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YIK 534.173,3
BHXOIH ¥ CEYEHWA ¢OTOLAENERUA W30TOUOBTh, U Np, Pu i Am B OBJACTW JHEPTUR 4,5 - 7,0 MaB

0BbOcranegro ,PHCunpesrnu, ALLCOZTAZATO B,
BEXyurxo, DM RrRDEEWEK

TIELD AND CROSS-SECTIONS OF PHOTOFISSION FOR ISOTOPS Th, U,
Np, Pu, Am IN ENERGY RANGE F:(M 4,5 MeV TO 7,0 MeV. The num-—
bercal data f°§ yielgg and cross-sections of photofission
Sgx 9 nuclei (232Tn, <33y, 23511’2361],2381],2371\11,,2399“ 241po,
=*1am) obtained by bremsstrahiung radiation experiments on

a4 microtron are listed in energy range from 4,4 MeV to 7,0MeV.
The results as a relationg gf photofission yields for studied
auclei to ones yield for 23 U are comparasing with data of
other authors.

Bnarozaps BuCOKOK NpOHUKakNMEW CNOCOGHOCTY ) ~KBGHTOB ¥ HEHTDO~
HoB foTOfilepHHE peaKnHil, CONPOBOXZAWMMECH MUCCHEel HEelTPOHOB, DACCMATDMUBANTCA B KAUeCTBe OZHOTO
13 opferTUBHHX METOZOB HEPa3pymaUeroCs aHAJu3a ACAAWUXCH MaTepnansoB, Taxuuu DeakumiMu SBAADTCA
foroZenenne, compoBOXLAMMieecd UCOYCKAHUWEM MTHOBEHHHX ¥ 38Ha3JHBAaLIMX HEATPOHOB, M DeaKnuf (y yn ).
YyBCTBUTEABHOCTE METOAa ONpejienderTcs TeM, HACKOABKO BEIMKH WHIAWBUAYaZibBHHE DA3AUUMA DETUCTPHPYEMHX
CBOMACTB AZIEP-BHXOZOB HEATDOHOB.
3aA3ui, CBA3AHHNE C TEXHOJOTHYECKUM HOHTDPOACY SIEMEHTHOTO W MU30TOMHOrO COCTaBa OCAyYaeMHX M3~
Jexnuit 6e3 HapymeHMs OOOJOYEM, TPeOy®©T 3HAHMA 3TuX CBOICTB Zaf GOABNOrO UYMCAa szep. B Hacroamefi
pagoTe COOOMADTCH AaHHKE O BHXOZAX U CeueHuu foToZelnenus, NONYUEHHHE HA CNEXTpe TOPMOSHOTO f'-M3-
AyYeHUA, LA LEBATM OCHOBHHX ®30TONOB Th, U, Np, Pu. M Am B oGmacTu 3uepruit or 4,4-5,0 mo 7,0 MaB.
M3MepeHus NPOM3BEOJMARCH HA CUNBHOTOUHOM MMEDOTDOHe MHCTHTYTa dusmueckux mpoSaem AH CCCP ¢ I7
op6utami. JuA PeracTpEi@M OCKOAKOB AGNCHMA HCNONB30BANMCE CIOAAHHE TPEHOBHE AESTEKTODH. lelfAmuecH
upmeHy toxmmuod 0,5 - I,3 xr/cM” GHIM M3TOTOBIEHH M3 IPAKTUYECKNM UMCTHX MAaTEDHAJIOB, MCKINYaf
H 241Pu, B KOTODHX NDHMECE NOCTODOHHBX LENAWMXCA ANED COCTaBuam 2 - 4%, HO GHAM XOpomo Ma—
E€CTHH., KojuueCTBa JeJsUETroCA BelleCTBa OHp%%eﬂﬂﬂHCb "p3RSWUBLHUAM" B MOTOKe i4,5 MaB MoHOsHepre-~
THUeCK¥X HEUTDOHOB OTHOCHTENBHO MHEUNEHA W3 %o , KOJEYECTBC ALED B KOTOPO# OHIO W3BECTHO C TOY~
nHoctse 5%. CxoMz OIONTa NpEBelieHa Ha pEC.I. Bonee moapoCHO MeTozuka M3MeDEHHH H3JI0XeHa B padoTe

[i].

Pac.I. Cxeua onwra OUPsieicHUA HOLH-
9eCT3a ZeAAmeroOCHE EemeCTBA:

I - znadparuMa TODMOZHOR MUEEHH;

2 - TODMO3LAH MAMEHE;> - NOTJIOTETEND
3IBKTPOHOE M3 aNGMBEYH; 4 - Raccera
C ABYCTOPOHHMM CROSM ASNALEI0CH Bede-
cTBa; 5 - Axadparus ASTEETODA OCREA~
HOB; 6 - ZETEKTOD GCKOIKOB; 7 — Ha-
nepCTROBAafA HMOEX3anuoHHaf Haxepa; & —

aMnepKeTp




B Tadnuue OpEBEICcHW De3yAbTaTH H3MepeHE¥ BHXOAOB doToneseHuil Y B 3a2BECKMOCTHE OT I'paHHqHOM
BHepTHK TODMOSHOTO CHEKTDa E ... WA BCeX MCCJENOBABUMXCA fAlep B WACJaX lLejieHM¥ Ha I MT Jeadme-
ToCA BewecTBa, Ha I MxA/C OpX PacCTOAHMM OT BOAb(pamoBolt MumeHE 4,7 oM, BeJHyMHH BHXOJOB B Tal-
Jule OpEBENEHH CO CTATHCTHUECKO# OmUOKo#, OTpaxavuiell DOTPEINHOCTE OTHOCHATENEBHOTO XOJAa Y’(Ernam).
B 9Ty OmMOKY BXOIAT CTATHCTHUECKasd OWMOKa M3MepeHuit qucjia TpexomB, OWMOKM IPOCMOTpa LETEKTOpOR,
MOHMTCDUDOB&HIA TOKa DJEKTDOHOB HA TOPMO3HO¥ MMWeEHM, y4yeTa yIVIOBHX pacOpeleseHdAil OCKOJKOB ¢oTo-
OeJeHAd,

B Taoamue {(xosacHxka "OuwCra skclHepmMeHT2") IpHBeeHA CHACTeMATHYEeCKad daCTh OwMCKM, CBA3aHHaA
¢ cmpelesienueM aCCOJOTHCTO 3HaveHud Buxola Y {E,,.). OHa COCTCHT M3 OWKOOK ONpEleNeHEd dMciIa
Alep B IENAIEXCA MMUEHAX, aC0COJNTHOTO 3HaYeHUs TOKa BJEKTDOHOB, BEJUYMHH 3PGeKTHMBHOI'O TejeCHO-
T0 yriia PeTHCTPaly OCKOJIKOF, 3aBECHMOCTH [OTOKA y -KBAHTOB, nponasonﬂggé JeJIeHEsA, OT PacCTOAHMA

IO HCTCYHHKA. [JOCAEZRUNY 33BUCHAMOCTH M3MeDAJH CpaBREHHEM 4ECaa AeJeHul

IOOUepeHC HOMelaiM B PABHHX Aueflkax oKCOePUMEHTanbHOTO ycTpo#crma [I].
[IpMBOZMMLE ZaHHWE O BNXOZAX MCIPABIEEH HA (JOH CNOHTEHENX ZedcHHM! MCCEENOBABNUXCA M30TONOB B .

npuueceft, Handodee CymeCTBEHHHH AAA

U , MHELEHL M3 KOTOPOTO

" 2 IAm, a Tarkxc Ha (oH BHHYXZCHHHX AeNeHUE mox zeitce-

BueM JOTOHEHTDOHOB, DOERZANMAXCA B CTEHAX SKCNEDUMEHTANBHOT'O 33J1a B KOHCTDYKIMOHHHX ZeTaifdX, Co-
gegxangsnenrepnﬁ n Gepunnuit. NocnelHuil OTU'DAHMUMI CHMU3Y IO IHEDPI'UM BOBMOXHOCTH HCCIOXOBAHUA

)]

BuxoHn pearng# {OTCHENEHAA
OT TOEMO3HON MymeHN ¥ CeYeHde GOTONEJEeHHA Gyf , MG (ommoxa
TOJIBKO CTaTHYECKUE )

1, MI'.

£J1

, Ha paccTosHAn 4,7 oM

Ouno » MaB o
WsoTom aggnggn— Tmaxs 10
MEHTA, 44 4,6 4,7 4,8

232m. ¥ I2 - -

63? 30 - 2,59 + 0,65(-7)

- 6,54 + 3,37(~7)

23y, y 10 - - "

B % - 1,27 + 0,19(-5)

- 1,15 + 0,55(-5)

235y,  y 19 - - ’ A

O - -

30 - -

236y, :é 10 1,08 + 0,1I(-5) |3,8I + 0,I9(-5) - 2,84 + 0,I0(-4)

15 30 4,22 + 1,25(-5) |I,24 + 0,22(~k) - 1,17 + 0,I4(-3)
2385, ¢ 10 1,82 + 0,I0(-6) [2,44 + 0,06(=5)(9,27 + 0,35(~5) | 3,20 + 0,06(—4)

o 30 5,12 +1,62(-6) 17,75 + 0,71(~5){9,00 + 0,43(~4) | 2,88 + 0,13(-3)
237p: Y 10 4,55 + 0,20(-6) | 2,64 + 0,09(-5) - 3,66 + 0,2I(~4)

Gyg 30 2,25 + 0,33(-5) |1,19 + 0,09(-4) - 1,54 + 0,27(-3)
239py; 1 10 1,01 + 0,25(-5) 7,15 + I,43(-5) - 4,70 + 0,2I(~4)

g 30 2,80 £ 0,71(-5) | 3,49 3 I,20(-4) - 1,45 + 0,32(-3)
24 py, 1 10 3,5 + 1,00(-5) | 2,00 + 0,20(~4) - 8,10 + 0,32(~4)

rs |20 19,14 £ 2,90(-5) | 9,52 + 1,79(~4) - 1,% & 0,42(<3)
241 s 1 12 1,20 4 0,30(-5) | 1,39 3+ 0,10(-4) - 9,80 + 0,39(~4)

s 803,50 & T,12(-5) | 7,90 £ 0,73(-4) 3,88 + 0,42(-3)




Tponomxen®e TaGmOH

\ Hsoron ~ E i
4,9 5,0 5,1 5,2
2%2m. v I,12 & 0,56(~-6) 5,20 + 0,40(-6) 3,07 + 0,22(-5) | 6,55 + 0,38(-5)
Ops 1,02 £ 0,20(-6) | 5,57 £ 0,83(-5) | 3,31 4 0,23(-4) | 5,10 ¢ 0,40(-4)
23%y:  x 6,65 ¢ 0,20(-5) | 4,00 + 0,60(-4) 2,09 + 0,13(-2) | I,26 & 0,09(=2)
By 7,00 + 1,90(-4) | 4,80 £ I,25(~3) 2,12 & 0,24(~2) | I,41 + 0,15(~1)
2355, ¢ - 8,50 + I,70(-5) 2,24 ¢ 0,34(-4) | 8,40 + 0,67(=4)
6y - 1,62 + 0,43(-4) 1,56 & 0,63(-3) | 7,86 + I,19(-8)
236y, ¢ 6,32 + 0,63(-4) [ I,25 +0,09 (-3) 8,05 + 0,16(~3) | 2,70 + 0,19(~2)
Gps 3,51 £ 0,82(-8) | 5,56 & I,78(-3) 9,27 + 0,41(=2) | 2,30 + 0,30(-I)
238y, 4 7,27 + 0,51(~4) | 1,65 + 0,07(-3) 4,62 + 0,15(-3) | 9,90 4 0,50(~3)
6y 4,00 + 0,9I(~3) | 9,50 & 2,06(-3) 3,44 £ 0,8(-2) | 5,25 & 0,93(-2)
237y 9,95 + 1,40(—4) | 3,I1 + 0,I2(-3) 8,20 + 0,24(-3) | 2,4% + 0,12(-2)
6 7,06 & 2,46(-3) | 2,54 & 0,40(-2) 5,55 £ 0,46(-2) | 1,95 + 0,19(-I)
23900,y 8,80 + I1,06(-4) | 2,42 & 0,I12(-3) | 6,95 & 0,2I(-3) | 1,90 & 0,I4(-2)
Opg 4,60 + 1,76(-3) | 1,76 + 0,34(-2) 5,11 + 0,45(-2) | 1,87 & 0,16(-I)
215, 2,03 + 0,20(~3) | 5,20 # 0,52(~5) 1,3 & 0,04(-2) | 3,63 + 0,26(~2)
A I,38 + 0,29(-2) | 3,64 + 0,86(-2) 9,42 + 0,80(-2) | 2,58 + 0,46(~I)
w1,y 2,18 + 0,3I(~3) | 5,67 + 0,I7(-3) 1,31 + 0,04(~2) | 2,68 + 0,I9(-2)
6y I,24 4 0,42(~2) | 4,02 & 0,64(-2) 7,75 ¢ 0,9I(-2) | I,36 & 0,2I(-I)
5,3 5,4 5,5 5,6
232, ¢ 1,67 + 0,07(-4) | 1,61 + 0,05(-3) 1,02 + 0,08(-2) | 3,45 + 0,10(-2)
O 1,06 + 0,13(-3) | 2,02 + 0,10(-2) I,I3 + 0,09(-1) |2,72 + 0,22(-I)
233y, - 7,55 & 0,I5(-2) | 2,38 & 0,04(~1) 5,50 + 0,I0(-I) 1,10 + 0,02(+0)
555: 8,10 + 0,37(-1) | 1,91 + 0,07( 0) 2,97 + 0,I2(+0) 4,51 & 0,26(+0)
235, . 3,92 + 0,17(-8) | I,3% + 0,04(-2) | 4,60 + 0,I0(-2) | I,I9 4 0,02(-I)
6 3,88 3 0,28(~2) | 1,16 + 0,08(~I) 3,90 £ 0,20(-1) | 7,42 £ 0,35(-1)
236y, r 6,30 + 0,13(-2) | 1,09 # 0,02(=I) | 2,04 & 0,04(-I) | 3,53 + 0,07(~I)
) Ops 3,3 + 0,35(~I) | 3,49 & 0,43(-I) 8,20 + I,00(-1) 1,13 + 0,19(+0)
238y, r 2,45 & 0,07(-2) | 5,73 3 0,13¢~2) 1,20 + 0,02(-1I) | 2,71 + 0,05(-I)
o 1,58 & 0,II(-I) | 3,58 £ 0,24(-I) | 5,%  0,40(-I) | I,53 1 0,09(+0)
2%Np: ¥ 7,07 £ 0,I4(-2) | I,64 £ 0,03(-I) 3,9 4 0,08(-I) | 8,9 + 0,I6(-I)
6 5,18 + 0,89(-I) | 9,90 & 0,5I(-I) | 2,42 + 0,I3(+0) | 4,86 + 0,2I(+0)
259p, v 5,39 + 0,10(-2) | 1,3 # 0,03(-1) | 3,46 + 0,08(-1) | 8,02 + 0,I5(-I)
Oy 8,80  0,30(-I) | 9,08 + 0,53(-I) | 2,22 £ 0,09(+0) | 4,35 & 0,25(+0)
Mg Y 9,9 ¢ 0,19(-2) | 1,89 & 0,04(-1) 3,38 + 0,08(-I) 5,15 + 0,09(-I)
. 6,66 + 0,65(-1) | 8,65 £ 0,52(-I) | I,04 £ 0,07(+0) | 1,08 & 0,09(+0)
1, 4 5,62 + 0,13(-2) | I,II 4 0,02(-I) | 2,27 # 0,05(-I) | 4,3 + 0,09(-I)
) 6 2,82 # 0,43(-I) | 5,45 & 0,45(-I) I,I4 &+ 0,09(+0) | I,79 & 0,I5(+0)



llponomxesue Tadmumu

: E nogs M3B

Hsoron 5,7 5,8 5.9 8.0
2%,  y 6,95 + 0,35(-2) | 1,08 & 0,04(-I) | 2,18 £ 0,06(-1) | 4,64  0,I2(-1)
63? 2,66 + 0,48(-1) 2,44 + 0,9I(-I) 9,70 + 0,8I(~I) 2,59 + 2,34(+0)
233y, - 1,89 & 0,09(+0) 3,06 + 0,06(+0) 4,68 + 0,08(+0) 6,45 + 0,1I(+0)
6 6,09 + 0,6I(+0) | 8,I4 & 0,86(+0) 7,78 + 0,40(+0) 6,75 + 0,31(+0)
235 2,44 + 0,12(-I) | 4,70+ 0,09(-I) 9,12 + 0,17(-1) 1,57 + 0,03(+0)
U: gﬁ 1,08 & 0,I4(+0) | 2,20 £ 0,I7(+0) 3,80 + 0,22(+0) 4,56 + 0,24(+0)
236y, Y 6,32 ¢ 0,32(-1) | I,2I x 0,02(+0) 2,28 + 0,03(+0) 3,76 + 0,08(+0)
Oy 2,38 + O,§5(+O) 5,86 + 0,90(+0) 9,08 ¢ O,6§(+O) 1,00 + 0,I3(+I)
238y, Y 6,3 + 0,25(-I) | I,I9 + 0,02(+0) | 1,84 £ 0,03(+0) | 2,62 1 0,04(+0)
Ops 5,84 & 0,38(+0) | 4,46 & 0,46(+0) | 3,50 £ 0,24(+0) | 4,03 £ 0,3I(+0)
237, v 1,71 + 0,09(+0) | 2,99 + 0,05(+0) | 4,82 + 0,08(+0) | 6,97 & 0,12(+0)
Ops 7,19 # 0,98(+0) | 1,05 4 0,I0(+I) | 1,02 x 0,08(+I) | 9,02 £ 0,86(+0)
2399, Y 1,45 £ 0,07(+0) | 2,44 £ 0,05(+0) 3,59 + 0,07(+0) 4,91 + 0,10(+0)
By 5,I5 £ 0,65(+0) | 6,87 & 0,70(+0) 4,67 + 0,36(+0) 3,91 + 0,44(+0)
2415, - 7,70 + 0,39(-I) | I,I18 & 0,02(+0) 1,83 + 0,04(+0) 2,72 + 0,06(+0)
Gy I,64 + 0,22(+0) 2,86 + 0,39(+0) 4,16 + 0,32(+0) 5,22 + 0,36(+0)
24 pms Y 7,44 + 0,37(-I) | 1,26 & 0,03(+0) | 2,04 £ 0,04(+0) | 3,22 & 0,06(+0)
6ps 2,43 + 0,32(+0) | 4,32 & 0,5I(+0) 5,52 + 0,36(+0) 7,42 + 0,67(+0)

6,1 6,2 6,3 6,4
2%2m, ¥ I,04 3 0,03(+0) | I,84 £ 0,09(+0) | 2,98 & 0,08(+0) | 4,79 x 0,12(+0)
B 5,60 + 0,49(+0) | 5,50 & 0,67(+0) 7,65 £ 1,50(+0) | I,I8 & 0,I4(+I)
233y, - 8,32 + 0,I4(+0) | I,I0 & 0,04(+I) 1,38 + 0,03(+I) | 1,69 + 0,03(+I)
By 6,55 £ 0,87(+0) | 7,30 & 0,33(+0) 7,35 & 0,64(+0) | 7,67 1 0,64(+0)
235y, Y 2,38 £ 0,05(+0) | 3,64 + 0,15(+0) 5,25 + 0,I3(+0) | 7,00 + 0,I3(+0)
A 4,90 + O,?I(+O) 7,02 + 0,61(+0) 7,31 + 0,8I(+0) 6,10 + 0,43(+0)
236y, e 5,64 + 0,20(+0) 8,37 + 0,84(+0) 1,19 + 0,04(+I) 1,53 + 0,03(+I)
S I,12 + 0,I6(+I) | 1,35 & O,41(+I) 1,32 # 0,54(+1) | 1,03 + 0,25(+I)
238y, - 3,76 + 0,07(+0) 5,38 + 0,22(+0) 7,15 + 0,13(+0) 9,18 + 0,I7(+0)
6 5,86 + 0,48(+0) | 7,16 + 0,74(+0) 6,57 + 0,93(+0) | 5,80 + 0,52(+0)
237%p: e 9,20 ¢ 0,32(+0) 1,20 &+ 0,09(+I) 1,60 + 0,04(+I) 2,08 + 0,04(+I)
@'w 8,?4 + 1,30(+0) I,0I _tO,I5(+I) 1,28 + 0,30(+I) 1,33 + 0,2I(+I)
2 Y 6,28 + 0,16(+0) | 8,08 + 0,40(+0) 9,95 + 0,20(+0) | 1I,3I & 0,03(+I)
G 3,78 + 0,45(+0) | 5,08 & 0,57(+0) 6,95 + 1,39(+0) | I,I9 + 0,II(+I)
M.y 3,85 + 0,08(+0) | 5,65 + 0,40(+0) 8,17 + 0,16(+0) | 1,08 + 0,02(+I)
Gy | 6:58£0,62(+0) | 1,18 ¢ 0,I1(+1) I,24 + 0,I8(+1) | I,II + 0,I2(+I)
2#1&“ - 4,66 + 0,I4(+0) 6,77 + 0,47(+0) 9,95 + 0,50(+0) 1,35 + 0,07(+I)
6y 8,78 £ 0,95(+0) | I,28  0,20(+1) I,64 + 0,43(+1) | 1,54 + 0,32(+I)



