcuil Ha OCHOBE COBO-
KYOHOCTH MHKPO—~ H MAaKPOSKCHEPpMMEeHTOB ¥ HOIOI'OHKA I'DyHNINOBHX NapaMeTpoB IR
HapIydwero OUMCAHKA BEAGOPa SKCIEPEMEHTOB.

4, CommMecTHOe nnaunponanne'nn@@epeaunaﬂsﬂux I EHTEIDATBHHX 3KCHEDE-
MEeHTOB.

Bce mpoueIypH BAIBCaRH Ha fauxe*AJT0I, npnmeunwensﬂo R TPaHCJATODY
TA-IM.

Upcy0 He38BACHMHX NapaMeTpOB IpY pPEmeHKE BCeX UePEeYHCJEHHHX 3aIay -
ISOIO. Ilpp HesHaduTeJpHOR IHeperade 4UCJO IApaMeTDOB MOXET CHTH HNOBELEHO
Jo 2000g. _

JUTEPATYPA

I. R.T.Bo6roB. COIOT - cucTeMa mporpaMd N0 IIAHAPOBAEND JKCISPEMEH-
ToB. Oruer @M TP-I1007, 1972 r.
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VE3ERO-3HEPreTUYeCKIE MHCTUTYT

A.T.JioBdenro, B.E.Komecos. IIporpsMva pacueTa HEATDOE-
dHX cedeHEE 1O onTUYecKod Molesr fArpa (IPC-2)eieeecv..
B.M.buuxos, B.M.lomor. [Iporpama "POIT"...cceevencacs
B.M.lomos, B.M.BuunoB, H.B.Bacmmpepa. lporpaMvi LA
CleHKE InfpepeHIMANPHENX CedeHuit YOpPYIror'o DacCeaHwR
ZEUTDOHOB . s sssssosensaessassssosscnnsscoosssscasccrsnns
A.B.Jrgator, B.il.JyHes, B.C.llopmm. Ilporpavm "CCROT"
W MOOVIRY! eveecccecccecsssecsosncsssaassesarsncsnsnns
A.B.rvaror, B.0.J0yHeE. [Iporpamma "ADAPE" ....veeve-
S.o.iliopmE. lporpamMe pacyeTa CeveHNy pamMalliOHHOTO
~axBaTa HEATPOHOB 00 CTATHCTUYECKOH TEOPMKesecossasse
T.d.Tepruomit, 0.5.0y¢ms. [porpamv pacuera YIJIOBHX
naCOpeleseHnl X CHEKTDPOB HEYIDYI'C DACCeAHHHX HelTpo-
40F 2 craTUCTAYecKO¥ MoIes "OMIA"e.eieeeenscssennasns
3.l .lpoHAeE. FacdeT (VHIIIMI BO3CYXHeHWsI Z CLeKTDPOE
deYIPYVTC DACCESIHHEY HERTPOHOBsesseaccvrsotonsenssnscas
A.T.LOBOEHKO. lporpaMma pacdeTa HeHTDOHHHY CEYSHHE
(IPC2M ) eenevossasncassscavsassnsasssessnscaasnsnsans
A.J.00BOEHKG. Iporpamva pacueTa CedeHMd paIualliCEHO-
TO 3axBaTa OHCTIHX HERTDOHCE IO CTaTUCTHYECKOV. MOIEJT
ADPE (IPC—3 ceceenotavsarasssconssossnssssansnancannns
A.JT.LoBoenxo, A.B.MrmaTtmk, K.H.lty6ms. Onopenenenme na—
PaMeTDa @ BHYMCJAEHEE IUIOTHOCTE BO3OYHIEHHHY COCTOSA-
HEM SIll€Leseseossosvonrecscnsorssscecncnncassonosnsassonse
A .0oBOGHKO, A.BJArsaTEw. lporpamMa pacyeTa CedyeHMi
OpAMOT'C B KOJJISHTMBHOI'O DAIKAIMCGHHOTO 3axsaTa HelT-
POHOE wesssasassecescescssssssssosanscassssnssscsoaneasn
B.l.lonos, b.l.lpoHres. HporpadvH s MKETEDPUOJALNED

Z KOMIIRKTHOTC IPEINCTABJICHNA NaHHHX LC HeYNPYyIoMy pac-
CeSHED HEMTDOHOB METOIOM NCEBIOYPOBEEV.seoessvscocsas
A H.lapnerm, B.A.TomcTeroB. AMIQJI-mporpamma LA
AIIIPOKCEMANNY JKCIEPEMEHTANBHEX TaHHHX OPTOI0HAD HELD:
TIOJEHOMAMHA €O CTATACTHYECKAM 2HAMABO0Me ssssvsssseacsnses
H.C.bazazamm, I.B.I'opdadesa. liporpamma pacdeTa CHEKTpa
peaxtnZ (n,2n}-PEC Lesesessasesecacacsssntesesanses
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I6.

I7.

18.

I9.

23.
24.

25.

26.

7.

28.

<29.
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M.H.Hnrosaes, H.O.Basasaun. Iporpamma pacyeTs KOS(IMIECH-
TOB pasJOEKCHAS IEfbepeHIEANLHHX cedYeHHE paccedHMs B DAL
no mosmEoMaM JexaHNpa "TAPANEHE, cceecececccscssonrcassscss
B.[I.lyneB, A.A.IyxeaHOB. IIporpamMa "SIGMARES" | teceeeces
E.A.Hopyarusa. [IporpavMH pacueTa CPeXHHX pacCTOSHEE
MeELy ypoBHAMH( TAD ) ¥ HX DacHpPENENICHMA (" PAD Jeeerovnoc
I 0.AGarsH, M.H.Hexonaes. IporpamMa pacdeTa CederHddl B
00JaCTH HEPASPEMEHHHX PEBOHAHCOBesesnsocasasssassassssace
M.H.Hrxosaes, I.JI.AGarsan. Ilporpanma pacueTa cedeHmil E
PE30HAHCHOHR OGMACTY SHEPITH-YPAH: «oveeeecessornccssscsens
A.0.AGarau, M.H.Hmxosnaep. HporpamMa pacueTa NpOOyCKRaHER
B De30HAHCHOR 06MaCTH SHEPIEH-O3Alle e ceeeaesacccssacrersne
l.0.AGaras, M.H.Haxonaes, B.B.Czmma. llporpamva MHOIC-
YPOBHEBOTO pacueTa cedeHME IO PE3OHAHCHHM IapaMeTpam

.WQ:OU'0....0.....I..l..‘..C.I...O...Q'I..Q........l.ll.'

B.B.Crmma. [IporpaMva yCPETHEHEA CEUCHUeeesssouvsoccesass
M.M.CaBocexmH, 3.9.Cwxma, B.B.Cunmis. Iporpammsa pacdeTs
IOATPYyNNOBHX NApPaMETPOB — COMeeecesacscrconccorsansovesons
M.H.HmaxosaeB, H.O.Bazazamn. liporpamMa pacueTa CpeIHEIDYL-—
OOBHX 3HaUeHW# JIVIOBHX MOMEHTOE CEYEHUS DACCEHHNA X (VHE-
vt gpoIyCKAHBA ~"YMBIOKS e seeeeenscesantacacracssascss
H.0.Bazaszamm, M.B.Ctapocresnko. Iporpamva pacdeTra MHOTO-
TPYINOBHX MATDMI] YyTVIOBHX MOMEHTOE CEYEHMA YUpPyToTe ¥
HEYHpYyToOro paccefHuAs HefiTPOHOB C yYETOM CaMOIKPAHEDOBIE
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Institute of Physics and Energetics (FBI)

PROGRAM FOR CALCULATING NEUTRON
CROSS—SECTIONS FROM AN OPTICAL
MODEL OF THE NUCLEUS (PRS-2)

A,Bs Dovbenko and V.E. Kolesov

The program [1] is intended for calculating the following quantities:

ey L4 )

;=Zﬁé
P ZLWQR -£+//)
{e
beedie ], b, @f R Sz)
ag) a{“
J
Z (E £ w)
un (E F'" :: 2,71 1) ;7[; {C}; (2J1"f} £ .
Z 1 S ([--»Em)
£
6;131 E) :————Z—Lﬁ’f“"“’; 7 (b}? 2g+7/ s
. 2K 44} L “J - f+ o (BaE)S Tﬁ{; wie (E £ n')
{,’d f1n
where Os is the "optical"™ elastic scattering cross-section;
°, is a cross—section describing all processes in
which the quantum state of the final nucleus differs
from that of the target nucleus;
o, = (o + 0 ) is the total cross—section;
s c
Oln(E,Em) is the inelastic scattering cross—section for neutrons
of energy E when a level with energy Em is excited;
OnY<E) is the cross—section for radiative capture of a

neutron with energy E by the atomic nucleus:
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£ is the orbital angular momentum and j is the total

neutron angular momentum;

IO is the target nucleus spin;

J is the total angular momentum of the compound nucleus;
- - (B}
SalBueE) = *‘2—;,;“77;'-7- ¢ (E)

Bw
’ff(p) . of 'S; GOC'DE \/O: (.G"“&{)CAEJ’
oy ’

.E-f 6}’2 scp & Vi (BnrE~Ep)d &y

where Bn is the neutron binding energy;

57 (Bn) is the experimentally observed neutron resonance density

for S neutrons;
PY (Bn)  is the mean radiation width, and
a is the level density parameter of the Fermi gas model

The basic data for the calculations are Bn, E(Bn), T; (Bn),cl; the

parameters of the optical potential:

(Vo =V, - %. &V GF, \g=-Yellrii)

;f+exp(.'!;a:’75)

1
iees VO,'Xq A £, A (mass number), R & r, A /3,

and also the scheme of target nucleus levels (m! < ﬂ‘). The accuracy of the

. o £ . '3 <
final results is governed by €, and nax by the inequality Tﬂmaxj (B)<e,

The program makes it possible to calculate the above cross—sections for

any set of energiess It is written in M-20-type computer codes.