OKOHYaHEe TaGJHIH

E MaB
HzoTom max?
6,5 6,6 6,7 6,8
232, Y o0 1 0,18(+0 1,60 + 0,24(+0) 1,23 + 0,03(+I) 0,02(+I)
: B + 0,17(+1) ,95 + 1,49(+0) | 5,45 + I,69(+0) 1,18(+0)
233, . + 0,05(+I) 48 + 0,06(+I) | 2,92 + 0,05(+I) 0,06(+1)
6 + 0,52(+0) ,04 + 0,12(+I) | 1,21 + 0,I5(+I) 0,I4(+1)
235, . + 0,21(+0) ,I3 + 0,03(+1) | I,46 + 0,03(+I) 0,03(+1)
e 6J‘f + 0,68(+0) 7,20 + 0,72(+0) 1,00 + 0,I0(+I) I,10(+0)
236, . 4+ 0,06(+I) | 2,47 £ 0,06(+I) | 5,00 + 0,06(+I) 0,07(+1)
: s 3+ 0,24(+1) | I,72 & 0,3#(+I) | 1,66 + 0,39(+I) 0,57(+1)
238, + 0,02(+I) | I,37 & 0,04(+I) | I,63 4 0,05(+I) 0,04(+I)
: g” + 0,63(+0) | 4,62 + 0,76(+0) | 4,86 + I,29(+0) 1,25(+0)
237, . + 0,07(+I) | 3,12 + 0,08(+I) | 3,70 + 0,06(+I) 0,08(+1)
p: Ops + 0,17(+1) | 1,67 + 0,15(+I) | I,57 + 0,23(+I) 0,29(+1)
239, . + 0,04(+1) | 2,02 + 0,05(+I) | 2,38 & 0,05(+I) 0,06(+1)
: G + 0,II(+I) | 9,0 + 0,93(+0) | 8,56 + 2,31(+0) 0,27(+1)
241, . + 0,04(+I) | 1,79 % 0,05(+I) | 2,25 + 0,04(+I) 0,05(+I)
; W + 0,I1(+I) ,29 + 0,20(+I) | 1,28 & 0,2I(+I) 0,27(+1)
ant, . + 0,09(+I) ,83 £ 0,I2(+1) | 2,85 + 0,06(+I) o 07(+1)
: 6y + 0,27(+1) ,0I + 0,38(+I) | 1,64 + 0,50(+I) 0,50(+1)
6,9 6,10
232 + 0,04(+1) 2,11 + 0,05(+1)
Th : + 1,26(+0) 3,57 + 5,09(+0)
o >
+ 0,07(+I) 4,82 + 0,08(+I)
233, T * : .
: 5 + 0,32(+1) 1,28 + 0,64(+I)
235 + 0,04(+I) 2,58 + 0,05(+I)
Uz g + 1,98(+0) 1,80 + 0,80(+I)
" -
236, + 0,09(+1) 5,55 + 0,II(+I)
: L + 0,98(+1) 3,58 + I1,65(+1)
1 ° ;
238 + 0,04(+1) 2,62 + 0,05(+I)
: s + 2,70(+0) | 6,54 + 3,40(+0)
- :
237 + 0,09(+I) 6,20 + 0,1I(+I)
Np: g. + 0,41(+1) 2,50 + I,19(+1)
s -
239 + 0,09(+1) 4,16 + 0,08(+1)
Fu: g + 0,48(+1) 1,75 + 0,98(+I)
rf -
541 + 0,09(+I) 4,03 + 0,07(+1)
Pu: g + 0,54(+1) 2,28 + 1,07(+I) Hpumeushue. l.lugpa B CKOOKax 1C-
If - Ka3nB4aeT HOp&gOKogglgggleg%eBuﬁdggH-
18X BeJHYHH, . EHTa
241, - 5+ 0,09(+I) 5,15 ¢ 0,10(+1) | 7onvckaerca nit Beex PacoTRBAGI
: G 9 & 0,6I(+I) I 86 + 0,98(+I) Y’éa’f COOTBETCTBYWIMX WBOTCNOR,
rf
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B Tadnm‘g TAKEE NPUBEZEHH 3HAUCHHA CedecEu#t forTozeaenma B MEIIRGEpHAQX IOpE SHEPIEAX
E = Epge max = pre AR = 0,1 MaB npr E ., >4,8 MaB u 0,2 MsB npm E . <4,8 M3B.
anepremqecxue 3anncuuocru cedeHult (pomonenenna NOXYYEEH IO PESYABTaTaM H3MEDeEMS BHXOAOB Oy-
TeM pemeHHMA HHTET'DALBHOT'O YDaBHEHHA

Errm

Y(Epgg)=A[  N(Erug B)G (E)IE ,
0

TIe A - KOHCTaHTa, OmpefeieMad HapaMeTpaMy NEeEAmEerocs CHOS M TeoMeTpRel SRCHepMMeERTa;
N(Epqrs E) - chexTp TODMO3HOT'O M3AyYEHHH AJA BJACKETPOHOB C KEHETMUOCKO} 3Heprael pasHoft
Emaal2].

3azaua ONpezeacHAS 6 (E) U3 IPUBEAGHHOT'O BHEE YDaBHGHMA OTHOCHTCS E RJACCy "HORODPOKT-
HO" HOCTABNEHHHX 3aAav . Pemeﬂum TaKHX 3a7a¥ NOCBAMEHO AOCTATONHO MHOI'O DadoT. ABTOpDAMR JasHOM
CTATHH HCNONB30BANCA HTEDAIMOHEHHA METOJ MMHMMA3ANMM HANPABIEHEOTO DacXoxicHRA (MHP) [3—5], nos-
BOIADEME yUATHBATH EEOTPUNATENBEOCTH CEUcHHA O PF -

BHXOZH Peaxmili BCOrZAa WSMEDANTCR B KOHGUHOM KNTepBaze omepre#[E(. ., B\ ] (n - wmca® us-
MepeHRi B RETEDBaZE), U NOITOMy IPM BOCCTAHOBIGHMM CeUEHH OCHUHO HACADAARYCA GOXbmEE MCEAXeHRSA
pemeHEf 0pR E < Egu)w[sj [IpayuHa MCEAxXeHHH 3aRINIACTCH B TOM, UTO B BHXOZKAX Deaxuuld uMeerTCAd HE-
fopuanus O CEUGHME A IpH E < EY 1+ ORBAEO peuénne CHCTEMH YDaBReHEA OCHUHO BeZeTCHA B npézmonoxe—
HMB, UTO 6 Jc(E) 0 npu E<E“;naAEm #repanuonnKil mpomecc NO MeToAy MHP MOCTpOeH TAE, YTO Deme-
nue ypapHeRus Zan Y (E_ .. ) HaXoZMTCH B CONGE MEPORKOM UHTEDBale [Ei,‘:;x , EC. ] IOpik 3TOM B 0G-
1acTs aEeprail [Er(g;w W ] noayuseTch ONEHEA NOBENCHHS CEYEHMA, 8 B MHTEDBAXE [E“) E(") ]
PE3KO yMeHBNADTCA ACKaxeHEd [6].

HrepausosHu nponecc MeroZa MHP CTpORMJCH, KAk ONHCAHO B padore [4], ¢ yyueToM yHASAHHNX Bhme
ocodennocren Iing "“OUIeHKH™ CXOAUMOCTE ue'rona MHP moAB30BRMUCEH KPUTEDHEM THOA 7(2 HrepansoHERR
nponecc OCTAHABIHBAJM, KOI'ZAa U3MEHEHRe 7L Ip# ABYX NOCIEZOBATEABHHX HTEPANUAX CTAHORMAOCH MEHB~
me I%. KpuTepuli 0CTaHOBKH HTEPANHOHHOTO npogecca GHI BWpaGOTaR HA OCHOBE RCCHEZOBAHUT CXOZHMOCTH
PemeErs K TECTOBHM KDHUBHM, od.nanammnu 'BCOMHM XapPAKTEDHHME JJIA nonyqaeuux ceueHui ocooaznocmxm-
nepenas ceuenuit ~I2 nopazkos, peaouaucnaﬁ CTPYRTypa8 B NOZNOPOTOBO# B OKOIOHOPOroBOR odnacru.
SHAYEHHMA BHXOZOB NOAyYald MHTErPUPOBYHEEM TECTOBOTO CedeHus ¢ marow 0,1 M2B B 0fzacTs 3,8 - 7 OMaB.
B ypamenne Y (E may) DOACTABNANM NONyYSHHHE TAKUM 00pasoM BEXWUHHH, paadpocannﬂe [0 NyacCOHOB—
CEOMy 38EQHY. C yuenmanneﬁca no uepe yBeXUUGHHA 3EEPrEM omnGmod or 25 zo I,5%. Taxoe pacnpenexe-
Ene OmEGOE XapaKTEpHO AJNA DeainusypmefiCid B ONNTE 3aBECHMOCTH AY ' ‘ot Eore Hpnuep pemeBRA OXHOR H3
TAKEX TECTOBHX 34784 NDUBEAGH HA DHC.2.

A

865
0 L.
- 1 -

Puc.2. [lpauep pemEHEA TecTepell SAZAYR Hé BuuMC-
-a} ZeHED G vt

-10 . . ) —— - HCXOZHAH 3aBACHMOCTH &, s (E);
4,0 50 6,0 70 E,,,M3B © - NOACUMTAHEHE AAHHHE




[Ipn BHODAHHOM KDHTEDHE OCTRHOBKE KTEDALNNOHHOr0 NPOLECCE BOCCTAHABAMBAGMOS CEUYGHNE BOCIDOMSBO-~
ZET BC6 OCOGEHHOCTH, MMGDNHECH B MCXOZHOM TeCcTe, @ COTIACyeTCA C HEM B Npenexax omedor. OmeHxa
ONEGOE BOCCTAHOBAGHMS CEUGHEA NPOBOZNAACD NyTOM MEGTOKDATHOrO DeNEHEA ypaBHensa Y (E...) ¢ Bapaa-
nuelt HCYOAHHX ZAHHHX MO NYSCCOHOBCKOMY 3aKOHY. UHMCAO HTEDARMR NDH dTOM COXPAHAJOCDH NOCTOAHHHM H
PQBHHM YRCAy NTepankil, COOTBETCTBYNIEX EPHTEDHD OCTAHOBER.

Kax NOReSaZH TECTOBHE PacuYeTH, 3HAUMTEABHHE OTEJOHGHHA IPM HOHROTODHX DealH3aNEAXx caylallHoro
pasépoeca MCXOZENX ZeHENX MOTYT NOSBATECA AAMb B NOCHEAHUX ZByX-TPEX TOUEAX Ha BHCOKOSHEPre THUEC—
KOM KOHL® IAANAZOHA,FTe TOYHHX HCXONHHX BHXOZOB I,5-2% ORA3HBAETCA HENOCTATOUHOA KARK B CANy CJa—
GoRl SABACEMOCTH HHTOIDANLHHX BHXONOB OT BHEDrAd,Tak @ 43-3a Mamoll MEQOpMANME O CEVEHME B 9TAX TOY-
Rax. 370 OCCTOATEILCTEO CAGZYET EMETH B BUZy IIDHM OLGEKe TOYHOCTH ZABHHX O CedYeHMM $oTOZenmenus.

SHayeHEA OWMAGOE CeveHRA (OTOZENSHHA B TACAHINE NONYyYECHHN ONMCAHHHM Bhlle CRNOCOCOM M XaPAaKTepU3y-
pT,T8K Xe KGK B B CIy4ae BHXOJOB, TOIDEO OTHOCRTENDEYyD TOYHOCTD pacueToB., OmuOka aGCOIMDTA3ALMR

(E) , Tex xe Eak R Aaf BuxoAe Y(E,.), OpaBefieHa B Tadmmiue. [IOMHMO COCTABAADNAX 80COINT-
HOR OmMGXR BHXOZA ChAA8 BXOAMT TAKES HEONPeZeleHHOCTDH a0COINTHOH BeJMUMHH CHEETDA TODMO3HOT'C W3Jy-
ueHEA nopaara 25%.

JlaEEHe O BHXOZax pearnEu §oTOZelNeHMA HA MCCHEZOBABWEXCA M30TONAX AN yAOOCTBA CPaBHEHUA C KaH-
HHME APyTEX SBTODOB NPRBEZGHH TAKXe B BHAe QRHOMECHME K BHXONy AXS Ba DHC,3.

B ommOEy OTHOmEHR# BLX®AOB BKANYSEH BCE COCTABIADNME ONECRR ONpeZcAcHAA alCOINTHOI'O BHXOZA,
EpOME NOTpPemHOCTE (AKTODOB, KOTOpHE MCKAIDUANTCH UDE OTHOCHTENBHHX MSMEDEHEBAX (TOR JISKTPOHOB, HO-
IHUECTBO AGNAMEroCA BOMECTBR B 3TAJOHEOR Mumen),

5 55 6 65 Eppgy,Meb 5 55 6 65 EpggMB
a 6
p 28
Prc.3. Ornelenna BHXOZOB peaxnnn foro enns 2 Topuoanu TaME Sa),
OTHONOHH7 BHXOAOB (OTOZONCHMHl 2 Eggg 6), Np u 259y ( Wipd o 28 ke
nuuony nnﬂ
e - ZagHHE, NOXyUeEHHE B nacromlencpaoore, AaHHHE, NOXyYCHHHE Ha TODMOBHOM CHEKTDE B
Pa orax-
—_— [7]’ o - [8] —_— - BHE —————, =i=, mee=, —ees - NOJYy4EHH ny-—

TeM nepecuers JAHHEX pador tIO-IB COOTBETCTBEHHO



L 237, N R ﬁ |
6_ Rp \x\‘ T 4 {{ e
N N |

44* { \‘#—-\ 5‘{ |
2f ,,* *HHHH*‘}” |

p ¢ ZL | |
I | | . .

R } *§+i*
239, 1t peapt! 1
| AN
\\\ } R:\ | - L
3t H\\ { - T\ |

5 55 6 65 EmqxMiB 5 55 6 65 E

Mpoaoixenne pec.3 (B,T)

NounMo 7igHEHX, NOZYYEHHHX Ha TODMO3HOM crekrpe [7-9],Ea pmc.3,a~B BQHH OTHOHMEHHS BHXOAOB, BH=-
UMCIEHHHX NyTeM MHTEIDAPOBaHHA IO TOPMOSHOMY CHEKTDY ASHHHX O CEUYEHHM Qoroneneuia, NOJyYeBHHX Hg
MOHOXDOMATHYECKHX ' -KBRETaX (I0-I3]. B 3TéX pacYeTaxX RCROZB3OBAACH T€ XO CIEXTDE TODMOSHOTO
M3IyUEeHUN, YTO M B BHYUCHEHEMAX cedeniil forosencRHs, NPUBEAGHHNX B TalAuIe..

LanEKe, OpMBEleEHHe HA DHC. 3, MMENT SHAUMTEZBHHH Da30poc. 3TO OTpaxaeT TDYAHOCTH 9ECHEeDE~
MGHTAIBHOTO MCCHeZOBaHUA (OTOZEINCHUR TAEONMX AXED BOAMSN NOpOra, KOUZ2 CYRECTBEHEOC BIMANES WO~
IyT ORaSWBATh PasmMuisd B SHEPreTHYECKOM DPASPOMEHNM 3RSKT[OHOB, MB0TONEUSCRAd UNCTOTA BONECTB, HOl-
TPOEHWE (OHH. B NpUBEZCHAHX HCCIEXOBAHMAX ABTOPH CTATRM CTPSMUIUCE CBECTH A0 MEEEMyMA BCO YRa3aH~
HNe BHEE Memapmue QaxTOpH.

[lposezennkie M3MEPeEHMs BHXOAOB foTOnEICHHA B MEPOKOR O0XACTH 3Hepr¥ii BOARSE Japbepa NOMHMO
OPaKTRYECKOTO 3HAUEHMA NPEeACTaBIADT TAKEEC 3HAYMTEILEHH RHTEDOC ZAS ESYUOHEA “HOTHX ACHOKTOB. IpPO~
neccs ZexeHus fAfep BOMMsM nopora [I4] , wTO cocTaBisieT CaMGCTOATEINBEHA HETEpeC.
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OLEHKA CEYEHUR [OPOT'OBHX PEAKIHMH
C BHIETOM 3APAKERHNX YACTHMIL HA KSOTONAX XPOMA

l.lAGarsas BMBEHUKO B, C.M.B3axapoBa,
AbJlamesaro, Bl ZaaCcCENME

EVALUATION OF THRESHOLD REACTION CROSS SECTIONS WITH EMISSION
OF CHARGE PARTiCLES FOR CHROMIUM ISOTOPES. Evaluation of
threshold reaction cross sections with emission of charge
particles for chromium isotopes in the energy range from
threshold up to 20 MeV was made. Data of experimental works
published up to 1977 and theoretical model calculations are
taken into account in the evaluation.

Beesonue

B mamHo#t padoTe mpoBeZieHa OueHKa PyHKIUH BO3CyxAcHWS HeWTpOH-
HHX peaknmff, COUpOBORJADEMXCH BHIASTOM NPOTOHA M o -YaCTUOH, HAa CTACBILHHX R30TONAX XpOMa ¥ MX
eCTeCTBeHHOR CMeCH B OGH&CTR 3HerrMi oT nopora fo 20 MaB. Ha OCHOBaHMM NDOBEeZEHHON OLEHKM NOJIydYe-
HH TpPynoBHE CEYEHHSA (3Eepreruqecxue rpaHMIN IPPYUN COBN&ASWT C I'DaHMOAMu 26~ # 2I-TIpyNNOBHX CH-
creM EOECTART [I,2]), HCTOPHO MOTYT OHTH UCNONB3OBAHH B PACUETAX DEAKTOPOB M SamETH.

Cnezyer OTMSTHTDL, UTC HNODWMXCS B HACTOAMEe BPENS 3KCIEDUMEHTANbHHX IAHHHX N0 STHM CEUYeBRAM
(Oua# RCIONB30BAHN AAHEHS, OMyGAMKOBAHENE 70 I7 I'.) HEROCTATOUHO ZNA LOCTPOERMA ZAETANBHOTO
x0x8 ceueHnfl Bo Rcez DPRCCUATDHBAENOHl ofnactd smeprufi. Kak npaBaiO, W3MEPEHUS BHNOIHEHH IMWb IPE
JHEpPrug ~ I4-15 MaE. J02TOMy AeTaIbEHM xOF cevenu#t GHA NOJYyYEH M3 PACYETOB IO CTATUCTUYECKOH MO-
Zenr. [OCKOEBKy pacder NOSBOAAET ONPEACNMTH ZOCTATOUHO HAZEXHO IMUD OTHOCHUTEIBHHA XO7 CeueEmnf,
HO HE HX a6CONNTHHEe BSAAUMEH, TO A0COANTHAH HOPMMDOBKA DECCUMTAHHHX Cevyeruli NMPOEORMIACH HA pe-
KOMEHAOBAKHHE SERCHEDEMERTANBHHE 3HAYEHMA OpM SHepruu ~ I4-I5 MaB, KOTOpHE OHM NONYYEHHW M3 gHa-
U380 MMEDMEXCH ZHECIEDUMEHTAIbHHX ASHHHX.

I. Merox pacueta

Ilns pacueta ceuecEml NPUMEHANACh KaCKaZiHAfl MOAEAB MCOAPeHHs [3,4] . Ceuenne peaxuus X{a,6,c)Z
B PAMEAY 3TOH MOZ¢IW 3aNECHBAETCH CHCAYDHAM OJpasoM:
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6c
EmaI

@sg+h)|  dEKEG™(®) py (Ug)W(E)
6(a,6,c)= 6, 2 : )

i
8 .
wmy,

mx
228+ 0§ a6, EKE p,(Up)
6 0

rae
W,(E) ")
oB) = s s
2TAE)
6c
Epax—E
. @S+t) (o v
C(E) = 2— dE kC 6C (E ).PZ(UC) H
2%°p,(Ug) )

6 _ . 8 L

Erax=Ea* Qg i Ermax=Eq* aee 3
@, - CeueHMe OOPA30BAHUA COCTABHOTO AKDA;
Sg = CHnEE vacTMmH 6 ;
k, - BOIZHOBOE YECIO YacTROH 6 ;
(UB)" IJIOTHOCTE YpOEHEe{l 00TaToIHOr'0 ANpa Y IpM 3HepreE Bo3dyxmemus U,=E® -E.

6 “max” ~
Qa8’5a6c - oneprem peaxmuit X(a,B)Y & X(a,8,c)Z COOTBETCTEEHHO.
CyMMEDOBaHME HPOBOZUTCH IO BCEM OTKDHTHM EAaEalaM paclaza C HCIOyCEKaHMeM Ee#TpoEa, NpoToEa,

o{/=4aCTHLOH H J -kBaETa.
noTHOCTE ypoBHEH B MOZEAR QepMH-TIa3n

[] - Sonst - exo{ 2vau*}
% !
(U*+t)

Ut-U-§; t=9gi§(4+;/4+au*);

L

37ech a, & - OapeaMeTpH,

PeaynbTaTH aHANE3a CeueHMH peaxuw® (n, p) Ha H3oTomax Cr, Ni, Pe [5] norasamm, ¥ro IpR
EnS§ 14-15 M3B MCMapHTeNBHAR MOZENb HO ONMCHBAGT BKCHEPEMEHTAIbEHX A8HHHX, Peaxmms (n, p) B aroit
o0IaCTE 3HEPTM} BAET B SHAUMTENBHOY CTENeHM Yepe3 EEPABHOBECEHY MEXaHRSM. YueT BEIafa HOPABHOBEC-
HHX NpOLECCOB NPOBOAMJCA B DPaMKaX ECHTOHHOHR moZemm I'pupduua (6].

Jloas 4acTHI, KCOYCKAEMHX B IpOLECCe AOCTHEOHMA COCTABEHM fAPOM PABHOBECHOT'O COCTOABMA, DPACCUM~-
THBRETCH U3 COOTHOMEHHS

. ,
. (2s+{)me,, gm 1 inv {Z g\ .
€)= —— \ . dE'E'é"™r) (—) (n+)%(n-1),
T 4ahPAaE, ) ne3 \Bo
(an=2)

rae ol = | Hl*g¥A ;
2 - NAOTHOCTH OZHOUACTHUYHHX COCTOAHA{ BOARM3M NOBEpXHOCTH depmm;

- ATOMHHE BeC Axp8;
Iﬁlz- cpenHHil RBampaT MAaTpDUYHOIO 3XEMEHTAa Mepexona ES N- B N+ 2- KBASEYACTHY-

HOEe COCTOfIHWE;

X E GepeTca C yueTOM SHEPI'MM OTAAYM OCTATOUHOTO AApA.
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S,m - COME ¥ Macca MCIYWMEeHHOK wacTuuH;
EOJI- SHEPT#A BO2CYRUGHHA COCTABHOTLO R OCTATOUHOT'O fHiep;
n - YACEO 3KCHTOEOB B DPABHOBECHOM COCTOHHMM,
[IpUEATH CleAyDEUE NapaMeTPy IIOTHOCTM ypoBHeh [7]:
0 - za7 yeTHO-YETHHX AlLep,
a= A/10,8 ; &= -1,5 -~ nuA Anep C HeyeTHHM A,
-3 - Anf HEYETHO~HOUETHHX ALE.
Ceuenns OOPaTHHX DeaKuiid Aag HEATPOHOB ¥ NDOTOHOB pPaCCUMTHBAJMCH O OOTUYECKOH MoZean padoTH
[8] ¢ napawerpamm noreHnuaza, no;yueHHHMm B padore [9] . Jns pacueTa CeueHul MOTTONEHWN of —YACTHL
MCNONB30BAHK NapaMeTpH u3 padoTs [I0], Ceuenme $HOTONOTIOWEHUH [II]

a_.2
5 Gmu) E Ty
! (E*-E2)+E*T?

= 80-A~1/3 MoB, Tp= 5 MaB.

[lapaMeTp IpeApaBHOBECHOH 3MUCCHU d = 5,3‘10'3 BHOpaH COTJacHO padoram [12,I3], B KoTODHX
NPOBOAKUIACH aHAJW3 CIENTDOB HEYNDYrol'0 PacCEerBUs HEeUTDOHOB ¥ CeueHult peawnum (n,p) npm E,= I4 MaB.

2. 0030p SKCIEDHMEHTANBHNX JAHHNX

BONBEARCTRO WaMepeHRY Fa W30TONGX XpOMa BHGOAHEHO JUMB Opu ORHOH 3meprmm ~ I4~15 MaB, npuueM
U3MEPEHHs 3TH, B NCHOSEOM, ABAAKTCA OTHOCUTENBHHMM (Tadn.l). CrezyeT OTMETHUTH, YTO THATEABHOH
ONEHKW MCNOJB3CBAHHHX B 3TUX U3MEDEHUAY CTaHZADTHHY CeueHUl He NpPOBOIMNOCH., B KauecTBe Haudolee
IOCTOBEDHHX CEUeHMM Ha A2HHHY MOMEHT BpeMSHU OHAM NPUEATH CpenHeapudMeTHUECKUe 3HAUEHMA 10 BCEM
IKCTEPHUMEHTANPHHN AAHAHN, MO [14] :

S4Fe(n,p)?Mn 352 2751 (n,d)%*Na 114

OFe(n,p)%Mn 110 83cu(a,2n)%%cu 572
27Al(n,p)27ug 71

PezyabraTh OTHEOCUIEIBEHX W3MEPEHNH OuIM NUEDEHODMUDOBAHH HA 3TH 3HAYOHMA.

Tadauna I

Jlaboparo-:
Patota ABrop phA Any The snyOAMKOB2HO
cTpana

Wccaeno pangasn
PEERINA

(A-51] D.1.Allan HAP NP, 1961 v. 24, N 2, p.274| *%r(n,p)°%
Q = -0,26 ks
50 Cr(n, np) 9V
Q = -9'6 MaB
52 Cr(n, p)52V
q
53
Q

= =3,21 M3B
Cr(n p)bEV
= -1,7 M3B

e
j . 52
[a- ml ' 4. AauKCBHELADOB, cece ! A3,1975,v.3%, K 2,p.137 ¢r(n, p)22v
i 11.PJ1011K02Ba,
*‘B .C .LoBpirRHE
!
|

.0 Jlons cCccp "BoupocucaTounog HAYKA B 500z (n, o Y4711
i roxnpry. Cepus: Aephue _ .
{ M Ap. KOHCTAHTH" Ev73, BuILII, gz- 0,330 %%B
c.9 Cl‘(n,o(_) Ti

[N' ;
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Hpozoaxesre Tady. [

JlaGopaTo- ficce
IOBANHAR
Padora ABTOD gggaggn T'xe onyGamxOBaHO DeaKis
Q = ~1,203 MaB
530r(n, o 37°0m
Hor(n, o)’ me
[D1-73] | J.Dresler INR-1464, 1973, p. 12 52Cr(n, p)>2V
J.Araminowicz, (Pignanelli Prog jan. 1969)
Garuska,
Colli
[HI-75] | P.Hille, M.Uhe IRK INDC’ (SEC)-51L, ' Sobr(n,oz Ya7rd
- e.a. 1975, p. 6
[H1-67] | L.Husain, ARK JIN, 1967, v. 29, 520r(n, )72V
P.Kuroda N 11, p. 2665 530r(n,_p)53v
[H1-67] | L.Husain, ARK JIN, 1967, v. 29, N 11, 33¢r(n, np)52y
P.K.Euroda p. 2665 54 sS4
¢r(n, P)°'V
5L"(}':L-(n,oé)y'Ti
[HI-74] P.Holmberg, FIN JIN, 1974, v. 36, N 4, >2cr(n, )%V
?:%%ﬁgggg.nen, pe 715 crtn, p)2V
M.Valkonen 54Cr(n,p)y"V
540r(n,h2)511‘1
[KI-59] | B.D.Kerm, KL NP, 1959, v. 10, N 3, >26r(n, p)>°V
W.E.Thomson, P. 226 :
J.M.Ferguson
[K-65] C.S.Khurana, IND NP, 1965, v. 69, ¥ 1, 526r(a, P)7%V
I.M.Govil p. 153
[P-53] E.B.Paul ORC CJP, V. 31, p. 267 520r(n, p)°%V
[P3-71] R.Prasad, MU ) 1971, v. A3, N 3, 520r(n, p)7%V
D.Sarkor p. 46 5301'(:1, p)53V
[T1-58] ¥.E.Thomson, NRL BAFS, 1958, v. 3, 22¢r(n, )72V
- J.M.Ferguson, p. 210
B.D.Kern
[M-61] S.K.Mukherjee, SAH PPS, 1961, V. 77,Pte2 520r(n, p)23V
A.K.Ganguly, N 494, p. 508
N.K.Majunder .
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Oxonusgme Tatzn, I

. JIadopato-| - Hccuenosannan
Padora ABrop g:gaggm Tze onydn@faxo. pearuus '
[M2-66] B.uttre, XD T, 1966, v. 83, N 1, %20r(n, p)o2v
[c-51] B.L.Cohen PEN PR, 1951, v. 81, K 2, %2¢r(n, p)52v
) p. 184 Q = -2,8 MaB
[C2-61] L.Colli, MIL NC, 1961, v. 21, N 6, 2¢cr(n, )72y

L.Sorl pP. 966
S.Mich;letti,
M.Pignanelll
[ce-61) D.M.Chittenden, ARK "pnn, Prog. Rep. Nucl. 220r(n, p)22y
D.G.Gardner Chem, ™ BCr(n, p)53v
[r-67] G.Rou uON NUK, 1967, v. 9, N 5, 22cr(n, p)52v
p. 228 Q = -3,26 iidB
5301‘(11, p)53v
Q = -1,75 M3B
5I'I'Cr(n, p)5 v
Q = -6,52 MaB
[s 5-65] Strain RL RNL-3672, 1965 526r(n, p)52v
[w1 -54] Z.Wilhelm WWA o 41T 12254, v. 13, 52¢r(n, p)2v
) y P '
52 52
w1 -€8 L.D.Weber USA BAPS, 1968, v. 13 Cr(n, np)?<V
[ L J.L.Duggan N 12, p. 1663’ (DB6)”’ 53cr(n. 3he)51mi
[»72] F.Foroughi, HEU HPA, 1972, V. 45, 53Cr(n pg
J.Rossel N 3, p. 439 33¢(n, ol )23
[»1-69] N.J.Freeman, ALD JNE, 1969, v. 23, cr(n, ()T
J.P.Barry, N 11/12, p. 713
N.Cambell
[11-75] E.;.Il‘.igimcott, HED g;gﬂ. 1975, v. 1, Cr(n,of )TL
N.Mc Pe
'.H.Furﬂr
[2=-59) M.R.Zatzlck, BEN BAPS, 1959, v. 11, cr(n, pP)V
H.P.E.Bubouk K 4, p. 141 (D10) .
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Kpoue u3MepeHMit Ha MOHODHEPreTUUECKHX HEHTPOHAX KMESTCH CAHO MBMEDEHHE fR«Sﬂ* (u3MeperH
G (n,p) Ha Tpex M30TONAX XPOMAa), BHNOJHEHHOE HA CHEKTLe HeHTpOHOB

-0,775 L5
cp(E)~const<1/fe TE L qete "bE),
ree d= (2,5 + 5,8)-107° B>
{lpy BHOODE DPEKOMEHIOBAHHHX KDUBHX DE3yASTATH 3TO# paloTw Taxke NPDUHAMZIECH BO BHUMAHHUE,
llozpoGuuil ananus UMENMUXCA SKCIEDUMEHTANBHHX HEHAEY, L apdeHES DACCUMTAHHNX ¥ AKCIEpLMEeHTaNb-
HHX CEYeHMdl ¥ BHOOD DEROMEHZOBAHHHX KPUBHX DYHKIME BOLCYHIA6HUA ANR KAEAOTC K30TONA IODABOAATCH
HUES.

3, CeyeHHs peaknuif, CONDOBOENAWMMXCA BHISTOM NPOTOHA

Xpow—5U . Ceuenne u#3MEpEHO TONBKO B OZHOR pacorTe [A-GI] uwetonow $IMosuv.:.null, V3MEPeHUH MpoBe-
deHN Ipu 3Heprad I4 MeB noz yraom I20° k nazawmeny Iyuky Hedpodon. HCLOAB3YEUAE NETOLUKA I1103BO-
asna pasielMTh NPOTOHH U3 (n,P) ¥ (n, nP) + (n,P )-peakunii. YHTErDPaIBHNE CcYSHAS HOAYYEHN KAE
4&I(d67Qi£1 . AGCONNTHAA HODMUPOBKA OCYNECTBAAJACH Ha CeuYenux pearnuil

5“'F‘e(n,p)s’q'Mn, 5436.(1;?11?)53“11.

C yueTou NepeHODMMPOBKN 3Hauekult Ceuenuit peakuuii (Cu.c. I3) OKCINEPUMEHTANBHHE 3HAUSHUS
n(n,p) = 255 + 20 MG, (n,np+nr,on) = 153 # 21 0.
PacuerHoe sHauesue 6 (n,p) pasHoe 370 MO, B Ipeiesax OLIHU COPHa%%FTCﬂ C UDMHSTHM BECHEDHEMEH-
TaNBHHM 3HAYEHMEM. B Ka4eCTBE DEHOmEHJObaHHOK Hpusoh & {n,p) Lng Cr DpUHAT® KPUBaR, NOAyYeH-
Had U3 pacuera.

Pacuetnoe snavenue 6 (nynp ) + 6 (n,pn), pasuoe 8I2 kO, IpEMEDHC B 1,2 Ta?3 BHIS SKCREDUMEH-
TanbHOTO (153 + 21 u6). B KaueCTBE DEHOMEHAOBAHHOK KpuBOK € {r,np) + 6 ( n,pr ) LpkEEATA paCueTHAd
KpUBaf, OTHODMMDOBAHHAS HA 3KCNEPUMEHTANBHOE 3HQUCHUE,

Tpynnosue ceueHuf NLMBEXEHH B Ta0X.2. CeueHus, yCperhsraue NO CHEKIDPY ®aWTDUHOSB ﬂeneﬂnﬁz55U,
LaHH B Tadx.3.

Tadnmna 2
Tpynnosue cevyeHus DPeaxuuit
Ceuenud oe;%ggiluggiﬂ_ -
oy~ Eggﬁﬁf“ e na np nt | oo | ome | E
niH M5 g r S2¢p N “—;f ’ m550r N SB¢r
-1 I4,1~I4,0 370 I04 104 : Loos2 43 12 12
0 14,0-10,5 440 87 9% 26 i 37 35 6,7 7,9
I 10,5~6,5 410 3 31 6,2 | 20 7 ¢,% 1,5
2 6,5-4,0 270 2,0 1,6 | 42 1,3 i
3 4,0-2,5 102 ; :
4 -1,4 18 i f
2'? * i _,'L_,, . 7
XpoM-52. Nsmepenuft Ha ?20r HuMEEeTCH JOBOJBHO NHO- “ssnEme 3
ro (cx,ra6n.I), OZEAKO BCE OHH, 38 RCEINUESHUEM ‘HQRGEMH. JOPeRHeHEHe 10 CLSEYLy RENSHH:A
padorn [KI-59], mumommess npE  SHeprEM "7, &l
T 14,5-I4,8 MaB, B GonsmmecTBe pador [ M~61, C6~61, e
. - 22 53 I
K-65, M2~66, HI-67, P3-7, HI-74, P-53, TI-58, KI-59] Feas- | or or | x| Stor
¥, DO-BEAMMOMY, B padoTe [55-65] MCMONB30BEH aKTEBa-~ Tt
HEOHHH# METOZ, OpHueM B padorax [P-53, TI-58, KI-59] n,n §3ﬂ_r 0,82 2-54 0,0072
npoBeZieHH aGCONNTHHE W3MEPeHHA, PesyIbTaTH BCEX ak- oy np :iffv O-OO?? “v?QG’% )
TUBENMOEHHX K3MEDEHHE C yUeTOM NEePEHODMMDOBKM IpHBE- ol 0,62 0'085_ C"ﬁA 0,021
ZeEH B Tabn. 4 (OTHOCMTenbHHE) M 5 (adCONDTHHE). a,pr 10,023 0,0025|0, 00084

% Counxm Tuma [r-67], [A~6I] ¥ #p. cu. B Tacu.l.
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Taczuna 4 Tadauna 5
Pacora E, MeB [&(n,p), MO Padora E, MaB 6, MO
¥-61] 4,8 I0 10,5
[g6-613 iq’e 82 PR [P-53) 14,5 + 0,35 | 77,7 + 10,9
’ hd )
(K [T-58] 14,5 87 + I3
651 14,8 118 + 16 RI-5G% 14,5 114 & 15
(s5-6F I4 , 82 CooTneaTHE ! =
[M2-68)] 14,8 + 0,1 90 + 6 METHIECKO®
(H1-67) 14,8 £ 0,5 | 1I5 & I5 3HAUERHe 14,5 93
[P3-71] 14,8 + 0,5 63 + 4
(HI1-74] 14,7 £ 0,3 | 103 + II XCouenue npu I4,5 M5B HO €CTH IKCHEDUMEH-
CpeAncapal- ranbHas TOuka npe I4,5 MaB, a 6CThH BeAMYnHa,
MeTHYEeCKoe CHATAA C I'AafikOyi XpuBoff, ONECHBaMmEHR BCE IKC—
SKAUCHRE ~14,8 | 95 NEeDUMCHTAJIbHEE TOYKE,

XMeronuka usmepened, ncoonbayemad B 3TOR
padoTe, HE E3BECTHA.

Pas0poCc B oECNEpMMEHTANBERX NAHHHX NOBOJEBHO BeJMK.PaCXOXZSEXR BO MHOTHX CIyuafiX BHXOAAT 3a Npe-
AEXH YKa38HHHX SKCOODMMEETAIBHHX OWHMOOK, NpUUEM IPUUHHH 3TUX DaCXOxJAecHuH OMpPeZesMTH NpaKTUYECKH
HeBO3uOXHO, [loaTONy B RBUECTBe HaubOZee JOCTOBEPHOT'O 3HAUEHHA 6““"anp) npa anepruy ~I4,8 MaB
EpeAnaraeTca cpejHeapudueTEUECKOE 3HAUCHAE NO BCEM UMERUMMCA SKTUBAIMOAHNM M3MEDEHHAM, PaBHOE
94 + I5 u6. 3pmech ommdka
) Z |6, - 94

15
(np)=+——— >

n

KM
a6%

PAe 1N~ YRCNO E3MEPEeBUH.,

Cazefyer Takxe OTMETHTBH, YTO CDeAHeaDUPMETHUECKUE BHAUCHUR OTAENBHO 1O ACCONDTHHM X OTHOCH-
TENBHHM M3MEDEHUAM ODAMEPHO DaBEH MeXAy cOGoH (93 u 95 MC) M NPAKTHYECHY COBNAAALT C 3TUM 3HA-
yerneM. TARAM OCPASOM, OKCHNEDUMERTAIBHOE 3HAYGHHe peakuuu >2Cr(n,p)>2Mn mpu E ~ 14,8 MaB

6% ™n,p)= 6(n,p)= 94£I5 MO.

PeaynbrarTh padors [KI-59), ezuncTrentof, B KOTOpOH M3MEPEHHA NPOBEJieHH B JOBOALHO MUAPOKOM MH-
repBane 8Eepruft, JexaT OpaMepHO Ha 10¥ Bume 3TOrO 3KAUGHWA M, NO-BUAMMOMY, ABIAANTCA HECKONBKO
38BHEEHHHMY .

MeTOz (OTOINYIBCKHH HCIOAL30BAACA NMUb B OXHOM pacore [A-6I].

MeTox TeleCKOma CYETUMKOR KMCHONBZOBAICA B padoTax [CZ—GH (®m3MepeHUA NPOBEAEHH NOX yrAaMU
15 ® 120°) u [A-75] (#3MepeEMs NpOBeZEHH NOZ YT IOM 45°, HO Tpm NONYUSHAM MHTEIPANBHOTO N[O YLAY
C4YEeHMA HCNONB3OBANMCH W DE3ynbTaTH padot [C2-6I]), B pesyspTaTe mONy4yeHO, TTO

46 M0 <6™(n,p) < 84 M6 [C2-61] , 67%n,p) =I30%30 MG [A-75].
PesyasTaT paGoTH [A-75] ABiAercd, NO-BUAMMOMY, GOIEE AOCTOBEDEHM, TAK KAK, BO-NEDBHX, Npu

el0 DOAyYeHHH HCMONB30BANMCH M IAHHHS DAGOTH [C2-6I] u, BO~-BTODHX, 6"“”(n,p) HE MOXET OHTH MOHb—
me 6¥"(n,p), nocwozsky B AeREOM cayuse 6(n,p)=6(n,p)+6(n,np)+ B(n,pn), a 6X(n,p-6np. Taxuu 0Gpasox,

™ (n,p)= 6(n,p) + B(n,np) + G{n,pn)= 130430 MO.
p

ipaunx usuepenn#t &(n,np)+ 6(n,pn). Ea 22Cr HeT, NOITOMY IKCTEPUMEHTANBHOE SHAUEHUE 3TOrO
CeueHns HAXOZMIOCh XKakK PasHocTs wexxy 6(n,p) u 62 "(n,p):
6™ n,np) + 6% (n,pn)= (130430)~(94+15)=36445 uG.

52Cr(n,p). E3NEPEHHOE Ha CHOKTpe Ee#TPOHOB B padore [R-67],

62" n,p)= 0,92 + 0,04 ue.

Cedende pearnum

TaguM O0pasoM, LIA 52¢p HEMeeM  SKCIIeDMMEHTAlbHHE M 3HavYeHAA ceveHul

G (n,p) @ 6 (n,np) + 6 (n,pn ), npupeieHuue B Tadl. 6.

pacyueTHHE
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Talanmga 6

Nokasa~- G(n,p), M6 6(n,np)+ G(n,pn), M6
TeIb KCIIEPHMERT Pacuer dxcneprueHT | Pacuer
JHepIwiA '
14,8 MoB % 3 I5 100 3 + 45 48
CoexTp Heli-
TPOHOB 13
800TH .
B-67] 0,92 + 0,04 | 0,925
.

3 npuBefleHHHX AAHHHX BMZHO, YTO DACCUMTAHHOE CedcHMe peamuus (n,p) XOpOmO COTIaCyeTCHd Kak C

AndPepeHunaNbHEMN, Tak M C MHTEIDAJBHHMY M3MepEeHMAMM. [I03TOMY B KAUECTBE DEKOMEHIOBAHHOH KpHBOH

® (n,p) BO BCelt OGnacT# sHepruM HpMHATA KpUBaA, NOJNyuerHaf B pacueTe, I'DyNNOBHE CeUEHMA ZgHEH B
rafa.2., Ceyennsl, ycpeZHeHHHE NO CHEKTPY HEHTPOHOB ASIECHUA 23 , TIPABEACEH B Tall.3.

Xpou-53, Ha 23cr wueerca OZHO U3MepeHu® npu 5,85 M3B ¥ HeCROIBKO M3NMepeREft B oGmacTe I4 MaB.

llzuepenne npu 5,85 MaB [P-72] BHUIOJHEHO METOZOM TEJNECKONA CUETUMHOB NOZ YTIOM 0° K Heftrpon-
HOMYy DYUKY. o

lisuepenua cedenusa peaxuuu (n,p) npu I4 M3B BHNOOZHEHH AByMA MeTOZauu: (GoToaMyrbcHEi [A-SI] ]
axTEBamM [ HI-74, HI-67, P3-71, 06761] . AKTUBAIMORHNE CEYEeHUA, NpEACTABAAKmME COGOH MHONHOE Ce-~
yerue peaKmuu (1,D) (ﬁwmp(n,p)+ 6dL’°°t(n,p)), NpuBeneRH B Tadn.7.

3rech TakEe NPHUBOJATCHA yEE NEPEHODNMPOBAHHHE CEueHWd., B KaueCcTBe HamGolee AOCTOBEPHOI'O 3HA-
yeHnf @"”‘"‘(n,p) ) npMHATO cpeiHeapuPMETHMUECKOe IO BCEM U3MEPEHUAM

6a.xm(n, )=69'“’“(n,P)= 39 + 5 M0,

Z|6,-39]

rae AGaKm(n-,P) =1

n 3
n - YACHO M3MEPeHuii.