The machine time required to compute one value of E depends on the target

nucleus spin, the number of excited levels and e€(~1 min at E 8 1 MeV and
€= 10"6).
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REFERENCES

(1] MARCHUK, GeIle, KOLESOV, V,E., Use of numerical methods for

calculating neutron cross—sections, Atomizdat (1970).




ROPT PROGRAM

VeMo Bychkov and VeI. Popov

The program is intended for calculating, on the basis of an optical
model, neutron nucleus interaction cross—sections, It uses the spherical

potential

. N k2 I s 4
U s Ve e b [ &
Vo= e e g Ll e
v I+ exg (L~ y
2w

Pl (1)

The Schr¥dinger equation is integrated by the Milne-Numerov method with
the steps

of; at £n*7 #sb
A/) =4 /KAL) = 1 005205 at En < fpl

(2)

where K =;§ \f—”.,

The cross-linking radius is selected as lo5 (Rv + 8av). The program
calculates the real and imaginary parts of the matrix sej, the penetration
factors Teyj, the total cross-section otot’ the cross—section for formation
of the compound nucleus Oy and the gngegral and differential elastic
scattering crogs-sections Oef and —a§~ o UThe scattering cross—section
incorporates an additional isotropic term corresponding to elastic scattering

through the compound nucleus, calculated as:

Y (8) = (Or -G )/4n v

non

where Onon is the experimental cross-section for all non-elastic processess

The program is written in ALGOL-60 (TA-IM), The operating time is ~10 sec

for computers of the M-220 type.
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The ROPT program can be operated in a regime where the potential
parameters (1) are adjusted to experimental data on total cross—sections
and angular distributions of elastic scattering, in which case up to
seven parameters can be varied, A relaxation mode is applied for finding
the minimum:

o ~ o T -~
- 4 G;7 -0 2
= 46,7

——

The program now in use is a somewhat improved version of the program
published in Ref, [1]e

REFERENCES

M POPOV, V.I., KASHUBA, I.E., TRYKOVA, V.I., Byull. Int. Tsentra
Yad, Dannym Noe 4 (1967) 327.




PROGRAMS FOR EVALUATING DIFFERENTIAL NEUTRON ELASTIC
SCATTERING CROSS—~SECTIONS

VeI, Popov, VeM, Bychkov and NeB, Vasilteva

The authors have compiled a series of programs for processing and
evaluating the angular distributions of elastically scattered neutrons.
The programs contain calculations of cross—sections from the optical
model of the nucleus and calculations of coefficients for Legendre poly-
nomial expansion of angular distributions, as well as computer graphs of
the theoretical curves together with experimental points and their errors
for a visual check on the data processing, The series expansion program
permits the incorporation into (or removal from) the experimental data of
additional points to be used in cases where correction of the approxima—
ting curve is requireds The additional points are introduced by linear
or quadratic interpolation or by extrapolation on the basis of experi-

mental points already available,

The optimum number of expansion terms is calculated from an empirical
formula derived from analysis of the theoretical curves calculated from

the optical model of the nucleus.

The programs are written in ALGOL-60 and use the automatically trans—
lated ROPT program (described in this set of abstracts) as well as the
FORMAT operator compiled for the TA-IM translator [1].

REFERENCES

(1] PAN'KOV, V.M., FORMAT operator in ALGOL, FEI preprint (in press),




CCROT AND CCVIB PROGRAMS

A.Ve Ignatyuk, VeP, Lunev
VeSe Shorin

The CCROT program is intended for calculating neu‘bron/ro‘bational even—

even nucleus interaction cross-—sections by the coupled-channel method [1].

The program is based on a Legendre polynomial expansion of the
deformed optical potential:

— RO .
Vi = ~(V+ LW £ hity 59+ W, (G2 (rge) - (29) 5 (1)
- 7 . - 7 :
4 = 1+exp{(r-Ra)fa } ’ J= 7 +exp {iv-Reh § ) (2)

Ra =Rao(1* 5 30 Y, o(0));
K =Rgo ({+§3" Xa (8)).

Consideration of the target nucleus excitations is based on the follow-

ing assumptions:

(a) The excitation spectrum for the target nucleus is an ideal

rotational band;

(b) Excitations are calculated only for the first two rotational

states pertaining to the ground-state band,

The Schr¥dinger equation is solved by a two—point system with correction.
The cross-linking radius is taken to be Ra + 10 a,

The CCVIB program calculates cross—sections for interactions between
neutrons and even—even vibrational nuclei, It utilizes a series expansion of

the optical potential (1) and (2), where

Ra = Rao (7*51“{,&/1, Y:tfx {H,‘/j);

R = Rte (1 5 Yy 1)

(4)




The two programs calculate the real and imaginary parts of the matrix C,

which is related to the S matrix by the expression:
Jz oot

f « 4 o -
L:/.;“‘-ﬂ”jl = 00/1.' C"._’,’L'I ':"/! + Ol ('.’ij, ’1"[:/" (b )

They compute the penetration factors Tij, the total cross—section Otot’

and the integral and differential cross—sections:
do

-2
aQ

(b) For excitation ofdgh%llowest collective target nucleus

(a) For elastic scattering o, ,and ; and

levels, 017‘ and .

49
The program is written in ALGOL-60 for the TA-IM translator. The
program operating time depends on the specific system by which the channels

are coupled and ranges from 0,5 to 2 hours.

REFERENCES

(1] TAMURA, T., Reve Mode Phys. 37 (1965) 679.
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ADAPE PROGRAM

AoV, Ignatyuk
and VeP., Lunev

The program makes it possible to calculate the cross—sections for
interaction between neutrons and rotational nuclei by the coupled-channel
method in an adiabatic approximation [1, 2] which makes the following

assunptions:

(2) The energy of the incident neutron is much greater than

the excitation energy of the rotational states;

(b) Allowance is made for the coupling of all levels of the
rotational band for the ground state of the target

nucleus,

The program uses a Legendre polynomial expansion ( A= 2,4) of the

deformed optical potential:

o A 4 e [(~-RE/5)]
Vi) =~(v i) TETATT ~ HoMe ~veonfi R

- - K NE 4 EpL(r-Roja)] .
GO ] & " reenlpmtgml]

RaReo (14 ZpYio(8) 5 RE=Ria (17 E54 Yio(o,).

The program computes the total cross—section (%ot’ the integral

scattering cross-sections 0ol the cross—sections for excitation of the
. do

rotational levels O_ % and the differential cross—sections ~—§£ and

do o I d

qaf

L

The program is written in M-20 computer code and the operating time for

the peak orbital angular momentum of the incident neutron is approximately

2 hours,
REFERENCES
(1] TAMURA, Te, Reve Mode Phys. 37 (1965) 679

(2] FABBVI, F., ZUFFT, L,, CNEN, Bologna, RT/FI (69) T.
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PROGRAM FOR CALCULATING NEUTRON RADIATIVE CAPTURE
CROSS—SECTIONS BY STATISTICAL THEORY

VeSe Shorin

The neutron capture cross—sections are calculated in Hauser—Feshbach
theory, the parameters of the theory being the reduced neutron and radiation
force functions. In this model the neutron capture cross-section Gn with
energy E takes the form

Gry (€)= - T EN@T ) S (s ) ,
CET0 G5 T30 E T ( E-Ex) !

where —
?(J)=.°£_g/ez+/) ;
1.1/‘1 aJ +7

f exp(-¢) ot

S =(K+ 3B ’
(<) =( i 1) (1+2ut)¥2[]l (1v2pet)7z 7

[y
o

is a correction for fluctuation of the neutron widths;

< =% 1. (E); Si =30 T (-6

7. = 278l _ VE :
Ge (RuR)+FE (K R) 7
o .
S(z ) is the reduced neutron force function for momentum e;

Ge, Fe are Hankel functions;
EO =1 eV; and R is the nuclear radius,

The program is written in ALGOL-60 (alpha), The circumference of the

translated program is 11008 cells, the mean operating time 1 minute,
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Input data

A (atomic weight); Ty T (parameters of nuclear dimensions in the
equation for the radius, R = r° A1 34 Vl); 3, FY; the characteristics of
the target nucleus levels EK' IK’ n; the table of reduced force functions

Séj) and energies E of the incident neutron.