Ceuennms peaxnuit (n,pn) + (n,np) GHIM M3MepeHw B padorax [HI-67, WI-68] . OGa MSMepEeHMA BHIOI-
HEeHH AKTMBALMOHHHM METOZOM (Ta6:.8).

Taomuna 7 Ta0ania 8
m - N
PaGora aggpfﬂﬂv 6‘: p (n,p), Pagdora gggp ul, @%np»,

[HI-74]| 14,7
[RI-67]| 14,8
[P3-71]| 14,8
{C6-61]| 14,8

{HI-67] (14,8
"

5
[wi-68] |14, ?

217,11+ 1,
23] 7,3+ 0,

8REE
M+
£ PN

PeayasTaTH ofenx pagdoT XOpowo COTJacynTcfi Mexay cotoft, Ilpu I4,8 MaB HpHHATO:

Gsxm(n,np) =7,2 & 1,0 x6.
B Ta6n.9 CpaBHMBanTCA SKCIEPUMOETAIBHHE CEUeHUd C DACCUATARHHMA, a TaKke NDUBEHESHH CEYeHHuA,
yCpeAHEHHHe N0 CNEKTpy HeHRTpoEOB M3 padoru [R-67].

W3 Ta6amuy BMAHO, UYTO AAA >3¢r PaCCUMTAHRHE CEUEHHA 3aMETHO BumE 3IKCIEDHMEHTANFHHX. FacueTEe
KpuBHe 6 (n,p) ¥ G(n,np) &8 6 (n,pn) OHIM NEPEEODMHPOBEHH HA SKCICDUMEHTANBHHE 3HAUEHHES NP
spepran I4,8 MaB.IpE sTaM mepeHOpMMDOEAHHOE CedeHBe Deaxmum(n,p)Opu sHeprEm 5,85 MaB pasEO 6 MO,
a yCpeZHeRHOe 0O CIEKTPy HeltrpoHoB 43 pagors [B-67] - 0,62 m0, T.e, "corzmacme" yayumaerc AJA
BCex 3Hepruit. [ONyuYeHHHE KPMBHE OHIM NDHHATH B KAYECTBO DEKOMEHJIOBAEHHX. '
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Tadamna 9

. (n,p), MO 6(n,np)+6(n,pn) M6
OKasaTenb
3Jxcnepu~ Jrcnepu-
R P Pecuer |gorn P2~ |pacuer
JHeprasa, MaB: ,
5,85 5 8,4
14,8° 9+ 5 50 [7,2¢1,0| 16
CoexTp He#TpO- . ’
HOB M3 DAGOTH
[r-67] 0,37+40,03 | 0,769

I'pynnoBHe CevyeHus peakniit En p) 4 (n,np) + (n,pn) IpuBeAeHH B Tala,2. Ceuenusd, yCpeIHEHHHE
no Cnerrpy EellTposoB Zenenma ““U, nady B Talxl,.3.

Xpou-54, Ceusnue pesxumu (n,p) Ha 3TOM MB0TONE U3MEPRJIOCH TONBKO B padoTe [HI-74] npu
14,7 MaB'u B padore [HI-67] npu I4,8 M3B. 0Ga M3MepeHUA BHIOJHEHH AKTUBALUOHHHM METOZOM. C yue-
TOM NEpeHOpMMpOBKH G (n,p) paBEO 16,5 + 4,5 w0 [HI-74] & 13,5 ¢ 1,5 w6 [HI-67] , uro B npegenax
OMEGOK SKCIEDEMEHTA COrJACYeTCA ONHO C IPYI¥M. B kavecTBe Haudonee KOCTOBEPHOTO 3Haduemna 6(n,p)
ope 14,8 MoB npEHATO CperHeB3BemeHHO: (C BecoM OOpATHON BeJMYMHH KBanpaTe OMACKK) 3HAYEHUE

64 Mn,p)=6" Y n,p)= 13,8 + 1,4 uG.

W3MepeHRrit cyumapHOT'Oo cedeHMR pearuuft (n,np) z (n,pn) H854Cr He MMeeTcCH,

PacuerHoe 3pauesue @ (n,p) npu I4,8 MsB paBHO I5 MG, ITa BenMUUHA HECKOJBKO BHUE IKCIEPMMEH-
TAJBEOTO 3HAUEHMA, paBHOro 13,8 + I,4 M6, XOTA B npezeaax ouUGHH 9KCNEPUMEHTA ¥ COrJlacyerTcs C
HHM. YCpeZHeHHOE N0 CNeKTpy HeliTpOROB Zelemus 227U paccumrammoe ceuemue 6 (n,p) (0,008 uG) Taxme
BHme 3KChepumeHTansnoro (0,0049 + 0,0000 u6), [loaToMy pacueTHas KpuBaf Onia NEePEHODMMDOBAHA Ha
JKCNEeDUMERTAABHOE 3HAaueHWe npm I4,8 MaB, lipn aToM ceueHue, yCpeIHEHHOE NO CNEKTPY HeHTPOHOB, pam-
Ho 0,0072 u6(cM,1a6n,3)lepesopunpopagiad KpiuBasd OnJa NDUHATA B KAYECTBE peKOMeHIOBaHHOH. I'pynnos:ie
CeueHUA NPUBEREHH B TA0H.C.

Ha OCHOBaHWM CKASEHHOI'0 BWmE MOEHO CAEJaTh BHBOJZ O TOM, UTO B Clyyae Deaknouu (n,p) pacueT nos-
BOXAET NONYUATH aGCOMNTHOE 3HAYEHME CEYEHUs C TOUHOCTH ~ 25-30%, a B ciyuae peaknuli (n,np) u
(n,pn)-c TOYHOCTHD O EO3(PULUeHTa, PABHOTO 2,

4, Ceuenua pearnuit, CONMPOBOXNAWMAXCH BHACTOM o -4aCTHUIH

AKCNEepUMEHTANEHNX AAHHHX NO 3TMM CEYEHMAM OYeHb nano (Cm.TabN.l). MMeeTCA JuMmb OZHO M3MepeHie
npu sEeprau 5,85 MaB [F-72] ® Tpn usuepeHMs NP sseprum ~ I4,7 MoB [HI-67, HI-74, D=72].

Usmepenve npu 5,85 M3B NpoBeZeHO TOABKO ZAA OZHOTO m30Tona ~“Cr, Bui HCHONB30BAH METOX Teile-
CEONA CYETYUKOB.,

B padorax [HI-67, HI-74] usMeDAIOCH CEUEHME DEAKLMM 5“CI‘(n.,c:C). W3uMepeHua BHIOAHEHH AKTUERA-
UUMOHHHM METOZOM. Pe3yAbTATH 00EMX pASOT (C yUeTOM NEPEHODMMDOBKM Ha 3HAYEHKA CcedeHun§i peax—
mEit,cM. ¢,13) pasmu

’ 7,7 + 4,4 u6 [HI-74],
12,5 + 1,3 " [HI-67]

¥ B IpefielaX 3HCNELHMEHTANBHHX OMUCOK COTNACYRTCH MEELY cogoii,
CpenHeB3BemEHHOE 3HAYEHHAE IO BTEM JBYM H3MEDEHHAM
6™ (n,a)=12,1 + 1,25 u6.

W, BaroEen, B pagoTe ED-?B] . EIUHCTBEHHO{ padoTe, B HOTODOH M3MEPAJUCH CEYEHMA BCEX MBOTONOB
XpOoMA, HKCNOAB30BAICHA METOJ TEJECKONa CYETUUMKOB. W3MepeHMA NPOBEZeHH B mUPOHOM Zualla30Ee YIJOB OT
0 zo 150° ¢ UHTEPBAIOM 25°, llomyuesHHe CedYeRMA NPEACTABAADT COGOM CyMuapHHE CeueH®f peakumi (n,d),
(n,na) 1 (nyxr). i3 pacuera cnexyer (Tadn.I0), 4TO Op¥ 3HEPrAR ~ I5 MsB BrIAZ KaHAJOB

ny,no) ¥ (N,an) NpeHEeGPEXANO MajJ MO CPABHEHED C BKAAZOM KaHalNa (n,c) AAA BCEX U30TONOB, KpOME
Cr. 3HaueHus O (n,o), NONYYECHHHE N3 PE3YABTATOB PACOTH [D-73],Taxxe npupelieHH B Tada., I0.
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Tacmuga 10

[lokazaTeab 50Cr 52Cr 530: ] 54Cr
6(n,net) + 6n, on 4
6(n,x) .
npu I5 MaB ~ 0,05 ~0 ~0,006 |~0,32
6(n,) , MO ED—?}]‘ 121+8,5 |40,2+3,7 [45,1+3,7 | 2843

Lna $4Cr 9TO 3HAaYexRue nourn B 2,5 paéa BHEE 3HAUEHMA, MOJYYEHHOIO FKTBBAIMOHHHM METOZOM B pa-
goTax [HI-67, HI-74). PesyasraTH paGoTH [D=73] NpeACTAEBAANTCA ZOCTATOUHO HAZEXHHMH, TAK KAK A
TelpanbHHe CeYeHus B Hell NOJyYeHH HA OCHOBAHMM AOBOJBEO NOZPOOHOR (B 3aBUCMMOCTHM OT yraa) 3rcle-
PMMEHTANbHOM MEPODMANMM, OXHAKO HEM3BECTEH TOUHHJ COCTAB 0GPaslOB, MCIOUBSOBAHHHX B padore [D=73]
(rosopuTCs, UYTO MCLONB30BAIUCh O0paslH, OCOTALEHHHE NO OCHOBHOMY U30TONy). BO3MOXHO, UTO COREp-
xaHUe Cr B HUX ObJIO HeGOJBEMM (B €CTECTBEHHON CMECH ITOrO K30TONa BCEro 2,38%) u BIMAHME HA
pPE3YNBTATH W3MEDEHMi ZDYTUX U30TONOB OHIAO JUTEHO HEAOCTATOYRO TOWHO, AKTMBALMOHHHE M3MEDEHHA B
3TOM CMHCJE ABAANTCHA GoJNee HAASXHHME. B yacTHOCTA, B padore [HI-67] N3MEpEHNA IPOBOACHH HEe TONb~
KO C oGpaslaMM M3 €CTEeCTBeHHO! CMECH, HO M C 00pa3lauu M3 CMECH, oGorameHHoff 1o 54C: §if)
94,110,15. Kpoue TOro, aKTUBALMOHHH{ METOZ, KK yEE€ OTMEUaNoCh Bblmes NO3BOIAET TOP33J0 TOUHES
BHAENATE KOHEuHHE NMPOAYKTH peakiuu. [[03TOMy MOEHO CUMTATh, YTO AJAA . Cr pPesyAbTAT aAKTHBANMOHHHX
u3MepeHnit ABIAETCR Goznee ZOCTOBEPHHM.

Jlns ocTanbEHX M30TONOB CPABHMTH DPe3yABTaTH PadoTH [D-73] He C ueu.

Uamepennt Ba CHeHTpe HEeUTDPOHOB ZJA WM30TONOB XpOM3 HE OPOBOIMAOCH. Takue K3MEPEHMA KMEDTCA
TONBKO ZIAA ecTecTBeHHOW cueck [FI-69, LI-75] (Cu.radx.l). PesyubTaTd oTuX M3Mepenuft (00a OHM BH-
NONHEHH MAacC—CNeKTPOMETpHYeCKEM MeTomom)-U,17+0,6 M6 [F1-69] u 0,14 w6 [LI~75]-COrjacynTCH MOE-
Iy CoGofi. B HAueCTBe DPEHOMEHZOBAHHOT'O NPMHATO GPEIHEAPATMETHYECKOE 0O 3TuM DE3YNbTATAM 3HAUEHUE
0,155 uo.

CpaBHeHMe PACCUMTAHHHX W SKCNEPUMEHTanbHWX 3HaueHuit G (n,of), uG, OpoBereHo B Tadxn.Il,

Tadauna II
Cnexrp HefiTpoHOB
. 5,85 MaB 14,7 MaB lgl_@“po
30TON
2gggepm— Pacuer 3gg¥eP“' Pacuer 3§§¥EPM' Pacuer
Xor I21+8,5 | 59
2Zcr 40,2+3,6 | 32,5
?26r <7,6 0,6 |45,I+3,7 | 40,1
Hor 12,1s1,25| 15,5
Ipupon- N 0,155 0,125
Has cmechﬁ -- -

U3 TaGaunH BWAHO, YTO PACCUMTAHHHE 3HAUEHWA B OCHOBEOK HHMEE 3HCIepUMeHnTanbHHX. [pmues pacxox-
ZeHUe 37eCh COnbme, UeM B Ciyuae peakuuu (n,p). [lo-BUzumoMy, B ciyuyae peaku#um (n,o) pacueT mO3-
BOJAET NONYUMTh aCCONLTHYD BEIMUMHY CEUEHMH AMmb C TOUHOCTHW ~ 50-100%, Crexyer, OAHAKO, OTMETHETD,
YTO UMEDMUXCH B HACTOAMEe BPEMA JKCIEDUMEHTaJBHHX ZAGHHHX HeJOCTATOYHO ZAA TOr'O, YTOGH CIBIaTh
Golee OmpeieneHHHE BHBOAH. B HauecTBe DEKOMERZOBAHEHX KDHBHX 6 (n,cf) OHIM NDUHATH DaCUETHHE Kpn-—
BHE, OTHODMUDOBAHEHE HA 2KCIEDUMOHTAIAbHHE 3HAUEHWA NpW 3Heprum ~ I4,7 MsB, CymdmpoBanme
STEX cedemE#t, JYOpOIHEHHHX HO CHEKTDPY HeHTDOHOB IeneHmd, IO88T 1nd eCTECTBEH:HOH CMECH CDei—
Hee IO cleKTpy sHavenne ceuenusA 0,125 uG.
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JIE 539.172.4%

TOIEHE CEYEHWS OBPABOBAHUA x -KBAHTOB
IP¥ HEYIPYTOM BRAMMOJEHCTRBUY I4-MaB HEFTPOHOB C PASHMUHHMK FAPAMA

BMBesorocEuf#, BMITop6auer, INCYypPpoOEBRB,

MCIBenqos
TOTAL CR(BS~SECTION T=FCRMATI(N AT MELASTIC INTERACTION OF
14 MeV REUTRON WITH DIFFRENT NUCLEI. The results of measure-
ments of total cross-gections T-formation at inelastic inte-
raction of 14 MeV neutrons with Mg, Si, P,fs6 ™, Zn,Zr,Mo,Cd,

In, Hg and Bi nuclei in the energy range of 0,5 & E_._(.12 MeV

are presented.
§ ese measurements are carried out with the helpof a pulsed

pourse of 14 MeV.The thin spherical samgles (497 ~geometrics)
the time of flight methods and F<acitillation spectrometer with
‘the NaI(T1) crystal of 200x100 inim- diameter have been used.

3a moczepnee AeCATUIETHE ONyGAMKOBAHO (OABEOE UMCJIO PAGOT IO

H3MOPEHNED CIeKTPOB M CevoHE# 06pa30BaHEA ¥ ~KBEHTOB IDH HEYIPYrOM B3aRMoZieficrEAm I4 MaB Heit-
TPOHOB C pPasIEYEMMM sApamE. OZHEaKO B npeoGasjanmes COABEMHCTEE ONyGAMKOBAEHHX PaldoT, 3a MCRINYe-
HERex [1,2] , RSieDEEN COUeHHA OCpPASOBAHMH NMES OTASABHHX y -amEmfi, B TO BpeMf Kek, Eanpumep, Op
pacuyeTe GHOIOTNYECKOH 3aEMTH, DPOEETHPOBAHWR DA3ZEWHOTO pOZ8 DHEPrETRUECKHX YCTAHOBOK M B DAZE
ZPYTHX S&A87, CBASAHEHX C HCINOAb3ORaEMeM 14-~MoB He#TpOHOB, NpPAKTHUECKE# METepeC NpeACTaBAADT NOl-
EHe COUGHWS OCPA3OBEHEN j'-KBAHTOB B oCaacru smeprmit 0,5-I0 MaB. .

Caezyer Takxe GIiMETNTh, UTO (BKTHUGCER B NOAABAADKEOX GOIBMEHCTBE PadoOT OTCYTCTBYDT M3MEDEHmS
yraopoi aHNSOTPOINE BHXOA8 J' ~KBaH10B, 8 DDNBOXOHHN® B HAX COUGHRA 00pasoBaHNf j'-KBRHTOB NONyue-
HH yMEOZGHNOM ANG)EDOENMANEBHWX COYEHRH, MSMOPEEBHX HNOX yraOM 90°, Ha 4% . Tawo#t pacyeT Ceuenmit
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MOXeT NDHBECTH K MX 3aHHECHND, TAK E4K YLAOBOE DACHPEACISHME BHXO7A §' -KBAHTOB, KAK ODPABRIO, AME-
eT MMHUMYM IIDE yT'Ze 90° no oTEOmeEWD E HalpaBNeHBY HaleTapmero Heftrpona [3].

HlapHas padoTa ABIAETCA OPOZOJECHMEM DaHee BHNOJHEEHHX aBTODAaMZ DadoT [4-6] DO HSMEpPEHHD CHEKT-
POB B NOIHHX CeyeHUfi 06pPa30BIHUA 31—xBaHTOB; BO3HUKAWWMX NPH HEeyNpyroM Baaurone#cTamm I4 MaB
HE{TPOHOB, U COMICPEMT DEe3yABTATH W3MEDEeHMH NONHHX CeveHmdl Ha fAgpax Mg, Si, P, 8, Ti, Zn, Zr, MO,
Cdy In, Sn, Hg E Bi eCTeCTBEHHOrO H3OTONHOTO COCTABa. M3MepeHEs cevcHER y -06pasoBaHms
BHIONHEHH *HA BMIOYJBCHOM HCTOUHEKE He#iTDOHOB ¢ IpEMEHEHMSM BpEMAnpOAeTHOH uemo;fkn, HOIIONB3ye-
MOl ‘InA oTHeNeHHA ' ~XBaHTOB o6pasna oT POROBHX J'-KBaBETOP K OT ODAMHX H DACCEAHHX Bef«
TPOHOB,

T'auma-geTerTop, cocrosmuit ¥3 xpucranna NaIl(Tl) pasmepaus 200xTI00 uu » ®3¥Y-495, pasmemancd B
CBUHIOBOY 3amuTe, pPACNOJOEEHHO# 38 GETOHHOH CTEHOM HA NPOIETHOM PECCTOAHAM ~ 5 M OT MCTOUEHKA
HellrposoB. [l0BepXHOCTD KpHCTaiia NaI(Tl), opameEE&f B CTOPOHY HCCIEAyeMoro oGpazna, Or'DaHMYMBa-
n8Ch CBMELOBHM KOJIMMATOPOM C BHYTPOHHMM AuameTpod IO CM. B KaueCTBe aHaIW38TODE MMIOYIBCOB HC—
NONE30BalCA aEaIu3aTop AU-256, ynpaBifemuif munynbcaMu "Oxea" Amn{fepeHUMANBHOTO KHCXPUMMHATODA,
HACTPOEHHOTO Ha MUk JT-KBaﬁTOB peskuEM (N, Ty).

HMOyabCEHY DEEMM DPAGOTH HEUTDOHHOTO I'E€KepaTOpa OCYRECTBIAJCS OYTEM DacKauki HEHTDOEEOrO myu~
Ka Nepel meneBofi mmadparmoit.

BpeMesHOE pa3pemenHne CNEKTPOMETDE, ONpDEJEeleHHOE HA NOXYBHCOTE J'~nuKe, COCTIRAANO ~15 me,
[IpE TaxoM paspemeRuy OJeCneudBaeTCH DaslelleHHe HeHTpOoHHOI'O R §1~iMEOB NO BDeMEHE Ha poneTHOR
0aze ~ 5 M, JHepreTHYeCKOoe paspemeHue ¥ QOTONHKOBaA IPPERTUEBROCTH CNEKRTPOMETPA AJAA J~EBBHTOB

BZn(E%‘ = 1,12 MaB) cocrammany I0 u 50% cooTsercTBEHHO. CpeEEH NOTOK HefTPOROF, Oompefedse-
uuff no CueTy CONYTCTBYOEAX of -uaCTHI peaxuus T(c,n) He,COCTABIAX ~44,108 Heltrpor/c. HBccraenyemne
o6pasus B fopue nomux cPep C HADYEHHM ZUaMETPOM ~ 70 MM NOMENANHCH HA “X0G60T" Heitrposnoro reﬂepa;
TODS8 TEKEM 006pa30M, UTO ZrT -MMBEeHBb HAXOZUNACH B LEHTpe 00pasuna, Taxas FeoMeTpHs R3MepeHult 1nosBO-
auna yCPEAHUTH YLJOBYY 8HU3OTPORMD BHXOZA ' -KBAHTOB IPR pacuerTe CeYeHHd W MAKCHMABHO HCNONb30-
BaTh Heltrponuui#t DOTOK HAa O0pa3eln.

Jasa nomydueHud annapaTypHOT'O CIEKTDA [ ~usmyueHus DearmuM {n,xp ) TPOBOARMIRCD M3MEDPSHHA C UCCUe-
IyeMuM O0pa3IOM M Ge3 Oo6paaia ((fOHOBOE pacChpeseleHHME), KOTOLOE BHUMTAJOCH U3 pacnpejeneEns ,NOxy—
YEHHOrO C O0DAa3IOoM.

O6padoTKa aUNApPATYDHHX CIEKTPOB NPOM3BOZUNACH C NOMOMBD OGDPATHO# TDAHCNODPTUDOBAHHO# MaTpRLH
[4-6].

PesyasTaTH u3Mepenutt Ceyenuil B uHTepBaie AE,, = 0,5 MaR » NOXIHHEe CeueHmd, NPOCYMMHWDOBRHEHE
N0 BCEM MHTepBAZAM B OONaCTH 3IHEPrui J ~KBaHTOB 0,5-I2 MaB, NPUTAZSHH B TAGIRIE.