The program prints out partial and total radiative capture cross—sections
for given neutron energiese. It can be used to calculate neutron capture cross-

sections in the energy region below 300 keV, since
(1) It is assumed that £ > 3; T, = 0;

(2) It is taken that oce we do not take

T = T i
Y capte = 'y tot! *
into account the possibility of neutron evaporation when

soft gamma rays are emitted;

(3) We disregard the energy dependence of E(J).
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PROGRAMS FOR CALCULATING ANGULAR DISTRIBUTIONS AND SPECTRA OF
INELASTICALLY SCATTERED NEUTRONS IN THE SIGMA
STATISTICAL MODEL

GeYae Tertychnyj and Yu.Ne. Shubin

The SIGMA program is intended for calculating (i) spectra and angular
distributions of inelastically scattered neutrons in the energy region where
the density of the residual nucleus states is large enough to be described by
a smooth energy function, and (ii) the total cross—section for formation of
the compound nucleus, The calculation is made on the basis of the Hauser—
Feshbach statistical model in which the absorption cross—section,
spectrum do/dE and double~differentiated cross—section d20/dEdQ are deter—
mined by the relationships:

g tprmrjy l' 1] ’1 ;/( uo
O”’ a - ’( ! - .
ol B, L) = oy 2 - 2_2 (23-0T 8 e, (1)
o= yusity Yal I I’Jobc;l
C(C A2 Comirx Lovtfa J YA
- T ux AN 3‘ " )
V{.E (Eo)émfj} 9(2(’4 [)/),,/ § . /-_ { J’j) ﬁo (E‘L) ( )

or: () Jﬂ"‘/"\‘\"'hld»l‘olﬁ’
1
41,.,_{1‘, o Ta, ) PUE,- -E4, (4 )

X2 22 F(E,,T)

. ~t o
GO 443G L=~k

é’amaw L.a""-(/n? Jo+t£'g

j2 R e ax e, PR, 4
AUCELSEDT. k? 4 > D S el ) 2344 T 4, (Ea) X

= ) L2t 1) 450
C[ Cy d S\- v Cbo=0" dysile~tiof I= UGl

Frerian J+Lr e d2 min(abs, 26,234

x> S5 SO agaretookaatooiox  (3)

Gr=0  §i=13-44 (=li-Yal L=0

Y WA(TT 6t s LYW (T TC, eu,-un'i‘zi( ‘,-4—%;‘3;” D (cord) .
05

H Elax Il J{w1/2
e Py > 5 f PACHIINAAETS “

“nt
L’tzo,td/:’fll"w.{;o e

The program uses an expression for the density of the excited states o(V,J)
derived in the Fermi gas model, with phenomenological consideration of residual

interactions,

There is also a simplified version of the program which calculates the
absorption cross-—sections C%ot(Eo) and the spectrum of inelastically scattered
neutrons do/dE from relations (1) and (2).




The programs are compiled in such a way that any spectral region of

interest can be selected for calculation.

The input data are z, A, By I s the angle 9 £ %nmx3 the level

omax’®

density parameter & and pair formation parameter 5, the tables of Clebsch-

Gordon coefficients, and the coefficients Te [0:4 ] and Te,[0: 4 y 0:N7],
o} omax 1 lmax

where N is the number of points at which the spectrum is calculated.

The program is written in ALGOL-60 (alpha), and the operating time is

2
~0,1 x ﬂgmax x N(min); it is five times faster in the simplified version.
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CALCULATION OF EXCITATION FUNCTIONS AND SPECTRA FOR
INELASTICALLY SCATTERED NEUTRONS

VoGe Pronyaev

1. The NUR program calculates excitation functions for the excitation of

discrete levels with known characteristics Sft by neutrons of up to 14,5 MeV:

P Z S - L _oIx
E(Enle ) =55 2; e, % G % CJ/'(E &) (1)

and also of groups of unresolved levels of width Aei for which in statistical

description:
~ ) s r”q 4 r=&, S
O(r8) = 2(2L,+1) < ZT” ‘f")“: FEG -1£:X 7 dic Tl (2)
o (1 ’
&pﬂ;ﬁg’%)A&;
where

= = —— X T
= 2— - - . .
—D %’: {nz{'/‘g%. \\/('.J’ (En- tlz, -+ au) +

B /EVQ" ) (3)
EX-Emansy G w/ (F 9+a\,)/n(7fc)({g

and the summation for V corresponds 4o various escaping particles.

The input data are arrays of sticking coefficients Tey jy V(Ev) obtained

with the optical model for neutrons, protons and alpha particles,

For level density, the relations of the Fermi gas model are used with
phenomenological consideration of pair formation. The program is written in
ALGOL-60 (for the TA-IM translator), the circumference of the translated
program  without the input arrays being 34008. The program is organized in
such a way that for a given incident neutron energy it calculates the
excitation functions for all levels that might be excited in the residual

nucleus, The operating time for a given initial energy En can be evaluated as:

t(En)"'O,5 _Q'_Z;_L)_

(Elt ma_xn)*Ob {fnln
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where I is the spin of the target nucleus in the ground state;
st is the scattered neutron energy step (MeV); and

Emax n is the energy of the last resolved level in the level

scheme of the residual nucleus (MeV).

There is a modified version of the programme called NURmod, which
supplements Eq, (1) by including the probability of meutrons being emitted at
the pre-equilibrium stage [1] and accordingly renormalizes the rest of Ege (1)

-y v N
G(E’L'E‘) - (8L, +) «*~ e%,j(zow)]%; (k) ~

v { T S (E}n-&; 14)on s ; .
) i_j_ (Z\‘"né) 2 (54+5n‘_‘9’)
T e T ()
f:,/Z" ;35%‘: m%;g(&ﬁ/}];;f(gé /\(Z‘/,//—'/Os(%“-‘*rﬁn)”é"/[12;/—[3”)3_]';/_: ’ (4)

<(1-82) )

The density of the particle-hole configurations is determined with the

superfluid nucleus model,

REFERENCES

(1] GRIFFIN, I.I., Phys. Reve Letters 17 (1966) 478,
BLANN, M., Phys. Reve Letters 27 (1971) 337.
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PROGRAM FOR CALCULATING NEUTRON CROSS SECTIONS (PRS—2M)

A+Gs Dovbenko

The program calculates elastic scattering absorption and total cross—
sections (o_, o and ot) in the optical model [1] as well as inelastic
scattering and radiative capture cross—sections in terms of the modified

Hauser~Feshbach relationships [2]:

S = Ty T —— 5 L s ’/; |£)
Lol ,‘(‘L +ij L;r f «

RS

Here, s7" is a correction for width fluctuatlon, and ¥ (E) is

associated with the optical penetration factors T (E) in the following way:

= (1= V1 g i)},

~ L
bej (€) =

\n(u

where g(0 < g< 1) is a parameter determining the correlation properties of

the compound nucleus,

The expressions for E(E) and g(E) determine the energy dependence of

the radiative capture width and total radiation width:

ST
o0y cf Gty (BA+E-E,0)05,
€{E}=- [Eatl o3
& U AEN P (B E-E)0) iy

- oy, 9 ; { )P{Bm”&hb’}_l,by
Flo= 2o
STE & ) P (B E £y, 0) QG

Here f(e ) takes into account the additional energy dependence of the

radiation force function with respect to 83 [3].
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The dependence of the level density on spin and initial state is taken
as
Ay SR
DL E) = 4 piu ooy, g S (T
,j [l yf) 5 ‘uv(})(wyr{) 0/1/) ) ) 5,‘.“,’/&) .}

and for the energy dependence of the level density Q(E; J = 0) we use the

Fermi gas model or superfluid nuclear model equations [3].

I'n addition to the basic data described in Ref. [1], we need for
PRS-2M computations values of the parameter g and of the additional level
density parameters, Computer operating time for one value of E depends on

the terget nucleus spin, the number of excited levels (m* < 25) and €,

REFERENCES

(1] DOVBENKO, AoGo, KOLESOV, V,E., Program for calculating neutron
cross—sections froman optical model of the nucleus (PRS—-Q). See

present collection of abstracts, page 3,

L2 MOLDAUER, P.A., Reve NMod. Phys, 36 (1964) 1079,
(3] DOVBENKO, A.Ge, IGNATYUK, A.V., TOLSTIKOV, V.A., Preprint FEI-293
{1971).
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PROGRAM FOR CALCULATING RADIATIVE FAST NEUTRON CAPTURE
CROSS—SECTIONS FROM THE STATISTICAL MODEL
OF THE NUCLEUS (PRS-3)

A.Ge Dovbenko

The program is intended for calculation of partial and total radiative
capture cross-—sections for neutrons of up to 20 MeV. The radiative capture

cross—-section is represented as

2
5 T 6} (RY+4) [Fe (11,
@nw//;)“?"“"-f“,,/ }‘ ((E/'-~—- 5 “,'-‘fr O e
ri 2k (2o td) T 7 My (4,9} + __%JJ_LUZ EE,E’ISLC’E'(E‘E.;) L {E7)]

where

r
A(E7)= 5 [ T€TuTele-) 5 p(0-d, Ly dv

e’

takes into account the competition of inelastic scattering levels whose

characteristics are determined by the level density Q(Vik).

Here T (u,J) is the total radiation width; and
Nmax
fpe(02) 3 Inpls) is the radiation width correspond-

ing to radiative neutron capture
(different from the total radiation
width because of competition between
the neutron emission process and

cagcade gamma quantum emission);

ﬁmY(u,J) determines the probability of
transition of the nucleus to a state
with excitation energy less than the
neutron binding energy through

emission of m photons;

[ . PeS) = e N

)= &=L Lue T (E-En)td (E,7) is the neutron width; and the coeffi—
cient GJ takes into account the law

Ie
of conservation of angular momentum

and paritye.
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The input data are E¥, Bn; 61 and 62 —~ corrections for nucleon pair
formation for the compound and target nucleij; ay and ay - the level density
parameters for the compound nucleus and target nucleus, respectively; and
the energies, spins and parities of the known discrete levels and the parameters

of the optical potential.

The partial and total cross—sections for the (n,y) reaction are printed

out as final results, The program allows calculation for any set of energies,
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DETERMINATION OF THE PARAMETER AND CALCULATION OF THE
DENSITY OF EXCITED NUCLEAR STATES

AesGo Dovbenko, ,A4,Ve Ignatyuk and Yue,N, Shubin

A given density of neutron resonances DObS (Bn,IO) — with neutron
binding energy Bn and target nucleus spin IO -~ is used to determine the
level density & and to calculate the density of the excited nuclear states

for a given energy range.

To determine the state density we use the superfluid nucleus model in
the continuwous spectrum approximation, the parameters of the model being
the correlation functions Az and &  for protons and neutrons, For

N
AZ = lﬁ.= O the program determines the Fermi gas model parameters with

effective excitation energy.