[IpeBeZieHEHEe B TaGIHIE CPEeIHEKBAZDATUUHHE OWMOKH M3MEpeH¥H ceveHulf NoApOOHO UPOAKAIABHPOBAEA B
padore [4].

CeveHEA 00pa3OBaEWA | —KBaHTOB, MO,
IpE HEYOpyroM BsammomeficTEME 14,MaB He#TpOHOB

Hureppan Mg si P s T4 Zn Zr Mo
AEy, MaB .

0,5-1,0 | 5810 | 210430 | 5604108 | I45:30 | 7004105 | 1617:307| I4I5+270 | 3100:585
I,0-I,5 | 5064120 |I55+30 | 487:100 | 240443 | I250:175| 1792+288| 788+:I80 | I450:+215
1,5-2,0 170+30 480+98 229+51 340+60 360+60 6424105 | 657+I40 780+120
2,0-2,5 | 140522 |90+I5 | 46997 | 640:I00 | 300:63 | 300:50 | I0I0+206 | 38060
2,5-3,0 | I36124 |I20:20 | I20+24 | 200+36 | 225:38 238142 | 374485 | 320+60
3,0-3,5 | 90+I6 | I30:20 | I00:20 | II0:20 | I60+27 200640 | 290565 | I70:29
3,5-4,0 | 75:2I | 98:I5 | 90+20 | I06+20 | I60+22 | 133:28 | 260:54 | 132420
4,04,5 | 65:14  |58:I5 | 77418 | I00:20 | I00+20 | II5:I9 | 186536 | 705417
4,5-5,0 | 60:I7 | 87420 | 74+I7 | 80+I4 | 130:36 23:I3 | 140+35 | 80+II
5,0-5,5 | 55+ I0 |76:I8 | 46:I0 | 55:10 | I22¢18 | 86:13 | II6:25 | 45:I0
5,5-6,0 | 50¢9 60:II | 43:9 60:I1 | 87:22 73:11 | 104426 | 54410
6,0-6,5 | 45¢I1 | 4548 76:20 | 40:8 70+ 15 58:JC | 90+20 45470
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OxoHuaEmMe TAGIAIH

fmrepsan Mg s1 P s ™ Zn zr Mo
AEr, MsB
6,5-7,0 4548 70+14 35+8 4448 95+16 55+10 86423 45+10
7,0~7,5 40+7 77+14 48413 359 60+ 13 50+10 75432 36+10
7,5-8,0 45:8 59010 - | IS 25+6 65+13 3747 63+32 1246
8,0-8,5 40+7 40+6 10+5 1745 40+10 2816 58+30 12+6
8,5-9,0 26+6 30+8 8+6 744 30+8 2248 45.26 1246
9,0-9,5 25+ 6 40+6 99 3+2 25+8 II+7 32+20 945
9,5-10,0 | 2I+9 3447 6+6 242 II+5 6+4 2I+15 6+4
10,0-10,5 | I8:9 20+6 454 142 10+6 645 1047 342
10,5-11,0 | I549 10:+4 2+2 0+0 5+5 443 547 242
I1,0-II,5 | 545 7+3 | 242 00 343 242 445 I+I
II,5-I2,0 | 2+2 442 I+I 0+0 %2 22 I+1 I+I
z 6}- 1732+380 | 2000+£380 | 25154555 | 2250+4I0 | 40I0+690 | 5570+990 5830+I1340 6800+I200
MHTepBan .
AEr. MsB cd Jn Sn Hg Bi
0,5-1,0 3I00+5I0 | 2468+395 |I1930+386 | 4200+700 | 2500+620
I,0-1I,5 II50+210 [I665+265 |2330+375 | I800+3I0 | 4585+940
1,5-2,0 7664134 | 795+I21 | 7I0+II4 | II40+I80 | 13504260
2,0~2,5 530+95 6404107 | 421+84 710+1I2 | 900+I90
2,9-3,0 405+80 322450 370+74 5204100 | 587+II7
3,0-3,5 313460 25640 211147 300451 3644106
3,5-4,0 180+34 155436 114425 180+31 223+56
4,0-4,5 132426 90+20 73+14 150+26 153+48
4,5-5,0 120427 75+19 68+14 90+20 148+47
5,0-5,5 83+20 63+18 4047 84120 88+20
5,5-6,0 7317 52+12 4T+7 60+15 106440
€,0-6,5 2:16 35+10 35+7 2648 105+47
6,5-7,0 61+26 46311 3449 48+10 109+50
7,0-7,5 #0424 40+18 27+14 28+10 136465
7,5-8,0 41419 33+15 19+11 21+10 131465
8,0-8,5 24+ 15 19:10 I9+1I 1448 | 62+30
8,5-9,0 1849 22+10 10+6 7 52426
9,0~9,5 20+15 1349 745 746 39420
9,5-10,0 10+8 10+9 645 8+6 29+18
10,0-10,5 | 8+5 %HE 545 5¢5 I3+1I5
10,5-11,0 645 748 55 100 0+0
11,0-II,5 4:4 2+4 3+3 0 0+0
1I1,5-12,0 242 244 242 0+0 40
}_‘G}'- 7195:7362| 68I5+1200 [6480+1220 |9400+I640 | 11680+2780
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JIK 539.1I72.%
CIEKTPH BTOPHYHHX HEUTPOHOB, MCTIVCKAEMNX [PR B3IAUMOZEHRCTBAM HEUTPOHOB C ANPAMM 238y

BMbHukos, AFJMlamenxo, BMAOdaascers

SPECTRA OF SECONDARY NEUTRONS, EMIPTED AT BOMBARDING OF 2%y,
The emission spectra, the fission spectra and smarigg% spec-
tra of secondary neu'!:rons, emitted at bombarding of by
neutrons with 5-~14 MeV energy are given. All duta are calcu-
lated on the foundation of theoretical models and semiempi-
rical formula.

Beenenue

SHQUeHNE CNEeKTPOB HelfiTDOHOB, HCHYCKAEMHX ODE SOMOADABDOBKE
fizep 238y HeffTpOHAMH C HouallbHHEME dHEDPTruAME 5-I4 MaB, HeoOXOAMMO HDH DA3pPACOTEe DPEAKTOPOB Ha
OHCTPHX HefiTpOHaX M GISHEETA TODMORZEPHOI'O DEAKTODA,

K HECTOAWEMY BDEMEEK HMEETCH MANO JKCIEDUMOHTAZBEHX ZANENX O Taxux cuiexrpax [I-5] . B zmamaso-
He sHeprult mapapmux Hefrpopos I0-I4 MaB BooOme TPYAHO OXHAATH NOABIGHEA B (amxalimee BpeNA Henex~
HMY SECIODHMGHETANBHNMX ZAERHX BBEAY OTCYPCTBMA FEFKOAOCTYNHHX HCTOUHNKOB MOHOSHEDreoTHYECEAX Heff~
TPOHOB, [[02TOMy NPEACTABIAGT MHETEDEC ONEHATH 3TE CIOKTDH C NOMONBD DACUETOB, OCHOBAHEHX HA COB~
POMOHHNX MOAGABHHX NPEICTABIOHMAX O NPOTEKABKEE AASPEHX Deakmuil,

B nemnoff padoTe OCHOBHOe BHUMAHHE YAEISHO DAcueTy CHEETPOB HCHADEHNA HOUTTUHOB, CHGRTDH Hel-
TPOHOB ZEIUCGHEA DACCYUTHBANACH NO SMINEpRYECHO) ¢opuyme Teppeaza. B IDANOXGHMR IDRBEAGHH WHuCIOBHE
ZSHEHE BCEX PACCURTAHEHX CINOEKTDOB, CYMMADHHe CHGKTDH 3MRCCHR HOMTDOHOB NDEBeZEHH C NOXBN 00aer—
YXTH CPABHGHME HOBHX SKCHODHMEHTANBHHX ZAHEHX C De3yIFTRTAME DacueToB,

I. CnexTp HeRTPOHOB HCIADEHRA

[lox CnexTPOM HCHAPEHHA HellrpOHOB MO 238y OyAeM NOHMMATH HeHTDOHH N3 peakmuii (n, n’b* . (n,2n),
(n,n's), (ny30), (n, 2nf). _

flpm omHCaEmd NEepPBOHAYANBHOTO B3GHMOAGHCTEMA HEOHTDOHOB C AApAME 238y HCHOABSOBRHO D8 3NCHGREO
Peaxnuit Ha NPEAPABHOBECHNHe M PABHOBECEHE, Peammus (n,2n), (n,3n), (n,2nf) omnmcwBapT:d B paMEaX
NOCXOZOBATOABHOTO NCHApeHHA. [pexnonaragrcC, YTO HEHTPOHH BTOPOr'O H TPETHEro ESCKSXOB HCHYCKanT-
CA BCErja, KOTAa 570 SHEPreTHYECKH BOSMOERO, NS OCTATOYHHX fjep, HAXORAWNXCH = COCTOSENE TEDMOAR-
HAMHYECEOTO DAaBHOBOCHA. ' '

Kag yxe OTMEYaIOCh B pasoTe [6] , HaNCOABERY HHTEPEC NDE ONEHRe CHERTDOB BCHAPCHES HefrDOHOB
L] 2 IpeACTaBISET yYeT HellTpOROB, NCHYCEAGMHX B IpONecCe NPeADABHOBECHOTO pacHaza fApa. B 06-
HeM CXy4ae yueT OPeXDPABHOBECHON SMECCHNE XeX8eT CHEK?TD YACTHN, NCHYCKAGMHX BOBCYRACREHME HADaMH,
fonee ®OCTEEM. [0 CDABHEHND CO CHOETPOM, PACCUMTAHHEM B DAMEAY TOXLEO CTATECTEYecEOM MoZemm. Jax
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ASAAWAXCHA ANED CIEKTD MCNapeHuds HeATPOHOB ZONEEH GHTH eme Olie€ EECTKUM B CHIY CAEILyNHMX COOGpa-
zeHrll, lleneHue NPOMCXOZMT NOCJE XOCTUEGEMA AADOM DABHOBECHOI'O COCTOHHMA U He KOKET KOHKYDMDOBATh
C nperpaBHOBECHO! 3uMCCHed. Beamuuna noczeznell cnao M3MeHAETCH OT AApPA K AAPY, CAEIOBaTedbHO,
Zonf NpeZPaBHOBECHEX HEUTPOHOB B CHEKTPe OyZAeT CONBNE A1 AENANMXCA AZEP NO CPaBHEHRD C AADPaMU,
¥ ROTODHX OCHOBEHM fIBJIAETCA NPOLECC MCNYCKAHMA HERTPOHOB, [l09TOMYy yueT NpPeZpPABHOBECHOH IMECCHUM
HEOOXOXuM ZNA OOJee NpaBMABHOM OenkM fopMu CNeKTpa M ceuexnlt peanunit (n,n‘y),(n,Zn).

B mHTepBaie 2HeDruii COMOAPAMPYREMX HeHTPOHOB OT 5 MaB 70 nmopora peakuuii (n,2nf) n(n,3n),
pasioro II,5 M3B, cnexTpu ECNapeR®s PACCUMTHBANUCH NOAOGHO TOMY, KaK aTO CZen3Ho B pacote [7].

Inf onucaHmA CNEKTPa NpeAPaBHOEECHOR 3MMCCHM HeWTDOHOB NFP(E) MCNIONB30BANACh IKCUTOHHAA MO~
zens Tpudduna [8] , nonyumsmas ZarbHefimee pasBMTRE B padorax [9]. BHAUEHME MATDMUUHOTO 3NEMEHTE
IBYX4YaCTUYHOI'O B3auMMOACHCTBUA, 3HZHME KOTOPOTO HEOOXOAUMO ANA BHUNCIJEHNSA aGCONDTHHX BEJWUMH ceue-
HEufl IpeZpaBHOBECHOT'O pacnafia, OHAC B3ATO TaKuM Xe, kax B padore [I0] , ©Zie OHO GHIO MONYYEHO Ma
aHam¥38 XeCTKOlW KOMIOHEHTH CIEeKTPCB HeYIpYyroro pacCefinus HeHTDPOHOB,

CnexTp HEeJATPOHOB NEPBOrO KACKAaza Nf(E) U3 DABHOBECHOT'O COCTOAHMA BHUMCHAJCH IO GOpMyNe
Baficronda ¢ napameTpaMu NAOTHOCTH ypoBHEl, yuuTHBawuMM¥ BINAHUE KOILJEKTUBHHX IBMKeHul B axpe [II],
¥ HODMMpDOBAACAl Ha Ceyenue

Bps— G(n.,f) - aneg.
31ech Bugs — CeueHme NOrIOWEeHMst COMGAPIMPYNIUMX HE#TPOHOEB ALDOM
Mozean pacotw [I2];
G(nf) ~ ceuerue peaxudn (n,f) ANA U B3ATO &3 pacdorH [I3];
6nPe - CEeueHu& MCNyCHAHMH HeliTPOHOB AZDOM ypaHA B NpOUECCe NPeAPaBHOBECHOTO pacnafia.

Cnexrtp uev?'rpouoa BTODOT'O KacKajyia peakuyu (n, 2n) PECCUUTHBAJCH B PAMKaX KOAENHM NOCIEIOBATENb-
HOI'O MCHAapeHKA W HODMHPOBAJCA HA BEINUHMHY 6(n,2n)/[6(n,2n)+ 6(n,n’_f)] . SHaueHUA CeYeHUl peaxinu
6(n,n'f) ¥ &(n,2n)  BIATH 43 Pavor [15-15].

Kpoie CIEXTDOB HeHTPOHOB HCNADEHHA DPACC MTHBAJOCH CEUEHME PEearumu (n,n'y)

En
6(n,np)={  N@®QE,
En-Q2n
rae  N,(E)= N:‘p(E)»fo(E) - CyuMMapHHI COEKTp HelTPOHOB NEPBOTO HACKAAa;
E, - Ha4aNbHEA SHEDIEA SoMGapmapyImX HeATPOHOB}
Qy— TOPOT pEaKIMA (n,2n ), KOTODHH 1A ypaHa OpaKTHHYEeCKA DPaBEH OPOTY peax-—
mm (1, n'f).

[ipy sHeprau GouGapIupynmUX HeftporoB II - I4 M3B CNEKTpR RCIApeHNA HEHTPOHOB ONMCHBANNCE Cle—
AYDIMM O0pasoM.

CnerTp HeJTDPOHGB NEPBOTO KaCKRajla MCNADEHMA M CEUEHHE DeaKmuu (n,n'Jc ) paccuaTHBaAMCh TaK Ee,

XaK ONKCAHO BHEE.

InA BuuUMCAEHHA CYMMApHOrO CHERTpa (dﬁ/dl:'))p abn He/ITPOHOB, MUCNYWMEHHHX U3 DABHOBECHOI'O COCTOfi=-

HEA, HCNONB30BAlach 8BMCHMOCTD, NpefaoEenHas lekyTepom [I8]:

B
(%(g_)P“ =AE" exp {— 12}':/11'1'} ’ (D
\

rze T ~ pacCuuTHBANOCh NO NapaMeTpaM NAOTHOCTM ypomHed padorw [I1]. KoapdunuesT A noayyer us
JCIOBRA HOPM:DOBK: CMeXTpa, ONMCHBAEeMOIo (fopuyZo# JleRyTepa, K CeUEHU0

5”’a'6"=6(n,n’34)+ 26(n,2n) + 36(n,3n) + 6(n,n's)+ 26(n,2nf)-6

B pacyeTax UCIOAB30BANUCE CEYSHMA U3 DACGOT {13,15,16].

PacueT CyuMapHCTO CIEKTpa HEHTDPOHOB, UCNYCKAEMHX K3 DABHOBECHOTO COCTOfHMA, C MOMOLBN BHpaxe-
HEA (I) He nolNRe:d NpABECTK K CymecTBEHHON OmEOKE, TAaK KaK yEe¢ NIDM SHEPTMM NaZawmuX HEUTPOHOB
I0 MaB TaxO#f CIEKTP MAJNO OTIMYAETCH OT CNEKTD8, B KOTOPOM HEHTPOHH BTOPOTO KACKaja PacCUuTHBAIUCH
B paMEax MOJeIW NOCIEeNOBATENBHOTO HCIADEeHHA.

Ha pEc.] npuBezers paCCUMTaHHAA (yHKUMA BOSCyEZeHus Deakuuu (n,n'y ), Ha puC.2 NOKA33HO CpaB~
HEeHHEe DACCUMTAHHOTO ClEeK?Tpa MCIapeHMd HEUTDOHOB C IKCNEDUMEHTANBHEM  IJIA JHEPr¥y Najanmmx
Heltrporos 14,3 M3B [5].

2
3811, PaCCUMTaHO N[O ONTUYECHOH
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w
= 5
r= o
< =
2
3 L3
10 43
o=
3
102 w0 1 A A 1 | . L
4 5 6 7 8 9 10 # 2 5 44 E(MB) 0 2 4 6 8 i0 12 E M8
Puc.I Ceuenne peaxuuu (n,rﬂr ) Ea 238y ‘Puc.2. Cnexrp He#TPOHOB amMccuu np E = I4,3 MeB:
~ ~ — NpELPaBHOBECHHH; —-—-— paBHOBEC~
HHH, CyMMaPHHH

2. CnexTpH HeHWTDPOHOB JeneRUuf

ChnexTp HeUTPOHOB ZXeJigEMA BHUMCAANUCE MO Hopuyne
Noe”(E)=A}/E‘ea:p {— E/’I‘?} ) (2)
A OnpefeNANoch W3 YCIOBAH HODMMDOBKM CHEKTpa, ONUCHBaemoro gopmyaoh (2), : CeueHdwn
6% . V6, - 6(n,n's)- 26(n,2nf) ,

rze 6{___@(,1’ )+6(n,n’f)+26(n,2nf); Y - cpeinee HUCIO HeﬁTpQHOB, MCNyCKaeMuX NDH JeJeHau,; ¥
B3ATO #3 pacotu [I6] ; 6(n,f), 6(n,nf), 6(n,2nf) B3ATO 3 padoTs [I3].]lam OnpeleleHMA NapaMerpa
T9 UCIOXB30BAJOCH COOTHOWEHME, BIePBHE NpPeAJoxeHHOe Teppemnox,

Tg= 0,5 + 0,43 (¥ + D2,
Bupozn

Yuer npeZpaBHOBECHOW 3SMMCCHY HEWTPOHOB NDUBOZUT K XODOMEMY COrjac#dp DAcUeTOB U 3KCHSDHMEHTa
(cm,prc,<kllpu 9TOM NapaMeTpH NIOTHOCTY ypoBHEH, HEOGXOZMMHE AJA BHYMCIEHUA CIOEKTPOB 3MMACCHY Hel-
TPOHOB #3 PABHOBECHOTO COCTOSIHMA,MMENT 3HAYEHMA, NDEAJOXREHHNE B pacorTe (11].

[lo-BUAMMOMY, MOXHO CZAEJaTh BWBOZ, YTO Y4YeT NPEeAPaBHOBECHOA 3MMCCHM HEUTPOHCB :7e00XORMM AuAA
NPaBRABHON ONEHKM CeyeHuit Da3/MUHHX DEaKUMHA W CNSKTPOB HCHADEHUA HEUTDPOHOB NMpU GOMCAPARPOBEE
fixep HelTpOHauK, :

YucJOBHE XAHHHE ZJfA BCEX PACCUMTAHHWX CNEKTPOB IpUBEIEHH B ODHAOECHMH.