- 2] -

PROGRAM FOR CALCULATING DIRECT AND COLLECTIVE NEUTRON
RADIATIVE CAPTURE CROSS-SECTIONS

AeGe Dovbenko and A.,V, Ignatyuk

The program is intended for calculating partial radiative capture
cross—sections and the hard section of the gamma spectrum on the basis of

a schematic model of direct and semi—~direct capture [1]:

S LA LG TR PP
S =g S Ui A

S

< 7 N
| o) ceyptriran

Here KY and K are the wave numbers of the gamma quanta and neutron;

M is the reduced mass:

sjj' is the geometric factor for dipole transitions;

U : are the wave functions of the shell model for the final

single-particle state;

U ¢ are the wave functions of the optical model for the

incident neutron; and

Fejj“ is the coefficient for enlargement of the cross—section
due to collective emission of the gamma gquantum.
Provision is made for various modifications of the
coefficient Fejj' because of the various ways of

describing it in existing models [1].
A more detailed description of the calculation methods is given in
Refs [2]e
REFERENCES

(1] BROWN, G,E., Nucle. Physe 57 (1964) 339.
CLEMENT, C.F., LANE, A.M., ROOK, J.R., Nucl. Phys. 66 (1965) 273.
ZARITSKY, D.Fe, LUSHINKOV, AsA., URIN, M.G., Yad. Fiz. 3 (1966) 432,

[2] DOVBENKO, A.Ge, IGNATYUK, A,Ve, FEI-311 (1971).
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PROGRAM FOR THE INTERPOLATION AND COMPACT REPRESENTATION OF NEUTRON
INELASTIC SCATTERING DATA BY THE PSEUDO-LEVEL METHOD

V.I. Popov, V.G, Pronyaev

The programs are intended for the interpolation and compact
representation of neutron inelastic scattering data over the energy
range 0-15 MeV, The method relies on simple parametrization of the
shape of the excitation function for a level or group of levels of
width AU = 0,2 MeV, The excitation function s(x) is approximated by
a Maxwellian-type function:

K -l .
S(x) = Z {/JT Dx/m’,',}/-’z u:d‘cx/y(—é('x) (1)

~

L=

in which
adi =67,
Pr=1-£-F,
P= £,
FPs =F>
X :£3b~£)

Here En and Ej are the energy of the incident neutron and of the level

or group of levels, respectively;

Pl’ P2, P3, bl' b2, b3 are partial contributions and coefficients
determining the widths of the Maxwellian functions;

A and T are the maximum values of the level excitation cross—section and
the distance between the threshold and peak value of the level excitation
function.

Thus, to describe the excitation function for each level we have to
know seven parameters: A, T, bl’ b2, b3, f and P, The region of resolved
levels of the residual mucleus includes eight groups of levels, and to

describe these 56 parameters are given,

In the level contimum region we postulate that the parameters vary
smoothly from one group of levels to the other and select, for each of the

seven parameters, eight coefficients for a power series expansion of the

energy dependence, Parameter selection is based on optimum description
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of the available experimental data for the level excitation functions,

total cross—sections and inelastically scattered neutron spectra.

The programs now available with the selected parameters emable us to
calculate:

1. Excitation functions for groups of miclear levels over the 0-~15 MeV

range of residual rnucleus level energies;

2. The inelastic scattering cross-section deformed by the contri-

bution of the n—th emission of neutrons, i.e. 9+ 20 +
n ny2n
3¢

n,3r1 IUOO;
3e The total scattered neutron spectrum from the reactions (n,n'),
(nyan) and (n, 3n);

4e A matrix of group cross-sections for inelastic transitions,

with any breakdown into groups (but not more than 26 groups).

The programs are written in ALGOL-60 (Ta-2), The program operating
time in an M-20 class computer ranges from 2 to 20 minutes, The texts

of the programs are published in Ref. [1].

REFERENCES

[1] PoPOV, V.I., TRYKOVA, V.I., SLUCHEVSKAYA, V.M., Bulletin of the
Ruclear Data Centre 5 (1968) 116,
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ALGOL PROGRAM FOR APPROXIMATING EXPERIMENTAL DATA BY ORTHOGONAL
POLYNOMIALS WITH STATISTICAL ANALYSIS

A.N, Davletshin and V,A. Tolstikov

The program uses an algorithm to find (by the method of least squares)
the coefficients of an exponential polynomial approximating the initial

totality of experimental data.

The experimental data are presented in three arrays Xy Yy 2y where k = 1,
cesey I, Here XYy are the abscissa and ordinate of the experimental
point, while Zy is either the absolute or the relative error in measurement

of the ordinate Yo

Irrespective of the way in which z,_ is represented, in the calculations

we can use weights Wy of three types: «
Le wk = 13
2, W, = l/bi, where 9 i the absolute error in Y
3 W = l/6i, where bk = 5& is the relative error in Fyee

k
The approximating polynomial is sought in the form

Uy (x) = é; b ¥ (v) (1)

where ¢i(x) are polynomials of power i, normalized to 1, orthogonal at

the set of points ka Jy k= 1y vesey M

The power of the approximating polynomial n is determined by checking
the assumption that bi = 0 for all coefficients bi of the polynomial in

Eqe. (1). To do this we compare the tabulated value for the Fischer

distribution Fgl;Q)

b
Here V= m~-n-1, 0 is the level of significance, and On is the dispersion of

and the quantity bf/oi which obeys this distribution.

the measured value (with weight 1) obtained for a polynomial of power m,
All coefficients bi for which this assumption proves valid are equated to
Zero, The initial given power of the polynomial n should be such that
at least bn = 0, As a result of this statistical analysis we determine
the power of the polynomial n < n and recalculate Oio. The polynomial

in Eq. (1) is transformed into Eg. (2).

The main results derived from the approximation are:




4.,

5.
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The matrices of the polynomial coefficients @i(x);
The array of coefficients bi, 1 =0, ¢aeey N

The array of coefficients of the exponential polynomial
O ‘. L
frno(x) = 3 Cik (2)
The array of polynomial coefficients for calculating the

dispersion of yno(x);

A table of values for y(xj) with the step 8%, calculated from

Eq. (2), together with their dispersions and relative errors,

The step 4x may be made constant on a linear or logarithmic scale.

The program is written in alpha language and its length is approximately

2000

80
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RVS PROGRAM FOR CALCULATING THE SPECTRUM OF THE (n,2n) REACTION

N,0. Bazazyants and L.V. Gorbacheva

The RVS program is designed to calculate the spectra of primary and

secondary neutrons in the (n,2n) reaction [1].

If the neutron energy exceeds the binding energy in the target mucleus,
then the residual mucleus formed through inelastic scattering may have

enough excitation energy to emit one more neutron.

For a given excitation energy of the residual rmucleus, the spectrum

of secondary neutrons may be written
Lz
Tes (E.)dE, =G E-e G5 gr, (1)

where

E 1is the energy of the incident neutrons;

B 1is the threshold of the (n,2n) reaction;

E1 is the energy of the primary neutrons;

E2 is the energy of the secondary neutrons; and

Eb = EO--El is the excitation energy of the residual mucleus.

The general secondary neutron spectrum obtained by integrating Eq. (1)
for El’ with a probability weighting for the emission of a primary neutron
with energy E1 from O to E -B~ oy takes the form

Eo-B-Ez £q £y

2 g E) TBET dEs
L(E)al = Cbadfy [0 T e T AT (2)

where S(Eo) is the thermodynamic temperature.

If we assume that

Q(EO'B"E() = Q(Eo) . '/_E: *

we will get the following expression for the secondary neutron spectrum:

‘VEo
Eo-B-E2 g¢$¢§¢g7—+£i (3)

Ia(&)ll’FZ 24’{1%152 J E{c & (Eo) CZ,E{ )
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The primary neutron spectrum is calculated as
-7
L.(E«)Q/Ef' =(,E, & Olk) ’ (4)
where £, < (Ec-B)

The thermodynamic temperature S(EO) is calculated in the program from

the formula T
k)=t 2

1~(VE) e
w=Eo-RO(Lo)+A, where 4 =0; a=722;

in which 9 (Eo) is a first approximation of the thermodynamic temperature,
assumed to be ~ 0,51,0, Provision is made for uncoupling the unit that
calculates S(Eo) and inserting a corresponding array for S(EO) from punched

cards.

The RVS program enables us to calculate spectra for primary and
secondary neutrons in accordance with Egs (3) and (4).

The number of points for energy EO in the program was set at 150, The
program is written in ALGOL-60 (TA-2 translator). The counting time, i.e.
time for computing and printing-out data for one value of Eo’ is
approximately one minute,

REFERENCES

[1] BAZAZYANTS, N.O., Evaluation of cross—sections and compilation of
multigroup constants for elastic and inelastic neutron scattering

to be used in calculating reactors and shielding, Dissertation for
higher degree (Candidate), Obninsk (1971).
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PROGRAM FOR CALCULATING THE COEFFICIENTS OF A LEGENDRE POLYNOMIAL
EXPANSION OF DIFFERENTIAL SCATTERING CROSS—SECTIONS (PARALENK)

M.K, Nikolaev and N,0, Bazazyants

The PARALENK program [1] calculates coefficients (Bg) for a Legendre

polynomial expansion of differential scattering cross—sections of the type

Ocard ) = 7} [20 Be e (A w

The expansion coefficients (Bz) in the PARALENK program are found by
the method of least squares, while the optimum rmmber of Legendre polynomials
(Nb) is determined from the condition of minimum mean square deviation of
the differential cross-section (as measured at U angles) from its theoretical
value:

A

Bt ()] v (2)

£=0

Al v
N T g
S(/") - ‘%-4 [64” (f[“} i
W= /5 = 2 ) X
Here (T Al T A (di is the mean square error in measurement of the
differential cross—section).