CrnexTpH HefiTDOBOB KCINALSHAE ¥ ZeISHMA
(E - SHepr#a BHAETapmux HeHTDOHOB,

HeltrpoHoB), MO/M3B

[lpunoxrenne

E, - 9HepruA Nazaomux

E Cnexrp CnexTp CyuuapuuﬁlCnepr Cnerrp | CyumapHwuit
Maﬁ ucnapeHuda; AedeHBA CHEKTD |ucnapeHus | AeleHBA CIIEKTD
E, =5MB E, =6 MaB
0,2 1356,6 428,2 | I784,9 i\ 1117,0 485,9 | 1602,9
0,4 1845,9 523,8 | 2369,7 || 1577,8 595,7 | 2173,5
0,6 1870,0 555,0 | 2425,0 || 1663,2 632,5 | 2295,7
0,8 1672,3 554,4 | 2226,7 | 155I,3 633,1 | 2184,4
1,0 1593, 4 83,2 | 1929,6 | 185I,2 613,6 | 19,8
1,2 1111,4 508,1 | 1619,5 | 1129, 582,7 | I71I,8
1,4 858,2 474,8 | 1333,0 | 914,8 545,6 | I1460,4
1,6 648,1 4%9,1 | 1087,2 i 1725,6 505,6 | I23I,2
1,8 482,8 402,9 885,7 | 567,4 464,9 | 1022,3
2,0 %7,9 | 367,4 725,3 || 440,4 424,8 865, 2
2,2 26%,6 | 333,3 595,9 || 338,0 86,2 72h,2
2,4 97,2 | 301,2 498,4 || 261,6 49,7 611,3
2,6 11,0 | 271,2 422,2 1l 205,4 315,5 520,9
2,8 118,9 245,5 32,4 || 164,38 28,8 448,1
3,0 9,53 218,0 214,53 i‘ 14,4 254 ,7 589, 1
3,2 79,7 1%4,8 274,5 || 1I2,0 228,0 340,0
S, €7,2 172,7 241,0 i 95,5 | 203,8 299, 3
3,5 £7,5 I54,6 212,1 ! 83,0 | 18I,8 264,8
Z,8 47,2 17,4 I84,6 + 782  161,9 235, 1
4,0 40,8 | 122,0 162,3 || 65,3 | TI44,0 209,3
4,2 3,5 108, 1 41,6 | 59,0  T127,9 | 186,9
4,4 6,2 95,7 121,9 83,2 | II3,5 | 166,7
4,6 18,2 84,7 . 102,9 . 47,4 | 100,6 148,0
4,8 9,5 | 74,8 | 84,3 | 4I,3 | 89,1 130,4
5,0 C 88,1 | 66,1 85,5 | 78,8 14,3
5,2 ! 29,5 69,7 99,2
5,4 i 22,9 61,5 B4, 4
5,6 § I 15,8 54,5 70,1
5,8 2 8,2 47,9 56,1
€,0 { 42,3 2,3

E,=7 MoB | i E, = 8 MeB
2,2 2297,7 705,8 | 5007,5 | 3205,7 766,8 | $972,5
0,4 1805,6 871,1 | 2676,7 1[2922,5 %I, 9 | 38644
0,6 1522,5 925,8 | 2448,3 || 2514,7 1002,0 | 3:16,7
0,8 1352,6 R7,6 | 2280,2 tlsou,o 1005,0 | 2809,0
1,0 1207,6 900,0 | 2107.6 | 1407,4 976,1 | 2574,5
0,2 1044,8 855,5 | 1900,3 |1I1I5,0 928,7 | 2043,7
1,4 877,6 801,8 | 1879,4 i 897,6 871,4 | 1769,0
1,6 722,0 743,8 | 1465,8 |\ 740,3 809,1 | I549,4
1,8 585,6 684,6 | 1270,2 |% 610,0 745,5 | 1355,5
1 i
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[ipoposxense OpENOXSHEA

E, Cnexrp Cnexrrp CyunapnuﬁlCneRTp Cnexrp |Cymmapmuit
MaB UCnapeHdsl| ZAeleHMd | CIEKTD WCNAPEHRA| ZeNerns |CHOeHTD
B, =7 MsB E, = 8 MaB
2,0 471,0 626,2 1097,2 502,5 682,6 1185,1
2,2 z,8 569,9 %3,7 L0n,% 621,8 1029,5
2,4 298, 1 816,6 814,7 331,7 564, 2 895, 9
2,6 240,0 466,6 706,6 271,4 510,1 781,5
2,8 195,8 420,1 615,9 224,2 459,8 684,0
3,0 162,3 377,4 539,7 187,4 413,4 600,8
3,2 136,5 338,2 474 7 158,3 .| 370,8 529,1
3,4 117,0 202,5 419,5 13,0 332,0 468,0
5,6 102,2 270,1 372,3 118,7 296,8 415,5
5,8 90,8 240,8 331,6 105,3 264,9 370,2
4,0 81,8 2I4,4 296,2 9,8 236,0 330,8
4,2 75,1 190,6 265,7 87,2 210,1 297,3
4,4 69,4 169,3 238,7 80,8 186,8 267,6
4,6 64,2 150,2 214, 4 75,3 165,9 41,2
4,8 59,5 125,2 19,5 70,4 147,2 217,6
5,0 54,6 117,9 172,5 66,0 130,5 196,5
5,2 50,2 104,4 154,6 62,1 115,6 177,7
S,4 45,6 92,3 137,9 58,3 102,3 150,6
5,6 40,7 81,6 122,3 54,3 90,5 Thk, 8
5,8 35,6 72,0 107,6 50,3 80,0 130,3
6,0 30, 3 62,6 93,9 bs,2 70,7 116,9
8,2 24,5 56,1 80,6 41,6 62,4 104,0
6,4 18,7 49,4 68,1 37,1 55,1 92,2
6,6 12,7 42,6 56,3 32,7 48,6 81,3
8,8 6,5 38,4 44,9 28,3 42,8 71,1
7,0 33,8 33,8 23,9 37,8 61,7
7,2 19,4 33,3 52,7
7.4 14,9 29,3 44,2
7,6 10,1 25,8 35,9
7,8 5,2 22,7 27,9
8,0 ) 20,0 20,0
E,=9 MaB E,= 10 MaB
0,2 2587,9 787,9 3375, 8 2051,8 810,6 2862,4
0,4 2829,9 969,8 3799,7 2481,0 999,7 3480,7
0,6 2529,2 1033,7 3562, 9 2290,0 1067,6 57,6
0,8 2107,8 1038,8 3l46,6 2107,3 1074,9 3182,2
1,0 1695,8 1010,8 2706,6 1771,6 1048,0 2819,5
1,2 1246,9 963,7 2310,6 1453, 8 1001,0 2454, 8
1,4 1064,9 906, 0 1970,9 1175,3 942,8 2118,1
1,6 844, 1 842,9 1687,0 9%43,6 878,9 1822,
1,8 673,3 778,1 I451,4 756,6 812,9 1569,5
2,0 541,6 713,8 1255, 4 608, 2 %7,1 | 1355,83
2,2 435,2 651,6 99,8 487,7 683,3 1170,0
2,4 354,4 592,3 946,7 94,0 622,3 1016,3
2,6 293,1 536,6 829,7 323,0 564, 8 887,8
2,8 244, 9 Lgh,6 729,5 268,4 511,1 779,5
3,0 206,9 436,6 643,5 226,1 4e1,3 687,4
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[Iponosxenne IpPEAOXCHHEA

E. Cnegrp Cnerrp | Cymuapuni ||Cuexrp Coextp .| Cymmapuutt
¥3B HCNABDEHEA | ZeneBRaA| CIEKTP HCIaPESHEA | AeXSHUS | CIEKTD
E =9 MaB E, = 10 MeB
3,2 176,2 392,4 568,68 192,¢ 415,4 608,0
3,4 152,1 352,0 504,1 166,5 373,4 539,0
3,6 133,2 31s5,3 48,5 I46,1 335,0 481,1
3,8 118,3 281,9 400,2 130,0 300,2 430,2
4,0 106,5 251,7 358, 2 I17,2 268,5 385,7
4,2 98,0 224,5 322,5 107,9 239,9 7,8
4,4 90,9 200,0 290,9 100,0 24,1 314,1
4,6 84,8 178,0 262,8 93,3 190,9 284,2
4,8 79,5 158,2 237,7 87,5 170,1 257,6
5,0 %,9 140,5 2I5,4 82,5 ISI,4 233,9
5,2 71,0 124,7 198,7 78,4 124,6 213,0
5,4 67,3 110,6 177,9 74,6 119,6 I%H,2
5,6 63,6 98,0 161,6 70,8 106,2 177,0
5,8 59,9 86,8 146,7 67,2 9%,2 161,4
6,0 56,2 76,9 I33,1 63,5 83,6 I47,1
6,2 52,1 68,0 120,1 59,5 %,1 133,6
6,4 48,1 60,1 108,2 55,7 65,6 121,3
6,6 44,4 53,2 97,6 52,1 58,1 110,2
6,8 40,7 47,0 87,7 48,8 51,4 100,2
7,0 3,2 41,5 78,7 45,6 45,5 90,1
7,2 33,8 3,6 70,4 42,7 40,2 82,9
7,4 30,3 32,3 62,6 39,8 35,6 75,4
7,6 26,9 28,5 55,4 - 36,9 31,4 68,3
7,8 23,3 25,1 48,4 34,1 27,8 61,9
8,0 19,7 22,1 41,8 31,2 24,5 55,7
8,2 16,1 19,5 35,6 28,4 21,7 80,1
8,4 12,3 17,2 29,5 25,4 19,1 44,6
8,6 8,4 15,1 23,5 22,6 16,9 39,5
8,8 4,3 13,3 17,6 19,6 I4,9 34,5
9,0 11,7 11,7 16,5 13,1 29,6
9,2 13,2 11,6 24,8
9,4 10,0 10,2 20,2
9,6 6,7 9,0 15,7
9,8 3,4 7,9 11,3
10,0 7,0 7,0
E,= II MaB ' E,= I2 MsB

0,2 I404,2 682,0 2086, 2 1276,4 675,8 I1952,2
0,4 1493,7 841,9 2335,6 1379,2 834,9 2214,1
0,6 1379,4 899,9 | * 2279,3 1293,5 893,3 2186,8
0,8 1205,8 906, 9 2112,7 1148,1 901, 1 2049,2
1,0 1026,1 885,0 I911,1 991,7 880,1 1871,8
1,2 861,2 B4, 2 1707,4 Bltt, 2 842,2 1687,7
I,4 718,2 97,7 1515,9 714,3 79,7 1509,0
1,6 598, 3 44,3 1342,6 602,9 742,2 | I345,1
1,8 £99,6 689,0 1188,6 509,7 687,7 1197,4
2,0 4719,4 633,9 1053,3 432,7 633,3 1066,0
2,2 354,7 580, 3 935,0 369.6 580,2 949,8
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lIponoskende MpUIOXEHEA

E ' CnexTp Cnextp |Cysmmaprsit |[Coexrp Cnerrp |CyummapHR#t '
M3B HONADEHMA | KeNeHHA | CHeKTP UCIApeHHA| AENEERS | CI6KTD
E, = II M3B E, = 12 MsB
2,4 302,8 529,0 8sl,2 518,2 529, 4 847,6
2,6 261,2 480,5 7%1,7 276, 3 481,4 757,7
2,8 227,8 .| 435,3 663, 1 242,3 | 436,4 678,7
3,0 200,9 393,2 5%, 1 214,5 3%4,6 609, 1
3,2 179,2 354,5 533,7 191, 8 356, 1 547,9
3,4 161,4 318,9 480, 3 173,1 320,6 93,7
3,6 146,9 286,4 433,3 157,5 288,2 845,7
2,8 14,7 256, 8 391,5 144,5 258,7 4083, 2
4,0 124,5 230,0 354,5 133,68 231,9 35,5
4,2 115,8 205,7 321,5 I24,2 207,6 831,8
4,4 108,3 183,7 292,0 116,1 185,6 301,7
4,6 101,8 I64,0 265,8 109,0 165,8 274,8
4,8 95,9 146,2 242,1 102,7 47,9 250,6
5,0 90,7 130,2 220,9 97,1 131,9 229,0
5,2 85,9 115,9 201,8 92,0 117,5 209,5
5,4 81,5 103,1 184,6 87,4 104,6 192,0
5,6 77,4 91,6 169,0 83,1 93,1 176,2
5,8 73,6 81,4 155,0 79,1 82,7 161,8
6,0 70,0 72,2 142,2 75,4 73,5 148,9
6,2 66,6 64,1 130,7 71,9 65,3 137,2
6,4 63,3 56,8 120,1 68,6 57,9 126,5
6,6 60,2 50, 4 110,6 65,5 51,4 116,9
6,8 57,2 k4,6 101,8 62,5 45,6 108,1
7,0 54,3 39,5 93,8 59,6 40,4 100,0
752 51,4 35,0 86,4 56,8 35,8 92,6
7,4 48,6 31,0 79,6 5, 1 31,7 85,8
7,6 45,9 27,4 73,3 51,5 28,1 79,6
7,8 43,2 24,2 67,4 49,0 24,8 73,8
8,0 40,6 21,4 62,0 46,5 22,0 68,5
8,2 38,0 18,9 56,9 44,1 19,4 63,5
8,4 35,4 16,7 52,1 41,7 17,2 58,9
8,6 52,8 14,8 47,6 39,4 | 15,2 54,6
8,8 30,3 13,0 43,3 3,1 | I34 50,5
9,0 27,7 11,5 39,2 34,9 1,9 k6,3
9,2 25,1 10,1 35,2 32,6 19,5 43,7
9,4 22,6 9,0 31,6 30,4 9,3 a7
9,6 19,9 7,9 27,8 28,2 8,2 3,4
9,8 17,3 7,0 24,3 26,0 7,2 23,2
10,0 14,6 6,1 20,7 23,8 6.4 50,2
10,2 11,8 5,4 17,2 21,6 5,6 27,2
10,4 9,0 4,8 13,8 19,% 5,0 24,3
10,6 6,1 4,2 10,3 17,1 G4 21,5
10,8 3,1 3,7 6,8 14,8 3,9 18,7
11,0 3,3 3,3 12,5 3,4 15,9
11,2 10,1 3,0 13,1
II,4 7,7 2,6 10,3
11,6 5,2 2,3 7,5
11,8 2,6 2,0 4,8
12,0 : L8 1,8




[IpononxeHne TpPENOXEHASA
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Coexrp Coerwp | CyummapruitfiCnexrrp Cnexrp [CyMmapHHi
HCIapOHEs AOJeHRAs | CNeKTD HCIIaPOHRA AeloHna ([COeKTD
E, = 13 MaB , E, = T4,4 MaB

1161,8 663,5 | 1825,3 1942,4 1048,2 | 2990,6
1272,8 821,2 | 2094,0 2138,5 1298,5 | 3437,0
1210,0 880,2 | 2090,2 2041,1 1393,0 | 3434,1
1088, 4 889,5 | 1977,9 1840,6 1409,0 | 3249,6
952,6 870,4 | 1823,0 1611,4 1379,8 | 2991,2
821,7 834,4 | 1656,1 1387,0 1324,0 | 2711,0
703,6 788,8 | I492,4 1181,8 1252,7 | 2434,5
600,9 738,0 | 1338,9 1001, 4 1173,1 | 2174,5
513,6 685,0 | 1198,6 846, 4 1089,9 | 1936,3
440,5 632,0 | 1072,5 715,4 1006,3 | 1721,7
379, 580,1| 959,8 605,8 924,5 | 1530,3
329,4 630,2 | 859,6 5I4,8 845,8 .| 1360,6
288,0 483,0 | 771,0 439,6 771,1 | 1210,7
253,9 438,7 | 692,6 377,7 701,0 | 1078,7
225,8 397,4 | 623,2 326,7 635,6 | 962,3
202,5 359,2 | 56I,7 284,8 575,0 | 859,8
183,1 324,01 507,1 250,3 $19,2 | 769,5
166,9 291,8 | 458,7 221,8 467,9 | 689,7
153,2 262,4 . 415,6 198,2 421,1 | 619,83
141,6 235,6 | B17,2 i 178,6 378,65 | 557,1
131,6 211,3| 352,9 | 162,2 339,7 | 01,9
122,9 189,2 | 312,1 | 148,3 304,6 | 452,9
115,4 169,3 | 284,7 | 136,6 272,8 | 409,4
108,7 151,4 . 260,I | 126,6 44,1 | 370,7
. 102,7 188,2 | 237,9 1 117,9 218,2 33,1
97,3 120,7 | 218,0 | IIO,4 I4,9 | 305,3
92,5 107,6 | 200,1 || 103,7 174,0 | 27%,7
88,0 95,91 183,9 | 97,0 155,2 | 253,1
83,8 85,4 169,2 | 92,6 138,4 | 231,0
80,0 76,1 | 15,1 | 87,8 123,3 | 2II,I
76,4 67,7 | Th4,I 83,5 109,8 | 193,3
73,0 |. 60,2 | 133,2 ! 79,6 7,7 | 177,3
69,8 53,5 | 123,3 | 75,9 86,9 | 162,8
66,7 47,5 II4,2 | 72,5 77,3 | 149,8
6,8 | 42,2 106,0 | 69,8 68,7 138,0
61,0 | 37,4 98,4 66,3 61,0 | 127,3
58,4 33,2 91,6 63,5 54,2 | I117,7
55,8 29,5 85,3 60,8 . 48,1 108,9
53,2 ! 26,1 79,4 58,3 42,7 | 101,0
50,9 . 23,1 74,0 55,9 37,9 93,8
48,6 20,5 69,1 53,6 33,6 87,2
46,4 18,2 64,6 51,3 29,8 8I,I
4,2 16,1 60,3 49,2 26,4 25,6
42,0 | 14,2 56,2 47,1 23,4 70,5
43,0 12,6 | - 52,6 45,1 20,7 | 65,8
37,9 11,2 49,1 48,2 18,3 61,5
35,9 9,9 45,8 41,3 16,2 57,5
75,9 8,71 42,6 39,4 T4, 4 53,8
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OxoRYaHNEe MPEIORSHES

E, Cnexrp Cnexrp Cymuapunit || Cnerrp Cnexrp |Cymmapauit
M3B | BCHApeHER| AeNeRRR | CIEKTD HBCOaDeHRA | ZeXeHHEA | CIEKTD
E, =13 MeB E, =14 MeB

9,8 31,9 7,7 39,6 37,6 12,7 50,3
10,0 20,0 6,8 3,8 35,9 11,3 47,2
10,2 28,1 6,0 4,1 3,1 10,0 44,1
10,4 26,2 5,3 31,5 32,5 8,8 41,3
10,6 24,3 4,7 29,0 30,8 7,8 38,6
10,8 22,4 4,2 26,6 29,2 6,9 3,1
11,0 20,5 3,7 24,2 27,6 6,1 33,7
I1,2 18,5 3,2 21,7 26,0 S, 4 3L,4
11,4 16,6 2,9 19,5 4,4 4,8 29,2
11,6 I4,7 2,5 17,2 22,9 4,2 27,1
11,8 12,7 2,2 14,9 21,3 3,7 25,0
12,0 10,7 2,0 12,7 19,8 3,3 23,1
12,2 8,6 1,7 10,3 18,2 2,9 2I, 1
12,4 6,6 I,5 8,1 16,7 2,6 19,3
12,6 4,4 I,4 5,8 15,1 2,3 17,4
I2,8 2,2 I,2 3,4 13,5 2,0 15,5
13,0 II II 11,9 I8 13,7
13,2 10,3 1,6 11,9
13,4 8,7 L4 10,1
13,6 7,0 L2 8,2
13,8 5,3 I,I 6,4
I4,0 3,6 0,9 4,5
14,2 1,8 0,8 2,6
I4,4 0,7 0,7
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[TPOHULAEMOCTD IBYT'OPEQI'O BAPLEPA,
ANIPOXCUMUPOBAHHOI'O TPEMA CONPAXEHHHINY ITAPABOJAMU

B.C.

MacreposB, AACeperus

THE PENETRABILITY THROUGH THE TWO-PEAKED FISSIM BARRIER
APPROXIMATED BY THREE PARABOLAS. The penetrability is cal-
culated in guasiclassical approximation for the two-peaked
barrier defined us two parabolic peaks connected smoothly
by a third parabola forming the intermediate well, The re-
sults are compared with the numerical sg% tion of Schredin-
ger equaticn., The specific results for are reported,

I. B nocmezsue TOAH B JU3MKe ZEJNEHUA aTOMHODO fZpa YCIEWHO pas3-

BMBAETCA NpeACTaBiaeHde O ABYropooM Gaphepe Zedeuus [I,2]. B HACTOAmEE BPEMA YHe BHIOJHEHO MHOI'O
PagoT, B KOTODHX IPOEUIAEMOCTH ABYrOpooro (aphepa PaCCUUTHEANACH B KBAa3UKIACCRUECKOM NDUGANEEHMH
[3] unm uucneHHO HAXOAMAACH AJA NPOCTeRUMX AnnpOKCHwauuii IByropooro Gapkepa U3 DEmEeHWA ypaBHEHMA
Upezunrepa [4-7] . B padore:[8] B OTamume OT PACOTH [ 3] B KBABMKAACCHUECKOM NDUCIMKEHMM HONYUEHH
aHaNUTHUECKUE BHDAEEHMH AIA NPOHMULAEMOCTU ZABYTOpOOTO Gapbepa He TOABKO AJA NOAGApbEpHOTO Ciyvad,
HO # TOlZa, ROT'ZA 3HEPr'ud Nagapmell YaCTMLH PaBHA WUIK Aage (OabNe BHCOTH 0aphkepa. Ilo CpaBHEHHR C
YACTEHEHMA METOJiaMM DacueTa NPOHMIAEGMOCTH IBYTOPOOTO Gapbepa NOJYYEHHHE BUPAECHMA NDUMERNMH AJA
ApCOo# anmpoxcuManum O0apbepa, HATAALHW, MNPOCTH ¥ JAOGHH AJA aHANN3Q IKCNEDUMEHTAJMbHHX AGHHHX.

B mHacToAme# padoTe B KBASMKNACCMUECKOM NDUCIMEEHEmA N0 (ODMyJNaM pPacoTH [8] OnpenenseTcsi HpOHM~
0aeMOCTh JBYrOpooro §apbepa, SNNPOKCHMMMPOBAHHOI'O TPeMA CONDSEEHHHMM napadoliamv. PesyabTaTH pac-
4YeTa CPaBHUBAKWTCA C DE3YNBTATAMEM YMCJIEHHOTO DaCueTa NpPOHMLAEMOCTH ABYTOpPGOTO 6apbepa, MNOJMYUYEHHH-
M¥ W3 pemeHMs ypaBHeHnMs Ipepurrepa ZJiA KOHKDETHOT'O Gaphkepa, [IDMBOLATCA DPe3yAbTaTH PacyeTOB NpO-
HEil8EMOCTH ZEBYTOPOHX GapbepoB Zerzenus I,0 u I1 azma azpa U.