To determine the coefficients By that minimize Eq. (2), the program
solves a system of linear equations obtained by differentiating Eq., (2) with

respect to all B, and equating the relevant partial derivatives to zeros
AB =, (3)

where the elements of the matrix A and vector‘a are equal,

2

Aen = G 22, 1o (49 WPl 1),
(4)
o1 )ﬁ6’( L)W P (Ai)
Co = 4r L i /‘L} 2 "‘{"
We get from expression (3)
B=A4""¢ (5)

where Afl is the inverse matrix of A.

The dispersions of the expansion coefficients calculated in this way

are determined by the diagonal elements of the reciprocal matrixe

D(By = & age’ ()
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where 0 is the so-called general dispersion, for which the program uses
the larger of the two following evaluations:

AYA@):SmuLO%»YM—AG—Ur (1)
or
4 -t
éz //a/L'z (8)

N, is calculated in the program from the condition of minimum ()

as determined by expression (7), i.e. on the basis of the Gaussian criterion,

If there are several minima in the 5(N) relation, the program selects
the one in which 5(N) is comparable with the evaluation of 0 from the
measurement errors in (8), If the minimum on the 5(N) curve is very
smooth, then in the area of this minimum the program selects for N the
least number N for which 5(N) is sufficiently close to the evaluatlon in (8)

(in other words, when it does not differ from it by more than a factor of 2),
The PARALENK program recordss:

l. The coefficients Bl for the Legendre polynomials in the angular
distribution expansion (1);

2. The errors in the coefficients B, ;
3e The matrix of the correlation coefficients for the errors in

4, The angular distribution reconstructed with the calculated
coefficients;

Se The error in the reconstructed function at each theoretical

point (with allowance for the correlation of errors in B, );

6 The differential elastic scattering cross—section for
arbitrarily set additional values of the scattering angle
cosine (up to 17 additional values).

A1l these quantities are recorded both in the laboratory frame of
reference and the centre—of-mass system,

The largest possible number of points in a given angular distribution
in the PARALENK program is 41; the maximum mumber of expansion terms is 20,

The program is written in ALGOI~60 (TAFZ). The counting time for a
typical version (6—8 expansion terms, 15-20 angle points with output of
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data in the laboratory frame of reference and centre of mass system) is
mainly determined by the time taken for input and removal of the information,
and amounts tc approximately 3~4 mimutes. The PARALENK program can handle

any desired mumber of variations in sequence.

REFERENCES

[1] NIKOLAEV, M,N,, BAZAZYANTS, N,0., Legendre polynomial expansion of
experimental data on angular distribution of elastically scattered
neutrons, Byull., Inf, Tsentra Yad., Dannym 4 Atomizdat (1967).
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SIGMARES PROGRAM

V.P, Lunev and A, Luk'yanov

The program calculates the energy dependence of reaction cross—
sections in the resonance region with allowance for inter-resonance

interference and finite energy resolution [l]:

52104 L Lz > 2L _fa.
<6‘R (€] = ().“i/én() 5 { :’do( —-U(ZLJ ?b) - _B"L‘Lr l_(,'?(‘)}
£ i .

The program is written in ALGOL-60 for the TA-IM translator. Use
of the FORMAT operator makes possible a graphic representation on an
alphamumerical printer of the inserted experimental data and computed
cross—section over a 100-eV energy range in 1000 points. The time

taken for the program to operate is one hour.

REFERENCE

(1] Lumev, v.P., LUK'YAROV, A., Preprint FEI-312 (1971).
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PROGRAMS FOR CALCULATING MEAN LEVEL SPACINGS (TAD)
AND THEIR DISTRIBUTION (PAD)

Zh.A, Korchagina

The TAD program is intended for calculation and print-out of the
results of various assessments of the mean level spacings as a function
of the mumber of resolved resonances considered, The system provides

for the insertion of not more than 480 resonances,
The results are produced in the form of tables giving:
Ei —~ energy of the i-th resonance;
D, - distance between the (1-1) and i-th resonances; and

19 D2, D3 — various assessments of the mean distance between levels:

=y £, - £
Dy.i = :
(-7
e < ;s a2
3 .= ,%Ex“]{_(;_:IEA’
20T - +.f - ?
iy <
.;_" Ko = S E,
K=o K=
= A
=Y == D S
7’5,,* =V 7z T,

1

The sense of the evaluation of D, is clear. 5é represents an
evaluation of D from the slope of the N(E) curve, where N is the number

of regonances in the system of levels under consgideration over the range
0<E <E[1]

53 is an assessment of D in terms of the quantity ﬁ? = %52 [2]
obtained on the assumption that the distribution of spacings between

resonances is a Wigner distribution,

53 is most sensitive to weak level transmission, 5é the least sensitive.
The energy dependence of 3i, 5é, 33 helps to determine the energy range where

the transmission of resonances is insignificant,

The dispersions of Dl and Ib are considered for each fiftieth and/or

for the last resonances. The dispersion of Dl is calculated in accordance

with Ref. [2] as (IO.N)_l, where N is the number of resonances considered
(assuming the rumber to be greater than 10),
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The dispersion of D2 is evaluated from the mean square deviation of
N(E) from a straight line [1].

As basic data we have:
(a) An array of resonance energies;

n
(b) in array of characteristics showing to what system of levels y

a given resonance belongs.

The program selects the levels that relate to a given system and prints

a table of results for that system,

At the end of the whole table it prints out the value of 4 or y for the

given system of levels,

The program is written in ALGOL~60, After translation into TA-2 the

circumference of the program is ~ 4000 0 cells. About 3 minutes are

1
required to calculate the mean level spacings and print out a table of

50 resonances,

To analyse the totality of data on Ei’ one normally compares the experi—

mental and theoretical distributions of EE,
D
The PAD program is intended for this purpose, The theoretical distri-

- X
g x 2 2 is given in the form of a
)
straight line y = n/20 if we plot the Uk obtained from the equality Jrk f(x)dx = %

oution of level spacings fB(x) =

along the x axis on a linear scale.

The limits of the intervals Uk for n = 20 are taken from Ref, [1]. The
PAD program enables us to calculate the mumber of Di = Ei - Ei~1 which falls
within the k—-th distribution interval, The results are put out in the form
of a table. This program is also written in ALGOL-60, and after translation
into TA-2 the circumference of the program is ~ 2088lO cells, Not more than

3 minutes is required for operation of the program with complex data emission,

REFERENCES

[1] ABAGYAN, L.P.y Methods of allowing for resonance effects in group

constants for fast reactor calculations, Dissertation, Melekess (1971).

(2] MALETSKI, Knh., PIKEL'NER, L.B., SALAMATIN, I.M., SHARAPOV, Eh,I.,
Statistical analysis of the spin dependence of neutron force functions
in mclei, JINRA R3-4484 Dubna (1969).
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PROGRAM FOR CALCULATING CROSS-SECTIONS IN THE UNRESOLVED
RESONANCE REGION

L.P., Abagyan and M.N, Nikolaev

The set of programs called NERPA is used to derive sub-group parameters
that make it possible to allow for the resonance structure of crogs—sections
in the unresolved resonance region, NERPA incorporates the REPA and SOM
programs [1].

For a given energy point the REPA program calculates the momenta
<o, o?:> (-55;n<;3), the brackets denoting averaging over the resonance
structure in the neighbourhood of energy E on the assumption that the
statistical laws of level width and spacing distribution are valid amnd

that there is no correlation between the resonance parameters.

The basic data for the REPA program are the mean resonance parameters

for each level system with a given spin*! and parity n:

F?“ is the mean radiation width;

J
syn is the force function;
I ﬁ#ﬁ
Tin is the mean width for inelastic scattering (or F - the mean

fission width).

The nmumber of level systems should not exceed 10. For the energy
under congideration, the program generates the parameters of a quasi-
random sequence of 20 resonances [2, 3] described by theoretical distri-

butions of the relations

Ea e
Thus in calculating cross—sections we take into account fluctuations in
the neutron widths for elastic and inelastic scattering and in level spacings
on the assumption that there is no correlation between the parameters of
neighbouring resonances or between neutron widths and inelastic scattering

(or fission) widths.

From the parameters of the 20 resonances obtained, the resonance

structure of the cross-sections is calculated, each of the 20 resonances

being placed in turn at the energy point of interest.
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Just as in the URAN program [4], the cross-sections are described by
the Bright-Wigner formula, with allowance for the Doppler effect and inter—
ference from resonance and potential scattering, In the cross—section
calculation the contributions from 10 resonances to the right and 9 resonances
to the left of the resonance under consideration are taken into account,

On the basis of the cross—section energy curve, the momenta<i02 Of;f>
(0<n «3) are calculated for each level system CjZn). Calculation of
the mean values is based on integration, using trapezoids of the corres—
ponding values within each of the 20 levels, followed by averaging of the
results for all the resonances.

The momenta obtained for each level system are then used to compile
overall momenta <o, o? > (for Ogn 43) on the assumption that level systems

with different spins and parity are indpendent.

To obtain the "negative" momenta (i.e. ~5§5n<<0), the energy dependencee
of the cross-sections is used to determine the total (T) and partial (TX)
transmission functions for each system of levels (3310 as a2 function of the
thickness t:

e (ST L = OE)E
ey =<

(AT

P YR
L) =z (e 70

Further, these data are used to calculate the total and partial transmission

functions for all level systems under consideration.