2. HeOOXOZHNMO OTMETHTH, UYTO NpHM NOJNYYEHMH ABHAMNTUYECKUX BHpaKeHM# NPOHULAEMOCTH IBYTOpPGOTO
§ap:epa B KBASHKIACCHMYECKOM NPUGIMEEHMAM UCNONB30BANCA MeTo] llBaaHa, KOTODH{ OTAMYaeTcsi OT XOpOmWO
K3BeCTROTO MeTOoRa BXE. OCHOBHOE OTJUYME ITUX METOLOB 38KINYAETCA B TOM, UTO B MeTozne BKD kBazu-
KIGCCHYECKHE DEmEeHHS N0 00e CTODGHW OT TOUKM NOBOpOTa "cmuBawTcA" Ha AelCTBUTENBHON OCHM, NpUBLE-
Kafg TOYHOe pemeHue BOIM3E CaMOfi TOUKM noBopoTa. B ueroze llBaaHa KBaBMKAACCHYECKHe DENEHUA IO 06e
CTODOHH OT TOUKM NOBODOTA AHAIWTUUECKM NPOZOJEKANTCH B KOMIJIEKCHYO NIOCKOCTH # CHABADTCH, OOXONAT
TOYKY NOBOPOT& B KOMINIEKCHONM NIOCKOCTH, C yueToM fBieH#s CTOKCA. JTO NO3BOJAET B MeToZe l[BaaHa
eCTeCTBEHHEM 00pa30M DaCCMaTDUBATE Kax ZelicTBaTenbine (BKBE), Tak ¥ ROMIJEHCHHE TOUKA NOBOPOTA.
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llocnenree 0COGEHBO Ba#wHO MPW PACCMOTDEHMM HAZGAapPBEpPHOM NPOHMLBEMOCTH M ZPYrAX NONPaBOK, CBA3GH-
HHX C KOMNIEKCHHMA TOYKAMA NIOBOPOTA. C OCHOBHHMM MAESIMM METOAs l[BaaHa, MX DA3BATHAENM M NDUMEHEHH-
€M K Da3IRypEHM 3afayaM QU3HKM MOZHO NO3HAKOMUTHCA HO
o) _ pagore NoxHomapesa [9].
g | 4w 3. [lycTh MOTOK YaCTHI, NajaeT CleBa HaNpPAaBO HA IO~
TeHUUalbHHE Gapbep v (x), H30CpaxeiHui Ha puc.I., Tor-

Eq __",___ /SRR [ N S © Ja clieBa OT AByropooro ¢apbepa UMESM CYNEpIo 3u-
_ O¥p NaZapliero W OTDAXEHHOI'O NOTOKA,&8 CHPaB& — IPOmEIw

(I Iero HOTOKa, COrfacHO pagore [8] , HuZe npaBeZen
BHpaReHUA ANA NPOHUNAEMOCTH ABYyTropdoro Gaphepa B 4e-

Epb—=]- == —- THDEX 3HEPreTUYECKMX o0nacTAXx (0GO3HAUEHH DRMCREMA

I
I
I
.
|
| nudpaun na puc.I).
: [Ipu sHepruu vacTuus B >E1, T.e, B ofaacT¥ I, Opo-
('1 X, o HULAEMOCTH IBYropgoro 6apbepa ONDeLEAseTCH ABYMA Ha~
! paNd CONPAXSHHHX KOMOJEKCHHX TOUYEE HOBODOTA
= +1i = i

Puc,I. CxeuaTHueCroe m300paEeHUE ZBYTOD- 24,2 o = LRy %34 dytip, U HMEET BUZ

GOTO NOTERNUaNBHONO Gaphkepa AcleHmd v (x)
B 3aBUCHMOCTHM OT JHedopManpe X

|
|
!
|
!
|
|
|
|
X

3

_2(81+82)}"

PI={i+[(gied‘-92e62>2+49492e6"+6\20052(y1/2+co—3ﬂ2/2>]e ’ (1)
%p B
rRe a)=—;-LS ple)de, d‘i_=—:l-| 28 Rep(aL-L+'Lt)dt| ;

=) 0
1.8 ) -26;
o g ritar], geviee |

p(x)=[ 2B(E - vix)) "2 _ aumynee wacTams ¢ maccodl B m ¢ eEepraed E.

[Ips aHEpruM YACTHUIH EI>E >E3 OpOHMNAEeMOCTD ABYroploro 0aphepa ONpeAenseTcs ABYMA ZeHCTBATEND-
HHMR (X7 # X,)® JIBYMA CONDAXEHHHME nomnexcum(zsfdzti P,) TOURaME NOBODCT2 H HMEET BHZ

-1

ﬂ_ 6. 62 2 2k “262 2
P —{1+ [(h,—gge %)+ 4h,g,e “cos (“"3"2/2)]9 f , (2)
o x ma——y
{ 2 i 2 _ '2’('
w:-};xxzp(m)da:, k'.—.-ﬁgx’ p(x)dzx, hq- Vitre .
OcransHue OGO3HAUEHHA Te Xxe, 4YTO U B fopuyne (I).

B obnacrd I mpu Eg>E >E2 NPOBALAEMOCTE A BYropgoro Gaphkepa ONpelelii€TCA UETHDBMA ZeitcTeuTenb-
HHME TOYKAMH OOBODPOTA (xI. Xpy X5 B 14) ? HNOET CheZybluit BmA:

rie

~1

i 2k, +2k
Pm= {H [(hq“hz)z‘“ 4h'hzcos"’a)] e ! '2} N

2
%
OcransHué 0CO3HAUEHMA Te Xe, 4TO U B fopuyaax (I,2).
Hawonenm B oGnacte IV 1pu B <E2 NPOKALAEMOCTE XBYroploro 0aphbepa ONpeAelaeTCR IByMA ZeH-~

CTBUTENBHHME TOYKBME NOBOPOTA Xy H X, X HMEET BRA
W -1
P~ = {H ezk} ,

>

rze x, _ x, -
a),—_‘ES poydx, k =ihg paydx, h,=Vire ?
Ly



X,
TZe 4
= % g: px)dx

{
4. B pacuerax IOPOERLAEMOCTHM ABYTOpPOOTo Oapbepa NOTEHUMANBHH{ (aphep YAOOHO aNIPOKCHMHPOBaTh
TPOMA CONDAXEHHHMM Napacdonamu. [pm Taxoif annpoxcuManuu ABYrOopOu#t daphep XapaKTEpPH3YeTCA SHAUEHU-

fIME NOTEHUYANBHON SHEPrMH B KDRBA3IHAME B IKCTPEMAABHHX TOUKAX, T.e.
2

w, 2
E,-—5~(x-x) IpE T, <0,
2
rx) = E2+——3—(:r—:x:2)2 mpr a,<T<q,
2
Bw
E, ———“i(a: a:) mpr Q,<Z ,

2
npadeM OGHYHO LOIATALT, UTO Xy =1/2_E‘/Bw, .
W3 ycnosuA HeNpEpPHBHOCTH [OTEHIMANBHOU aHepraum v (X) ¥ ee NepBoit NpoM3BoZHOK Halizem, uTO

2\~ Y2
a-=x +1/2_(E-E)/Bw2 ({+&>
(RS t "2 1 w2 !

2

G w? -
:r:~=a.+1/(E E)/Bw (w,/w,) (-‘--{;—2) )

2

— W2\
a,= :x:+1/_(E -E,)/Bwt “F ,
3
2\~
w 2
.i 2
w“) (W, /@5)".
3
3anucas ypannenue llpezmunrepa B kaxzol o61acT¥ X CHAEAAB 3aMEHY NEPEMEHHHX €T =olz; 6-1=a(.a-1
2= (h/Bw )' 2 s MOEEM 33MMCaTh HEOOXOZMMOE BHDAREHME AJA NMIYyARCA B Kaxnon odnac'rn

]/ 2(E-E1)/hw1+(Z-Z‘)T‘ op# zgS’

p(x)= j/Z(E-Eg)/hw((wz/w{)z(z-zz)? opy 6 <1<8,

‘1/2(E-E3)/hw4+(wb/a)')2(z-zs)zj npu <z .

5. BcA pacueTHad cXeMa OHIa peairz0BaHa Ha AsHke ®OPTPAH zns wamunw EC-I030. Ha puc. 2 mpuse-
Z€H8 33BACHMOCTH NPOHMLAEMOCTH ABYI'OpGOre Gapbepa OT 3HEPraM, DACCUATAHHAA aBTODAMM JaHHOW CTATHH
A1 6apheps C napaMeTpaM¥ M3 padorTH [5] . 3TOoT pacueT pacCMarTpMBancH K4X TeCTOBHIt W CpaBHeHWe
DPe3YAFTaTOB 3TOTO DACYETZ C TOUHHMM MOXET CIYXETH OLEEKOW KBa3MKIBCCHUYECHOTO NDUOAUXKeHuA. Pesdyns-

Ty=a,+Y 2AE,-E,)/ Bw:

(‘I+

25 30 40 50 E,M3B

Puc.2. 38BECHMOCTD OPOHRIAEGMOCTH nngpop«
goro Gapbepa Or aneprn Ey = 5.
hw, = 1,25 Nas, B 0 BB, - ' -
hw, = 1,0-NaB, Eq = 5,b 3B hus 0,5 MeB bogP
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TaTH CPABHEHMR 3aHECERH B Ta0MuOy, M3 TaGAMION BHAHO, YTO OTHOCHTeIbHAS OBDMOKAa B ONPeACIEHHHX NO-
JOXeHuAX De3oHaHca nopAaka 0,5%, a 38BUCHMOCTH Gapbepa OT BHEPTEK C0Nee DEsSKaf, YeM B TOYHOM paC-

gere.

PesynpTaTH pacueTod NOACSDPHEPHEX DE3OHAECOB

AByIOpPGOTO Gaphepa C NapaMeTPaMM ¥3 PadoTH [5]

JHeprud pesoHaHca, MaB [IpOHULaeMOCTh B pesOHAHCE
PaGora Hacrosmas PagoTa Hacroamas
{51 pacoTa [5] padora
2,492 2,499 0,699:10" | 0,710.1078
3,430 3,443 0,349-107% | 0,400:10~3
4,215 4,228 0,115 0,138
4,811 4,836 0,785 0,740

Ha puc.3 npuBeeHN DACUETH 3ABUCHMOCTH ABYropdoro Gapbkepa AAf AZpA 236U, DPaCCURTAHEN® aBTODA-
MK CTATHHM C TapaMerpaum 0apbepoB U3 padors [I0].

50 60 70  E,MaB

a)

P .

Puc.3., 3a3BECHUMOCTH nponuuaeuocr55ggyropcoro Gapbe-
]

i
]

Pa nexzerus OT 3HepruM AAs AIpa C TIapaMeTpaMH,
PEKOMEHTOBAEEHME B pagore [I0] :

a - napamerpH Oapsepa I°, O BEr = 6,6 MaB, hw, =
7,0 uab E, = 2B M58, fiw, 11,0 HaB, ‘E, = 5,6 MoB
hw, = 6,6 MsB; 6 - napauergu daphega 151
-10 Br = 7,0 MaB, hw, = 1,0 M3B, EZ = 2,4 M3B,

nly= 1,0 3B, Eg = 5,9 UsB, hw, & 0,6'kaB

-5 6)
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JIK 539.17
OIOTHYECKAA MOZEXDL YIPYT'OI'0 PACCEABUA COCTABHHX YACTHL .

BEXoaecos, HETERTapDBEREKO

OPTICAT, MODEL OF ELASTIC SCATTERING OF COMPOSITE PARTICIES.
'The calculations on the elastic scattering of composite par—
ticles by nuclei are given in the framework of the optical
model in a broad region of energies and masses of the
|acatter.|.n§ particles and targets. The systematic comparidion
of the calculations with the available experimental data
is arried out.

Beezenne

B mociezEme TOAH NOABAJOCE MHOI'O TOYHHX 3KCOEPMMEHTAIBHHX
ZAHEHX IO ynpyrouy R HEYNpyroMy PacCefHHD COCTABHHMX YaCTHn (/eRTPOHOB, TPATOHOB, of -dacThi B GO-
Zee THEXOXHX HMOHOB) HA AaTOMBHX AZpaX B MAPOEOM AMANA30HE KMHEMATUYOCKHX NepeMeHHHX., Ha OCHOBAHHM
TAQEEX 3IXCOEPHMEHTOB HMEETCHA BO3MOXBOCTH NONYYHTH GOraTyn CHEKTDPOCKONMYECKyn MHGODMALMD O CTPYyK-—
TYpPe Axpa, O NyrAX OGpAaz0BAHAA H pPAcNaja COCTABHHX fAZep, O BKIAZe NPAMOI'O W PE20HAHCHOTO MeXaHH3-
MOB peGKHRR ® T.A, JlnA sHAXK3A NOAYYEHHEHX AAHHLX, HADAAY C DPA3BHTHEOM HOBHX,00lee COBEPHMOHEHX TEO-
'PETRYECKEX MOZENEH, EMPOEO HCNOXB3YNTCA TDAAEGMOHHHe NOAXOZH, TAKKE,KAK ONTHYECKas MOZ6Ib, METOX
HCKAXeHHNXY BOJH, CTATHCTHYECKAA TEODdA AflePHHX pearnuit, Kpowme TOro AafA GOABNMHCTBA TEOPETUUYECERX
NOAXOAOB TPeGyeTCH SHAHKE ONTUYECHKMX NOTEHOMAJOB YOPYTOro PacCesHAs COCTABHHX YACTHI ¥ yMEHHE
PAcCUMTHBATE NO HAM HaEIONAOMHE JKCIEDEMCHTSABHO XAPAKTEPHCTHKH.

HsuepeHns 0O yNpyroMy pacCefildn AeHTpOHOB, TPHTOHOB, of ~YACTHN B APyrux 6ONEE CIOXHHX CECTEM
HA ATOMHHX fApaXx OGEapyaMBapt TaKyn Ee AdPARIHOBHYN KADTHHY DACCefHHMA, KaKk H NpA PaCcCefHHH HyHE-
N0HOB. HBRECTHO, UTO yOpyroe BIgEMOje#CTBHE EYEIOHOB C AXpAME MOXEO ZOCTATOYHO XODONO ONMCATH

- f6HOMOHOTOTHYOCKHEM 2-YACTHYHHM ONTHYECKAM NOTEHOMANOM MEXZy HANeTAODEM HYRJOHOM R AAPOM MUNEHED.
370 nosBOAfeT HAAeATHECH, UTO M B CAydYae DaCCefHEA CAOXHHX YaCTHI HA ATOMHHX AApAX OCEOBHHE CBOf-
CTBa yNpyToro PaCCEAHHs MOXHC ONBCATH ONTHYECKMM NOTEHNUAROM (6S yuerTa BHyTpPeHHe# CTPyRTYpH pac~
CeRBaeMO#t cacTeMH.

B CBA3R C TEM, UTO IOpA METEPNPETANNM yUPYrOro pacCefsHAA COCTABEHX YACTHN HA fApAX B PAMEAX
ONTHYECEOH MOZEAN HOOGXOAEMO YUATHBATEH GOABEOE YACIO NAPHMAABHHX BONH, Ha DaHHe#l CTazunm HCCIERo-
BAHHES AJIA OONHCAHERA 3THX NPONECCOB CHIM pPA3padOTaHH KJACCHUYECKHe, IMGO MNOJYRIACCHYECKUE MOZENd,
EOTODHE CYMOCTBEHHO YNDOMANM pacyuerH.,

K TakM nozxozaM IpexZe BCero OTHOCHTCHE wmojenb Exsfiepa ¢ pezxoft rpannneﬂ anpa [I] . B paumax
3TOT0 NOAXOZA AAEpHOe BzamMozei#cTBR? [I] MEXZY COCTABHHMN CHCTEMAMH NpeANOAsraeTCs HyASBLM, €C-~
AU HX OeBTPH pasZiedeHN (oXee 4YeM HA R, , B OUYGHB COXLNMM OpPA DPACCTOAHRAX MEHBMAX R, , rzae

)
Rc=z°(A 3+a4”), g~ (Le10)0 .

Panuyc B, BHOMpAEeTCA M3 yCAOBHA HAMXYYNErO COBNAGHAT TEODRA C IKCIEDAMEHTOM.

Onnaxo 2T8 MOZEXDP BeasZeKBaTHA C PA3EAYHHX TOYEK 3DEHMA, BO BCex Cayvasx, TZe AHAIMSHPOBANUCEH
AaHENG, BOAMYNEA R, OHZA HAMEOTO COXbEE, 9eM CyMMa D8AMyCOB DACCMATDHBAEMHX fiZiep. JTOT QarT Ha-
XOAWTCA B NPOTRBOPEURR C NPeANOJOKEiBeM, 4TO AAGPHOE B3aMMOZei#CTBHe MeHsercA "BEesanmo" mpm R, .
Ha mpaxTmke ara MOZENb MOXET NDEMOHATECH, €CNN NapaMeTD KyJOHOBCKOT'O B3amMOZ@HCTEBRA n >>1,

a (dﬂ;/dﬁp):>,rQ s Te€. B OGNACTH MAJZHX yLAOB pPacCefEMs, PR CONBEEX yraax PacCedHEA aTa MO~
Xenp naer GONBbEMEe OCHEINANMN.

Cy=ecTEynT TaExe GOlee DeaiRCTHYSCKAE KBA3MKIACCHYECKRe moxxoad [2,3}, oamm u3 roropux [3]
doxee NOAPOGHO DACCMATPMBAETCA B KOHENG CTATHH. HEZOCTATEOM ITHX MOTOAOB ABAAETCA TO, UTO C HX
nonoEsR HEAbSA ONMCHBATH IXCHEeDMMEH'TANbHHE JAHHHe B NRDOKO# odzacTh cnexrpa, OHM NPUMEHADLTCA IU-
00 Xaf ACHMITOTHYCCKHX SHAREH n s ARGO AZR GOIBMKX yIAOB PACCESHMA, XMGO TOABKO AXA Maawx, Ilo
NOXHOTE R TOYEOCTE ONMCAHRA SKCIOEDHMEHTANBHHX JGHHHX ONTHIECKAR MOZedb [4] ocraercs nora eammcrT—
BOEHOM KOAeABD, WHPCEO RCHOABBYEMOH B EAYECTBE OCHOBH BO MHOTHX TEOPETHYECRUX PaspacorTrax.
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B HacTOfmee BpeMs CO37aHO GOJBNOE YACAO NPOTUDaMM ZJ8 NPOBEZEHUA PacyeTOB IO ONTHUECKOH MOZEe-—
IM KaKk B Hamelt cTpaHe, TaKk ¥ 3a py6exoM. OZRaRO CYMECTBEHHHM HEZOCTATHOM MHOTMX BepPCRH IporpaMu
ABIAETCA TO, 4YTO WX, KaK NPaBUJO, NDUMEHANT = ZJA ONUCARNA YNPYTOTO DACCEAHEA TONBKO HERTPOEOB
a60  TarEe U NPOTOHOB, HO NPY CPAaBEMTEABHO HCOOABWEX JHEPrHAX, OI'DAHEYUBAAChH yueron 20-30 mep~
BHX ODOMTAbHHX MOMEHTOB [ .

Q6cyxnaeun B naEHOM CTaThe BAPMAHT ONTHYECKOH NPOr'pAMMH. NO3BOJAET DACCUMTHBATH yIOpyroe pac-
CesHMe YACTHI NPOM3BONBHOM Maccu co cnuHoM 0, I/2, I Ha cPepuuecKOM fAApe B MHUPOKOM AUANA3Z0OHE
3Eepruil. B paMkax CTaHJapTHOW ONTHYeCKOW MOZeau C IS CBOCOZHHMM NApaMOTDAME MOXHEO BHYMCAATH ARD~
depeHuuanbibe CEU4eHMA yNPYTOTO DACCEeAHMA, CEUYEHWA NOrJOMEeHUR, MNORADM3ALUUD JaCTHI, 8 TAKKE EMeeT-
Cf BO3MOKHOCTEH aBTOMATUYECKOT'O BHOODA NAPaMeTpPOB MOJENM IO 3KCIEDUMEHTAAbHHM JAHHHM.

[l[porpamua Banucaha Ha fsuke QOPTPAH-IY zxns wamumud EC-JO30, [lpaxTMueckMe pacueTH NPOLECCOB yN-
Pyroro paccesHMA UOHOB KUCROPOZa Ha ONOBE GHIM NPOBEIEHH BIXOTH 710 3Hepru# 70-90 MaB, 9TOo CoOT-
BeTCTByeT N, ~ 304560 u Tpedyer yueTa OPCUTANbHHX MOMERTOB X0 Emaxr~f90+IIO.Pe3ymsTaTu pacyeToB Xo—
DOm0 COIVIACYRTCA C JMTEpPAaTYPHHME LAHHHMZ, & Taxke I C HMEDDMMUCA TECTaMU OTevYecTBeBHHX [5] u sa-
DPyGexHHX nporpamu [87] .

I. MareMaruuecKaa GOPMyNHMDOBKA ONTHYECKOR MOZEnM

Paccennue YaCTMOH MACCH M, # CNMHA S, Ha ALDE-MMEEHM C uACCCH M, OYA€M OMUCHBATH NOCDEACT-
BOM KOMIJIEKCHOT'O ONTUUECKOTO NOTenuuana V . [loclle paszeleH#s NEPEMEHHHX B NOJHOM ypaBHeHER HIpe-
IuHTEpa NONYYaeTCHA DafMallbHOE YPaBHEHME AJA KAXNOTO 3HAUEHUA ODOMTAIBHOTO MOMEHTa £ WU HONHOTO
MOMEHTA 3’: E+§P yacTyuu [ 4] :

d® _e@n) , 2p¢ -
{_dz"-“ s (E-VEJ.(Z)) Uej(z)—o, (1)
TZe JL=rnp-Mn/th+M9 ~ NpuBeleHHas MacCa YaCTHIH;

E==EL*nR/«”Hf*MT)‘ 9HEPr¥f YACTHIH B CHCTEME LEeHTDa MacC;
E, - oHeprua yacTMuH B JaGOpaTOPHON cucTeue.
PazuanpHaf BOIHOBAA (GYHKIURA qu JZOBAETBODAET CREZYKLMAM I'DAHMYHHM YCIOBHAM:

Uea.(z) = 0

20’

Ug® = [(Ge- LFE)—SEJ(GZHFE)] , (2)

oo
rae QyHKIUM GE # FE ABJIANTCH HEPETryAADHHM W DEeTyJIADHHM DEemEeHHAMA OZHOPOKHOI'O ypaBHeHHR Hpe-
IMHTepa B OTCYTCTBME HIEDHOrO B3aRMOZe#CTBuA. OCHOBHAA 3aZlaya PacUETOB IO ONTRUYECKON MOZENU CO-
CTOHMT B BLYUCICHUM MATPHYHHX IJEMEHTOB Se; AnA BHOD&HEOHR QopNH MOTEeHLHaZza Ve; . Ecan Sq
BLIYACNEHH, TO HACGHWZAEMHe H3 3IKCIIeDUMEHTE BEJNMURHH MOTYT OHTH JETKO HaliAeHH.

PacemOoTpEM CleRyRIME TDPY YCJOBHA.