Under the assumption made that the resonance positions and widths
corresponding to the different level systems do not correlate with each

other, the transmission functions can be expressed in the form

T =117
23 )
T (t) = T(f/.%f“fsfz;(( g

The transmission functions are calculated for 50 thicknesses t

selected by the REPA program in such a way as to ensure acceptable accuracy

in the integral calculations (by the Simpson equation):

-, ~ o
LI I AN

£ad ‘
VT i O Te(U)

o& 7

On the basis of the momenta obtained by the REPA program, the SOM

program can be used to calculate sub-group parameters from each energy

in the unresolved resonance region.,
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The prcgram is written in ALGOI~60 and after translation into TA-2 the
volume of the program is ~ 4000 cells.

Calculation of sub—group parameters at one experimental point for three

level systems takes 1 hour of M-220 computer time.

REFERENCES

(1] SAVOSYKIN, M.M., SINITSA, Eh.F., SINITSA, V.V,, Program for calculating

sub—-group paramsters (SOM), See present collection,

(2] ABAGYAN, L.P., Methods of allowing for resonance effects in group

constants for fast reactor calculations, Dissertation; Melekess (1971).

(2] NIKOLAEV, M,N,, ABAGYAN, L,P., PETROVA, L.V., POPLAVSKAYA, T.A.,
KORCHAGINA, Zh.A.,, Procedures for calculating group cross—sections
in the unresolved resonance region, Paper presented at the Franco-

Soviet Symposium, Melekess (1974).

L4] ABAGYAN, L.P,, NIKOLAEV, M,N,, Program for calculating cross-sections

in the resonance energy region, See present collection,
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PROGRAM FOR CALCULATING CROSS—~SECTIONS IN THE RESONANCE
ENERGY REGION (URAN)

M, N, Nikolaev and L,P. Abagyan

The URAN program is intemnded for describing the cross—sections of non—
fissionable nuclei in the resolved resonance region. The program makes it
possible to calculate the resonance structure of the total cross—section (o ),
the capture cross—section (o ) and the elastic scattering cross-section (o )w
The cross—sections are calculated on the basis of the Bright-Wigner formulaw

with allowance for the Doppler effect.
(;fj \/[) C) + 5 (/),n‘/ [[}/_\}— (E 7) ((,,(/‘h//f))fji/{,r T)ﬁ‘/z{,?‘//'[/)}]'l

62 (£) = X G (£) v 6,1) %—« :

where up is the potential scattering cross—section:
Om,j is the cross—-section at the resonance peak miltiplied by the
Lsotope concentration;
¥eX are functions of the Doppler broadening of the resonance; and

@

is the phase of interference by resonance and potential scattering,
calculated from a cross—section governed by neighbouring resonances
n the same level system as the resonance of interest, and from the

potential scattering cross—section.

The URAN program permits cross—section calculations for an isotope
mixture, Apart from the energy dependence of the cross—sections, the

program gives us in specified energy intervals (groups)

.

(a) The average group cross-—sectionsg OtV Gc' O

(b} The self-shielding coefficients as a function of the temperature
of the medium (F) and the dilution cross—section (oo) for dilution
of the element of interest by other non-resonance elements,

Fe (T 00), L (T,60); e (T, 6o ) (see Ref, [1]);

(o) The total and partial transmission functions as a function of the

specimen thickness;
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(d) Momenta of the type 5’; and o d for =5 <mg =1; =5gng 3.
All energy averagings within a group are done by the trapezoid

method with respect to the & = E spectrum (R is any given number),

Selection of the integration method is based on a variable energy

Stepo

The URAN program provides for the possibility of simultaneous calculation

of cross—sections in 10 energy groups which may contain up to 60 resonances.

The energy points are selected in accordance with the shape of o, and

there may be as many as 200 for each resonance,
The self-shielding coefficients can be computed for five values of

temperature and seven different values of e

The program is written in ALGOL 60 and after translation into TA-2
the program volume is ~ 4000 cells. Operating time at full output volume
is about 1 mirmte per resonance. The preliminary text and results of

calculations in the URAN program have been published in Refs [2] and {3].

Parts of the program have now been perfected and there is a hook~up
with the SOM (Combined Momenta Processing) program for calculating sub-group
constants [4]0

REFERENCES

[1] ABACYAN, L.P., BAZAZYANTS, N,0., BONDARENKO, I.I., NIKOLAEV, M,X.,

Group constants for muclear reactor calculations, Atomizdat, Moscow (1964).

(2] ABAGYAW, L.P., NIKOLAEV, M.N., PETROVA, L.V., URAN program for
calculating cross~sections and coefficients of homogeneous resonance
self-shielding in the resolved resonance region, Byull. Inf, Tsentra Yad,
Dannym, III, Atomizdat, Moscow (1966) 418.

[3] ABAGYAN, L.P,, NIKOLAEV, M.N,, PETROVA, L.,V., Calculation of uranium-238
cross—sections with the URAN program, Byull. Inf. Tsentra Yad. Dannym, IV,
Atomizdat, Moscow (1967) 392.

(4] SAVOS'KIN, M,M,, SINITSA, Eh,F., SINITSA, V.V., SOM program for

calculating sub-group parameters, See present collection.
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PROGRAM FOR COMPUTING TRANSMISSIONS IN THE RESONANCE
ENERGY REGION (EZAP)

L.P. Abagyan and M,N. Nikolaev

The EZAP (transmission energy dependence) program describes the energy
dependence of transmissions in the region of resolved resonances for non—

fissionable nuclei,

As in the URAN program [l], the resonance structure of the total cross-—
section is calculated from the Bright-Wigner equation, with allowance for
the Doppler effect and interference from potential and resonance scattering.

It is assumed that the energy resolution varies as
AE =K £ V)

where k is a coefficient introduced into the program, In the cross—section
calculations, the Doppler broadening of the resonances A increases by the
energy resolution AR, On the basis of the energy dependence of the total
cross—-section, a transmission function is calculated for a given specimen
thickness (tol):
) — Gy (E] Lot
T({E) =c¢

The EZAP program allows simultaneous calculation of cross-—sections

for 100 resonances, The theoretical energy points are selected in

accordance with the shape of o, and may be as many as 200 at each resonance,

The cross—sections and transmissions can be calculated for five different
temperatures, The program is written in ALGOL-60., After translation into

TA-2 the program volume is ~ 3000 cells, Operating time for the EZAP program

is about one minute per resonance,

REFERENCE

(1] NIKOLAEV, M.N., ABAGYAN, L,P., Program for calculating cross-~sections

in the resonance energy region (URAN), See present collection,
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PROGRAM FOR MULTI-LEVEL CALCULATION OF CROSS—SECTIONS
FROM RESONANCE PARAMETERS (MUF)

L,P, Abagyan, M,N, Nikolaev and V.V. Sinitsa

The MUF program is intended for describing the cross—sections of non-
fissionable nuclei in the resolved resonance region, With it we can
calculate the resonance structure of the total cross-section (o t)’ the
capture cross—section (o C) and the elastic scattering cross-section ( OS)
for an isotope mixture, The program is intended for calculating the

cross—sections of those nuclei for which the Doppler effect may be disregarded,

The MUF program is based on a multi-level equation derived in the

Wigner-Eisenbud formalism [1]:

(B4 B85 WY -5, Jie 2y

£ g e S S0 A /o
O (E) =4 X7 LR Sfou e 55 g, 5
s lb) B % i e 457 v Y {7+5)° 4 BF

3

b e 3 B/
Oel) =42K" 5 9 e >
where
B o= v Lui /i s Bl )
S NS rraa By = 2o
{ 142 T“) / 7 (2 o)

* is the neutron wavelength; and

g, is the statistical weight of a state with given v,
For each system of levels v we also gpecify:
b,y the fraction of the isotope in the mixture considered; and
4., the atomic weight of the isotope.
If ¢g is the scattering phase on the reflecting sphere,
Y = K
Y, = kv -qrely (ki)

3 AL-
%o = v ~arly i )

where r is the interaction radius and k the wave rmmber,

The equation given above was derived in the approximation of a large

number of indevendent radiation channels and single~channel elastic

scattering,
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Apart from the detailed energy dependence of the cross—-sections, the

MUF program gives us for specified energy intervals (groups):
(a) The average group cross-sections <Oy >, <o >, <0 >3

(b) The self-shielding coefficients fev T 3 (see Ref. [2])as
functions of the dilution cross-section (0'0) for dilution

of the element of interest by other non-resonance elements;

(c) Total and partial transmission functions as related to

specimen thickness:

~ &(E)t
72(‘—)=z.fr:d[€ R

7 - 6(EI
7}(0“<&>4£‘f’2[’51(5)€ ’ FRar,

(d) The momenta (g5, ¢57 5, where
X=5
-Hen<3

R determines the shape of the intra~group spectrum, the weight of
which is used for the averaging, The group integrals are calculated
by the trapezoidal method. The MUF program provides for simultaneous
calculation of cross-sections in 26 groups which may contain up to 100
resonances.  The theoretical energy points are selected in accordance
with the shape of the total cross—section and may number 200 in each
resonance, The self-shielding coefficients can be calculated for
T different 00.

The momenta obtained with this Program can be used asg basic input
data for the SOM program [3]. In this way, the combined MUF and SOM
programs make it possible to calculate the sub-group constants.

The MUF program is written in ALGOL~60 (TA-2), and its volume in
codes is =~ 4000, Operating time for full volume output is about one
mimite per resonance, The program text and a calculation are to be
published in Ref, [4].

REFERENCES
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PROGRAM FOR AVERAGING CROSS—SECTIONS
(Averaging of cross-sections for the ARAMKO program)

V.E, Sinitsa

The PRUSSAK program is a combination of two programs making it possible,
on the basis of the known detailed energy dependence of the cross—sgections,

to obtain the following quantities for specified energy intervals (groups):

(a) Average group cross—sections<:0x:>, where the angle brackets denote

averaging over the group with a weight @g(E);

(b) Self-shielding coefficients as a function of the dilution cross—
section (OO) for dilution of the element of interest by other non-

resonance isotopes (see Ref. [2]);

(c) The momenta {Gxe5 " D required for calculating sub—group constants [3],

where

Within each group the program allows averaging over any one of three

types of spectrum:
(1) The spectrum wg - B ’ lR L<7;
(2) The fission spectrum mg =2 eXp(——$;ﬂ s (V6F)
where

T =0,865(076+0,{9)
b= 229/02%6+0,40)

E is energy (MeV), and
v is the number of secondary neutrons
(3) mn arbitrary spectrum specified by points (not more than

200 energy points). Integration is done by the trapezoidal
method.

There are no limitations on the mumber of points in the arrays E and o,
The rmmber of groups must not exceed 100, The energies E can be specified

ineV, keV and MeV, The program is run on an M-220 computer.

The programs in the set are placed in the MB-1 magnetic drum, The

zero program prepares information on the detailed cross—section curve for

recording on magnetic drum MB-2, and records on the drum in the order
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required for the operation of the first program. The first program
calculates the integrals described above and prints them out. If not
all the information is used, the system reverts to the zero program. The

zero program introduces the next batch of input data, and so on,

Depending on the completeness of the set of cross—-sections, the following

operational variants are foreseen:

(l) The set of cross-—sections is complete, i.e, it contains the total
cross-section ( Ot) and all partial cross—sections (fo). In
this case a complete set of group constants and momenta averaged

over the specified spectrum is determined;

(2) The set of cross—sections lacks only one partial cross—section,
which can be calculated as Ut(E) - % cx(E). In this case, too,
a complete set of group constants and momenta averaged over the

required spectrum is determined;

(3) There is an incomplete set of cross—-sections, which contains Ot'
In this case a complete set of group constants and momenta
averaged over the desired spectrum is determined only for the

cross—sections of the reactions specified;

(4) The set of cross—sections does not contain 0t° In this case
the self-shielding coefficients and momenta are not determined, and
only the group cross—sections averaged over the desired spectrum

are printed out,

The momenta obtained in this program can be used as input data for

the SOM sub-group parameter program,

The text of the PRUSSAK program is written in ALGOL-60 (TA-2) and
the operating time is about 20 mimites when the circumference of the input
information is ~ 4000,

REFERENCES

(1] KHOKHIOV, V,F., SAVOS'YKIN, M,M., NIKOLAEV, M,N., Byull. Inf. Tsentra
Yad, Dammym, VI, Supplement, Vol. 2, Atomizdat, Moscow (1971) 7.
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[3] SAVOS'KIN, M,M.,, SINITSA, Eh,F., SINITSA, V.V., Program for
calculating sub-group parameters (SOM), See this collection (page 45).
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PROGRAM FOR CALCULATING SUB~GROUP PARAMETERS (som)

M,M, Savos'kin, Eh,F, Sinitsa and
V.V, Sinitsa

The SOM (Combined Momentum Processing) program is intended for calculation
of sub-group parameters on the basis of the cross—-section momenta<0x °n3>,
The brackets denote energies averaged over an interval, and x is the rumber

of the reaction:
xg 3
-5 ng 3.

The sub—-group parameters [1, 2] are determined as a set of probabilities
a (called sub-group fractions) of having within the averaging interval a total
cross-sectionoi and the corresponding reaction cross—sections Opie The
sub-group parameters are selected in such a way as to preserve the set of

cross—section momenta with an accuracy not inferior to the specified accuracy,

Calculation of the sub—group parameters relies on an analytical solution

of a system of equations (see Ref. [3D):
k6" = L 2,606 SR

The guantitieg nl,n2 are determined by the rumber of sub~groups and are
fixed on the program, The sub-group parameters are determined successively
for 1, 2, 3 and 4 sub-groups, Transition to a larger rumber of sub-groups
is made when the momenta bounding the system are determined by the sub-group
parameters obtained from the system with an accuracy inferior to the specified
accuracy., The SOM programme is written in ALGOL-60 (TA~2) and the volume is

~ 15008. The time taken to determine the sub—-group parameters from the

derived momenta is ;& 2 mimtes.

REFERENCES

(1] NIKOLAEV, M,N., IGNATOV, A.A., ISAEV, N.V., KHOKHLOV, V,F., Sub-group
method of allowing for the resonance structure of cross~sections in
neutron calculations (Part I), Atom, Ehnerg. 29 (1970) 1.

[2] Idem (Part IT), Atom. Ehnerg. 30 (1971) 5.

(3] BELIMAN, R., Introduction %o the theory of matrices, Nauka Press,
Moscow (1969).
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PROGRAM FOR CALCULATING AVERAGE GROUP ANGULAR MOMENTA FOR
SCATTERING CROSS—-SECTIONS AND TRANSMISSION FUNCTIONS
(UMBLOK)

M.N., Nikolaev and N,0, Bazazyants

The UMBLOK program is intended for averaging the angular momenta
of scattering cross—sections (Bm) and for calculating transmission
functions (sum Tk).

It enables us to average for any energy breakdown with a rmumber of
groups not exceeding 0. The program provides the possibility of averaging
eight angular momenta with not more than 450 points specified in each array -

for both energy (E) and angular momenta (Bm).

If necessary, in the UMBLOK program the angular momenta can be
averaged over a spectrum (%m) taking into account the resonance structure

of the cross-section [l]:

Yon (E) =90 3, O Tty (1)

(Z is the total cross—section of the medium, )

The coefficients am are calculated from the recurrent equation

Lo =1

(E e () 1Y),

while the averaging equations take the form

(2)

(B Pmy = 2, Bmen (gt > (3)

where the sign < > denotes averaging over the "standard" spectrum‘ﬁ(E'),

calculated in accordance with Ref. [2] in the following way:
Below 2,5 MeV qo(gq::ﬂfyeL (4)

where Ri is a real number |Ri|439 (i is the number of the group considered);
Above 2.5 MeV

2'—5‘ - é;/Q 13 e
L?')(i ) /;ah‘ ' * 5 . . '.')’,{2, M{S—:/" 5 (5)

(Watt's spectrum)
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Here a = 0,965 (0.76 + 0.1v);
b = 2.29 / (0,76 + 0.1 v)2; and
v is the mean number of secondary neutrons emitted in fission,

If the resonance structure of the cross-sections is not clearly
pronounced, the spectrum ¢(E!') — HE') and the angular momenta are averaged

only on the basis of the standard spectrum.

The program calculates transmission functions with the form

/, - (E)tile] qE
) . N nEL g y(E) 5
Jum T [¢] = Lo Y(E)dE (6)
3 _S(E} i [e]
Jrom THIE] - e Bnle) e Serae @)

Se: B (E)-PE)-AE

(/‘n :0)/,..., 7)

where ti [3] is the thickness of the specimen (tol [ﬂj) referred to the
mean group total cross—section (Cig [i]), i being the number of the group
considered:

(8)

o tollf] .
0= G (b2 w0
tol [£] is selected in such a way as to provide a sufficiently detailed

description of the transmission curve for a wide range of thicknesses,

The program is written in ALGOL-60 (TA-2) amd occupies 20788 cells.,
The counting time for one variant, including the input of basic data and
print-out of the results, is about eight minutes and is governed mainly

by the input and output of information.

REFERENCES

[1] ABAGYAN, L.P., MIKHAJIUS, F.F., NIKOLAEV, M.N., ORLOV, V,V., Propagation
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Dannym, Supplement, Atomizdat (1968),

[2] ABAGYAN, L.P., BAZAZYANTS, N.0., BONDARENKO, I.I., NIKOLAEV, M.N., Group

constants for muclear reactor calculations, Atomizdat, Moscow (1964).
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PROGRAM FOR CALCULATING MULTIGROUP MATRICES OF
ANGULAR MOMENTA FOR ELASTIC AND INELASTIC
NEUTRON SCATTERING CROSS-SECTIONS WITH
ALIOWANCE FOR SELF-SHIELDING (MANNERS)

o/
N.O. Bazazyants and M.V. Starostenk

The MANNERS program calculates matrices for elastic and inelastic
slowing down of neutrons in arbitrary scattering anisotropy, with accurate
allowance for the energy loss on recoil of the product micleus, for any
breakdown of the energy interval into groups. The program can calculate
any number of momenta, being limited only by the capacity of the computer;
at present it handles six momenta. The program takes account of the

resonance structure of the cross—sections.

The £-th momentum associated with the probability of inelastic
scattering of a neutron from the group i into group jk, as calculated in
the MANNERS program in the multigroup approximation, takes the following
form [1]:

-

ek (g
/ Z

\/Ym (ny = -—-———Ll'lj—‘- . =
On
= B LB , dei (B, E7)
‘ £ g ) 0y Y/
= (/ 1 +-f) \—}S g() V/E‘ 'é é;ﬂ' (LC’ 507. Wy (Et)algl %(é’ﬂ; N F’}/C(/“L)'h’zf{ﬂ;) 'LZf,fl/. (1)
~rr 2 T
k=4 Rge L6 (6) R (Ey e
&
where éi; - 4 Oin (E) £ (E)QE is the mean group

SR (E) e

cross—section for inelastic scattering;

Aid JE AL SEY L4 e
Hu = los O = F—BM—G e tg 7 73/1 Ve (2)

E' is the neutron energy before scattering;

E is the neutron energy after scattering;
EE is the energy of the k~th excited level of the target mucleus;

oin(E',Ef) is the inelastic scattering cross—section for a neutron
with energy E* at the level Ef (elastic scattering is treated as

inelastic at the level with zero excitation energy);

f/ Obninsk branch of the Moscow Engineering Physics Institute (MIFI).
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[( 6:/1, ([)’/‘L) /35 [/42) R (2{/“""&
=
Jf Oin (€500 ) d gy

(,OEA: (2e+1) ’ (3)

Pﬂ(uL) and Pm(pL) are Legendre polynomials;
L is the index of the laboratory frame of reference;

~ o~
Ei and Ei—l are the boundaries of the energy region in group i from

which scattering to group jk is possible;

~

Ejk and.i%k?l are the boundaries of the energy region in group jk

which may be entered by neutrons scattered from group i;

Fm(E) is the spectrum of the m—th harmonic of the neutron flux in the
medium, It is assumed that within the energy groups considered, this

spectrum does not depend on spatial co—~ordinates.

l.. Lo’-) lv[: ;"', "‘ ({:.,,,’,v """""'.‘":"I""-'——"' 7 )
ORI T ST e 4

where ®n(E,r) is a smoothly varying function of the energy and co—ordinates.
It is assumed in the MANNERS program that this function does not depend

either on the co-ordinates or on m:

(’11]})1 {Ek ’; - Lf"“(;‘; (5)

The coefficients atm_.n are not calculated in the MANNERS program, but if it
is necessary to allow for the resonance structure, they are taken into

account in the UMBLOK 4 program,

In the MANNERS program the spectrum &(E) can take either the form

Qo) = (6)
where Ri is a real number fRi !S 9y
or
| T -8 o (7)
GD(E):iVEZ% AN S7 Vb E

(Wattrs spectrum)

1

Q865 (0,76 +Qiriz) (8)

29/(07 +0.1 ner)”,

a
b

where m1 is the average number of secondary neutrons emitted in fission,

I
R
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The program is written in ALGOL~60 (TA~2M) and the translated program
takes up 27348 cells, not counting the arrays of input data. The counting
time for one variant (six momenta of the slowing—down matrix in a twenty-six
group breakdown [2]) is about 40 mimutes, with an additional breakdown of
the interval between two given points into 400 parts and with a total rumber
of specified energy points ~ 80.

With the MANNERS program any number of variants can be run consecutively,

REFERENCES
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Moscow (1972) 3.
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(3] NIKOLAEV, M.N., BAZAZYANTS, N.0., Program for calculating average
group angular momenta for scattering cross-—sections and transmission
functions (UMBLOK), See this collection.




- 51 —

KRITS PROGRAM FOR CORRECTING GROUP
CONSTANTS FROM INTEGRAL
EXPERIMENTAL DATA

M.N, Nikolaev, N.O. Bazazyants and L.V, Gorbacheva

The KRITS program enables us to calculate corrections to the group
cross—sections of basic reactor materials. In a certain sense these
corrections permit the best possible matching of a rumber of neutron physics
characteristics calculated for critical assemblies with the experimentally
determined results, without going beyond the bounds of the evaluated errors

in the group constants.,

The KRITS program makes it possible to introduce correlations between
admissible variations of various cross—sections in different groups. These
correlations are taken into account by parametrization of the behaviour of

the corrected cross—sections.

Let Eg(E;;°) be a parametric approximation of the behaviour of the
cross—section for the s-th reaction, as evaluated from available nuclear

data. The group constants are sought in the form
O = G+ rgZ. . (1)

where the group constants for all reactions considered in all the groups are

components of the vector o°:
ngis the unkmown vector of the corrected constants;

T is the matrix of group constant derivatives for the parameters;

ba is the vector of the corrections to the parameters (which has to be

determined during the correction process),

The EL values are determined directly from evaluated data, Thus, a
parametric description of the cross—section energy dependences is used only
to calculate the matrix ;; the parametric approximation does not have o
give us the detailed energy dependence of the cross—sections — it need only

describe the main features of that dependence,

The corrections Eé are determined by minimizing the quadratic functional

58 (1 Eal s Zf?d"a)ﬁz.z( e ‘“‘92”"‘”" (2)
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Here k? is the ratio between the theoretical and experimental values of

the j-th integral parameter (flux and/or importance functional);
A7kj is the dispersion of this ratio;

Zagg is the coefficient of sensitivity of the j-th functional to
variation of the s~th cross—section in the g~th group [1],

The first term enables us to take the dependence of the group constants
on the composition of a critical assembly into account (this dependence is
governed by the effects of resonance and/or heterogeneous shielding of the

cross—-sections),

The second, regularizing term contains unshielded cross-sections. The
use of group cross—sections (rather than the parameters‘a) for regularization
is associated with the difficulty of determining a correlation matrix for
the errors in these parameters. Failure to allow for the correlations of
group constant errors in the regularizing term does not distort the results
of the calculation. These correlations are automatically taken into account
in determining the corrections to the cross—sections through the parameter

corrections (see (l))a

The vector da is determined by solving a system of linear equations
obtained by equating the derivatives as/Béar to zero, The inverse matrix
of the system is an error matrix for the corrected parameters, The
corrected values of the group constants are calculated from Eq. (1). A
matrix of group constant errors is not calculated in the program since
it can be found very easily zhen needed from the more compact parameter

error matrix and the matrix T,

The KRITS program is tied in with the catalogue of sensitivity
coefficients SEMAFOR-~1 [2], and is also co—-ordinated with the SIGMA-1 and
SIGMA-2 programs, which determine the polynomial parametrization of the
cross—section energy gependence in the non-resonance region and the calcu—

lation of the matrix T for the parameters found.

The elements of the matrix T corresponding to the resonance region have
to be inserted in the program as input data. The information in Ref. [3]

can be used for uranium-238,

The program is written in ALGOL~60 (TA-2). The maximum number of
parameters is &, = 15, The maximum rumber of energy groups in which the

coefficients Zagg are important is 15. The mumber of functionals kj is

unlimited. The counting time for a typical variant is 10 minutes.
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CALCULATION OF SPHERICAL TRANSMISSION BY THE MONTE CARLO METHOD

M.,Yu., Orlov and A.M, Tsibulya

The programs in the APULROKS and SKORIUPA series are intended for
calculation of spherical transmissions by the Monte Carlo method in
inverse (APULROKS series) and direct (SKORLUPA series) geometries. It

is possible to calculate the following effects simultaneously or
separatelys:

1. The resonance structure of the cross—sections of the sphere
material, in a sub-group approximation;

2. Neutron slowing down (elastic or inelastic) by a multigroup
approach, with allowance for fission and the (n,2n) reaction in
a 26-group transport approximation;

3.

Neutron scattering anisotropy (the scattering indicatrix is

given as a Legendre polynomial expansion to the fifth order);

4e The finite dimensions of the detector and flux depression due
to neutron absorption in the detector;

5. The finite nature of the detector/source distance.

Poggibilities
of individual programs are shown in the table.
! ! . !
Program % Iy 2 % 5k i 5 ATVT'! T
mor——T = T i 0
SKORWPAT (2) > || € | 1
_SKORIAPA III = | | [ 6 | 3
.\x-/’/ S | l | (,3; | T,
_SKORIOPA TV (3).. Lo <] _ _ 6| x
APULROKS I (2) | >=<C| = 2“5 |80
_APULROKS TI (2). |l By, x50 | 10
APULROKS III 1 = < 0 | ©
_APULROKS IV (3). l><|?§ | ’>\/ : f | 2
APULROKS VII i o ‘ = SO

The first column shows the number of sub-groups in parentheses,
AT/T is the relative error in transmission; 0 = 1'VN'1:T, where N is

the number of histories; +t is the counting time for 10 000 histories,

given a sphere thickness of one free path length.

The multigroup programs calculate the probabilities (Pi) of recording

neutrons belonging to the i-th source spectrum group at a given detector
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efficiency (ei) and the probability is (ki) of recording neutrons belonging

to the i-th detector group with a given source spectrum (Si).
T =3 Fod/sse = 7u5./58
4 & i [

The single-group progranms, except for SKORLUPA I, calculate the
probabilities Plem (Pgem) of recording neutrons that belonged to the first
(second) subgroups before reaching the sphere, underwent "e" collisions and
were present "m" times in the second (first) subgroup. The absorption cross—
section in this case is considered to be zero, These probabilities make it
possible to write an analytical expression for transmission in the case of a
sphere with absorption (T). The relative error in the absorption effect
(5 = TO~T), where T ' is the sphere transmission without absorption, is equal

to the relative error in T.

The single-group program SKORLUPA I calculates the transmission of
neutrons from one group, with allowance for absorption in the sphere material

and possible removal of neutrons beyond the group through slowing down,

All the programs are written in ALGOL-60 and the operating time is shown
in the table,
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A SYSTEM OF PROGRAMS (SOPOT) FOR PLANNING EXPERIMENTS AND
DETERMINING THE ACCURACY WITH WHICH NUCLEAR PHYSICS
CONSTANTS MUST BE EVALUATED TO ENSURE THE REQUISITE

ACCURACY IN REACTOR CALCULATIONS

Yu.G. Bobkov

The following problems can be solved with this system:

L, Planning of an optimum combination of micro-experiments and
evaluations to ensure specified accuracy in a reactor parameter

calculation;

2. Planning of integral measurements, including assessment of the
information yield of an experiment or set of experiments with
respect to some particular reactor parameter, determination of
the required experimental accuracy, and establishment of an

optimum set of experiments for a particular reactor parameter;

Je Prediction of reactor parameters and their dispersions on the
basis of a complete programme of micro- and macro-experiments,
and fitting of group parameters to obtain the best possible

description of the set of experiments;

de Combined planning of differential and integral experiments,

All these procedures are written in ALGOL for the TA-1M translator.

The number of independent parameters involved in solving all the

enumerated problems is 190 When data transfer is small, the number of

10°
parameters can be increased to 20008.
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