I. SP=().Torna mbpepeHIUAMANEHOE CeUeHde DACCedHUA 3allaeTCA BHPaECHEEM

d6 2 (3)
22 = 2] ,
S5 ©=]40|
ceyeHie MNOrJOomeHKA
T = 4
Bu="z =@+ N(I-]Spl*), *)
£=0
NOJApK3an4a
P(8)=0.
B Bypaxerus (3) NOojHAA aMnAUTYZa B3aMMOZEHCTBUA
- s - ;
A@®)=£ )+ _ef‘jo(zm )Spe- 1) €xp(216,) Pp(x) ,
TZe aMIIUTYA3 KYJIOHOBCKOTO B3aNMOZEeHCTBUA
£.®)=-(n /2Ksin? 8/2) exp(216, - 2in tnsin &/2 ); (5)
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KyJAOROBCKRE napaMerp; ,

M= 2,287k = 0,1574843 Ym /E,
K=Y2u/h"=0,2187315E 1

BOJIHOBOE 9YUCIO;

sin 8/2 - KyXOHOBCKMM CABAT (asuy
P(x) - NOJMHOMH JlexaHapa; _
8 ~ YrOl paccefiiuAa B CUCTeME LEHTDPA Macc;
' Sp: ~ KoaQpuIUEeHTH, OnpeieasieMue H3 BupaxeRus (2).

4
2. Sp = 1/2. Torna 3KCUEPUMEHTANBHO HACINAGEMHE XADAKTEPHCTHKE JODYIOTG DACCEANKA MOXHO DaC-

CUHTATE IO CASAyomEM fOpMynaM:

26 (@)= Al + 81" ; | (6)

0%, g{;eq)(«-|s;f2)+e@-|sgi2)} -, (7
A(9)=fc(s)+E:T< ;Z; {(eq )5 +es; -(2e+4)} exp(2i6,) P,@) ; (8)
B()= P i;) -S;) exp(216,) Py(@) - (9)

Sgaxw (£} Y Sej 03HAYENT, YTO NOAENH CHME HYKNOHA | = e+ 1/2.

3. Spei:
%’?(8):[|A12+2(IB|2+ICI2+ID,2+|E12)]/3; (10)
£ < -
615 ;L'('){(2&3)(4-|s;|2)+(2E+4)(4—|sg|2)+(2£+4)(1-|se IZ)} ; ' (11)
P=2VZTm(AC* + BD* + DE*) /3/(d6/d2) ; (12)
A®)=f,0)+ o Z{(e et + bty | exp(216,)Py(a) ;
‘ S 4 + 0 - :
BO)~f,6)+ g 3 2{ €2 + 20e et +(e- g pexp(2i6,)Py();
COr 5t 2 Lty -t eapeig R (1)
2tk pp vz ¢

e

D®)= ZLkeoV— e(f e@+1)

MX

{E(C+2)d+ (2+ 1)t~ (E- (e +)ot; } e?%pla);
E=B-A+(D-C)V2cty(®) ; T =Cos6 ;
A=Sp-1, (D)= j=lel; (O)=ei=C.

Oneauecxuli NOTEHOMAZ B NDPOTDAMME BaAT B dopue CfeprYECKA-GHMME TPAYHOTO KOMIIEKCHOIO NOTEHIME-
12 o0mero BAJA
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V - an(r)q-v (BE %'d%f (2)+ V- t[ v)’v("7+wd9d(") -Ws (' %d,_c}z Cz)_-] (14)

TIe = crs
1O @)= ()~ e+ -8(Sp+)
U BBENGHH CIeNyDmHe onpeRenchusi QopMParTOpoB:
-1
2= [1 + emp(('z-Ri)/ai)] )
4(1— f(Z) ]
z-R\2

exp[-(52)]

[loTennuan KyNOHOBCKOT'O B3aAMOAOHCTBUA 3aDPAXKCGHHHX YaCTRI ANPOKCRMHPYOTCA HOTEENHAAOM PABHOMED-
HO 3apaxeHHOM cdepH

9(2) =

ZZ@
3 <R
<<Rc)j ¢sXe
Vc('l)= .
2,28
%, 2z, 2> R,

B nocjezHue IOAH JCUAUS MHOTRX MCCrefoBarelefl OHiM HANDABIOEH HA TIOMCKE IAOGANBHHX NOTEHIRE-
J0B, HOTODHO OH B CpDeZHEM XOpOmO ONMCHBANM IKCIEPUMEHTAIbHHE AGHEHE IO yNPYTOMY DACCEAHED B WHDO-
KOM AMana3oRe JHepriff ¥ MacCOBHX umced [7-I4] . B mporpaMme IPeAyCMOTDEHS BOZMOXHOCTS pactuera Io
INGOMy W3 HAUOOJEee PACIPOCTDAHEHHHX BAPMAHTOB I'A0CAIbEHX NOTEHNRAIOB {Tali.l).

Tadmmoa I
I'IoGanbHNe ONTHYECKME NOTOHLEANH YIPYTOTO PACCERRUR
Pa3sAnNUHNX HaJeTanmux 4YacTHl Ha BTOMHHX Axpax
(a=(N-z)/A; 8=2/A"%; R;=2;-A"%)
Tan na IuBaunyeCKre Imrepa-
aerapmel|l E A 2 a; |z Pa
qacrngu napaMeTpH NOTeHHURANa i i | e | Typa
I-15 = 47,01-0,267E~0, 00II8E2 AT | 0,66 | _ | [9
" ; VIR 22 | 08 | - (]
Ve = 56,3-0, 328-24a 1,17 | 0,75
W = -0,22-1,56 5,26 | 0,58 | = | [10
n <50 |>40 ¥ o 192 0,45E-12a 1,26 | 0158 L10]
Vs, = 642 I,0I | 0)75
Ve = 85,3-0, 556427230, 43 1,25 | 0,65
p <20 >0 Wf =135 1,25 | 0,47 |1,25| [8]
Ve, = 7, 5 1,25 | 0,47 -
Ve = 54-0, 328324240, 43 1,17 | 0,75
W2 = 0,208-5 1,32 -
P <50 1>40) ¥ _ 1Y §-0, é5E+12a 1,32 % 1,17| [10]
Vs°= )2 1,01 | 0,75 .
= 49,90 22E+26 420,85 | LI6 | 0,75
~ W = + -
p  |30-50 wh 4 5.0, 05E+15 58 o | 8 (1.25) [11]
Vg = 91,13 - 2,28 1,05 | 0,86
d 8-I3 |>40| W5 = 218782737 L4z | 1,3 | [12]
] vso ? 0,75 | 0,50
d |12-25 = 81 - 0,22E+2B 1,15 | 0,81
: w“ Th, 440, 24E I3 | 0,68 |1,15] [13]
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OxoHYAaHEe TaGk.I

Tan Ha JeaMETe CKRE % a. |z [|mrepa-
gggamen E A napameTps HOTeHIHANd 2 3 ¢ |Typa
= I5I,9-0, I7E+50a 1,20 | 0,72
He <40 | >40 - = 41,%-0,33E+44a 1,60 | 0,88 (1,3 14
vS = 2,5 1,20 | 0)72
V. = 165-0, 1766 4a 1,20 | 0,72
31 |15-40| 40 | ul= 46=0,83E-I1 1,40 | 0084 | 1,3] 14
: Va,= 2,5 1,20 | 0,72
AT = I,322-0, omsuuazxcl‘e 8A310'9
A2 = 1,266-0,00374+2421076-44310"9;
B =0,5I+0,7a B = 0,740 008E+a, = 0,5+0,01342/3,

B OporpaMue NPEAyCMOTDEHa padoTa CUCTEMH &BTOMATMUECKOTO NOMCKA NADEMETPOB ONTUUECKOH MOZeXn
00 JKCOEDEMEHTAIBHHM JAHHHM OyTeM ONTUMM3angn yHKIAOHANA

N exp 2
ae
F= Z - d.sa (61) - Z £.0)-fr " 82) (16)
X 7
A= Af% (en) et af ,xe P62

exp
rae dg/dSZ(GR), d6 /dSE(@R),AdG erp Q- TeOpeTHIECKAE A BKCUE[UMEHTANLHHE CeUeHHT X OWKCKA ORCIe—
PEMEHTANPEHY XABHHX COOTBETCTBEHHO,
N - 9HCJAO SRCHEPEMEHTAJBHHX TOYEK.,

Eciu TeopeTuueckoe 3HAUEHHE d"S/d.&’, (8,) 3aBHCKT OT t nNapaMeTPOB onTHYeCKO#t MOZeaum, TO BEIM-
uMHEa F [OOZYMHAETCH DacipefeleHun x> C UHCAOM cTeleHelt cBodozy (N-t). 3HaueEme ONTHMMBNBHHX Napa-~
MeTDOB MOASIH {pi} MOXKHO TOJNYYMTH ¥3 CHCTEMH yPaBEEHMI

%EI;— TJ_=O , i=1,2,3,...,t . 17
1

Byznen npeznozarats, 49TO ANR QYHKIUE °(16) CHpaBelAMBO pa3nokerue B pan Teftmopa BOAMBR 3HaUEHUg
P, BEXTOPa BBPBEPYEMMX 0apaueTPOB P={p,,P,,..., Py}

aF
F(F)=F(F) + Z

o
L-‘l Z 9 5p

[IlycTs TEOPETRYECKOE CeueHMe B OKPECTHOCTH PO HOIHO BHPOKCHIMPOBBTB COOTHONECHABNK

Op; Opy -

as R S
_ = :r= + —_ .2
dSE(p’ ) 25 P = £2(Pg Zi 3p, 5 Py s

TOr'Aa C y4eroM BupazeHusa (I6) HPOMBBOLHHE zum ¢ynrumonana F(p) MOT'YT CHTE 3GNMCBHH B BHAS

_ai _ fi(p’) fn an (19)
P, L (o) ORI

3F Z afz af]\
aPiaPk (Af ) P |3 aPk

A7 HAXOXZEHEA BEKTODA OpUpamernui GPi ¢ yueron coorromeBa#t (I7) - (I9) nomyuum cmereMy t
muEe#nkY ypaBHEeEmi )

3°F

_%F_@_. 35 _—ka=0.' (20)
P |B, ket CPLOPK|F,

|



Pemerne cucrouy (20) DnosBojfeT ONpeAeIdTh BEKTOD -6";) s 8 CHSOBATOALHO, X ’ﬁ-ﬁ;»«@'ﬁ +T.6,
TOUKy, B EOTOpOHl OpeAmozaraercs MmuEMyM (yEROpoHaza F(P) . OfHARO BCEGACTBE® TOT'O, TO aPi
MOXOT OKA3aTHCA CONBNEM M CREISHENE NPEZNOJOXERMA HEBEPHHMA, HA NDRKTER® CAGAYDNAS TOUKA NTEDAIM-
OHHO#f NPOUEAYPH BHOEpPAETCH COrZACHO CXeMe

P=Pp* z8p, Z= {/mia:!:{é‘Pi/pi} .
LIA yIyumeHKA CXOAMMOCTE MeTOXa HCHOABSYETCA NapadoaMuecEoe nproumxerse [7] . HeoGxoxmute Zxs
pacyera NpOM3BOAHHE af,\/ i')pi paccunTHBanTCA N0 fopuyne )

| _flplrar-flp-ep)
o; |p, 28p; UL

Po

2. Opramusenus paGoTH NPOrpaMMH

[lpoBeReRre pacyeTOB NO yNPYyTOMy PACCESHED COCTABHHX YACTRN B OCOGEHHO THARONHX EOHOB IPE BHCO
KAX 3HEPrEfAx TpelyeT TUATEJBHOrO BHOODPA M OTDAaGOTEA yCTOHIMBHX CxeM pemeHus AupHepeBudanbHHX
ypasneErft (I). NosumeHH Taxxe TPeGOBAHMA K TOYHOCTR pacyera cnendyEunEl, x OpramE3anmm pcefi pa-
GOTH NPOrPaMMH B B OCOCEHHOCTH 6e OIOKOB, CBABAHEHX C NOHCKOM NSPAMETPOB ONTHYECKO# MOZeum.

OGcyzEM cHauana aIrOPRTM DemeHRA ARfPepennmanbHHX ypaBHOEA#l BTOporo NODAAEA Ges NepBOi npous-
BosiHO# ypamHeHna (I), KOTODHE MOXHO CXEMATHYECKM 38IMCATH B BAse

U'"(2) = A(0)U2) 5

U(©) =0, U(z,)=B. (21)

{lpeanonoxun, wro QyHKOMA A(T) HenpepwBHO ZudbepeHnEpyeMa BOCeMb pas, i ONEHMM OCTATOYHNH WNeR

Rt B Pa3aOxeHHMRA
1} hz ; 62U'|.
Ui. = (U. -2'Ui.+Ui-1) +Ri.= T +Ri . (22)

i+

azecs U =U(z;) ; z=hi, 1=1,2,3,...
Packnaausad U;,, u U;_, B pax Tefnopa B TOURe U; BIEOTH ZO WIEHOB h® , mocze OACTAHOBEE B pa-
BEHCTEO (22) ZEIRO MOJNYYATDH XA OCTATOYHOrO YiIoHA :

Ui(_4) h.2 U.:G ) h,‘

Ri=- =%~ 2w (28)
Ana TOTO, YTOOH ONDPEASHAUTH Uf'), BpozBdPepeHnRpyeM ypaBreRRe (21) ABaXZH, TOTAa Oy MM
4 2
U = (AL Uy 20 A+ A U )R (24)

locxe NOXCTAHOBKE BHpaxenus (23) B pasuoxenue (22) C UCIONB3OBAHEEM COOTHOMEHET (24). zermo
NOXYUMTH DEKYDSHTHOE COOTHOMEHM® AR Haxoxnerus Uy : )
611(6
h°U;
R Vel248 A n®u-(1-E I
Uiy (‘-T{Ai+4>—(2+EAih )U'l. Q 2 Ai-4>Ui-4 240 (25)

2 .
OrfpocaM B BHpaxeHEM (25) OCTATOYHHH Yk6H R CAelaeM NOACTAHOBRY 51'(”%‘Ai)ui. ; TOTZia MOXEO
NpHMEBUTH MeTOx HymepoBa [7] , xoropuit asaserca ycrofumpuM, 2dexTHBEEM B TOUHHM BANOTH KO MHOI'O-

5.
UNeHOB 2°: £ - [2+tht/("' ?;Ai)] E.-8, - ' (26)

ANropuTM (26) MCHONB3yEeTCA BO BCEX NPAKTHYECKHX pacueTsax B AaEHOft mporpamMe, PemeENe EOMIZEEC-
Horo aufdepennuanbrOro ypapBEeHuf (I) EBXOZATCA UMCICHHHM RHTOTDHPOBAHHEN, HQUMHAA C TOWykm 7 = 0
BILIOTH AO TOWURM CWRBAHKA 2., I'A6 YE© MOXHO NpeHeCDeYh AACDHHM B3amMOnRelicTBmeM. B aroffl ToyRe NmpO-
NSBOZMTCA CHEBAHWE NOXYWYEEHOrO 3HaYeHRA U; C MSBOCTHHM ACEMINTOTMYECKHM NDRCARXCHEEM

Uej(zm) = d{(Ge - iFy)- SEj (Gef iFe)} = d{H(zm)~ Sej M(zm)} . (27)

T=%m
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ECam npOZOZZRTH UNCEGHEO® ENTOTDRpOEaHHe ypasuenms (1) zalzee Zo TOyRm ¥, >y + TO JGI'RO HO-
EYURTh BTOpO® COOTHONGHE®

U(zn).—.d{u(zn)-sejmzm)} . (28)

Opx zenenmm HpexerNms (27) Ba (2f) NONyWNM BHDAXGHRE 7XS HAXOXJCEHS KOMINGECHO# BONHUREH Ses
Ucz,,) U(Zm)

SEJ =, [H('lm) - m M(zmﬂ/l:}{(zn)- .U_(-Z:i M(Zn)] . (29

lpaxraveckde pacueTH NOKA38IM, Y10 IPR yBOLAYEHHA MACCH My PaCCeHBaeNO} YaCTROH BO3pacTaeT?
BIMARRO 00JacTed ONTEUECRAX NOTEHNMAIOB, OTBEYADEEX COULMEM DACOTORHAAM OT I'pAHMNH AADA-MEANGHE,
HoaToMy B NPOrpaMME DAAMYCH CHERBAEMA

2= h4AB +AYeomoa, , 7 =7 +20 [®] ,
m p T PR n m

rae agp - auddysEOCTS ZeHCTBETEABHO! UACTH ONTHUECEOTO NOTEeHHAaNS .
CymumpoBsrme n0 £ B BNDAXEHEAX ANA AMOAUTYA yOPYTOTO paccedHAs Bupazemalt (5), (9), (I3) orpaum-

Y6HO BOARYMHON 4
€ngr = 3,3-K(A'{3 + Af‘.)(«-o,z-Eog,o(zP- Z,)) .
Ans pacuera EOS(PUGNERTOB Sp; H3 BupaxeHus (29) HEOCXOZHMO 3HATH KYIOHOBCKH® (yHKIMM Fp m

Gp B ERPOEROM ABANASOEE n , p=k?z,f. 3 A0CTAaTOWHO COIBEOro HaG0pa DAAMUEHX SITODATMOB DACYETA
Ey20HOBCERX §yurnsit |I5,16] ONHTHHM NyTeM GHIM OTOGPAHH TAKHE, HKOTOPH® HOSBOJRAM C TOYROCTED HO
Xyxe 1077 PACCURTHBATH HKYNOHOBCKHe (yBENME B AmanaszoHe ~I000< n,< 1000, 0,0I< P < 10000, '
0<¢<T120, Caua mporpamma pacyeTa EYIOROBCKEX QYHEUER B TAKOM AMENA30HE NAapAMETDOB HBIRETCA CHOX-~
HO#t B rpoMO3AHOR, mOaTOMy GoZee NOAPOGHO B AAEHOK padoTe OHAa HE OGCYXRALeTCH.,

He MeHRmNEro BHUMAHWA TpefyeT pa3spafOTEA ANrODUTMA PacdyeTa NOAMHOMOB Jexanipa B AHaNa3oHe
0<f<I20. Kag MOKaSHBADT NPAKTAUGCKHE MCCIEAOBAHMA, HCNONH30BAHEE OAHMX TONBKO DEKYDPEHTHHX CO-~
OTHONEHREYR AAA pacueTa Pelx) B pé(m)uoxe'r OpUBECTH K HAEONIEBHO GOJBEMX OHMGOK. B nporpaude noam-
HOMH JeXaRxpa DPACCUMTHBADTCA C RCHONB30BAHMEM RX DASIOREHRH IMGO NO TPUrOHOMETDUUECEEM (QYHKUMAM,
2460 IO TRNSPreOMeTPEYSCKEM (B 3ABMCMMOCTE OT BEIMYuEH X), 8 TakEe C IDAMEHGEMEM DEKYDEHTHHX CO-
OTHOmEHK#, CBAINBADEEX NOJMHOMH C DPASARYHHME £ .

Bce pacueTH B NpOrpammMe OPOBOZATCH C yABOGHHOR TOUHOCTHD. JlAA 2KOHOMUX NMaMATH MAREHEH C HEABD
0XBATA MARCHMANBHO BOBMOXHHX NDOHOCCOB yUPYTOro PACCefHKA OPraHAsOBAEa MEOrO$as0BaH PadoTa Opo-
rpaMui. s COKDANGHHA BPEMeHM PACOTH NDOIDAMMH B CANOM HAYANe DACCUHTHBADTCH CUGNEANBHHE JyHE~
OAR, 8 TAEXe TE 4aCTH ONTHYECKOTO NOTEHNUaXa, KOTODHE 38BHCHAT TOIBKO OT ¢ ., Bes ara MEfODManus
38NOMREEETCH B NauATd JBM.DopmbaxTopH NOTEHIMAENOB DACCYATHBAXHCE C MCNOZb3OBAHMEM DEEYDPOHTHHX CO-

OTHOmORHA .
2., ~R

exp((z,,,-R)4)= emp( n; )emp(h/a) ;

exp [_(zm(; j)zJ - exp [_ (Zn;R)z] o [’2}1 E‘;]exp [_ (% )z] .

B Ta0a.2 OPRBEACHO CDABHOHH® PacieToB, MPOBOAGHHHX NO NPOTPEMME 8BTODOB ZAHEOH CTATHR B MO
mporpaMMan OTevYecTBOHEHX [5] m 3apydexmux [6] amropos.

TaCamna 2

OrHOmOEN® (%g/gi%a) AZA NPOLNECCOB YNPYroro PACCEAREA,
NOXYYeREOE' N0 'y

a3lBYEHK OpOrpaMMaM onThyecxkod MOZexmH

! 7 o
lp+12%n, = w16 MeB |S14+720,8;220 MeB | "60+%%m1, ;=60 usB

Pacora | HacrosimasiPagora {Hacroamas |PacdoraHacromamas
[6] padora [6] pagora [5] | padora

¢

10 { 1,0338 | 1,0839 [0,7252 | 0,7250 |0,9984 | 0,9986
20 | 0,91I7 | 0,911 |0,4678 | 0,4660 |I,0018| I,00I7
30 | 0,7821 | 0,7805 |0,3284 | 0,3225 |1,0172| I,0157
40 | 0,4065 | 0,4055 [0,1050 | 0,107 |I,1973| I,2000
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OxoH4YaHRE T&0M.2

: ,
p+'*%n, B =16 MeB| O144+720,E =20 MoB | 160+%On1, E;=60 MoB

g°

Padora IHacroswasy PaGoralHacrosmaq PaGoTta|HacTosmas
(6] padoTa [6] padoTa (6] padoTa

50 10,4606 | 0,4591 | 0,3332 |0,3377 | 0,8260 |0,8278
80 |0,65I3 | 0,6295 | 0,2423 |0,2362 | 0,2580 |0,2585
70 |0,46I | 0,462I | 0,05I9 |0,05I5 | 0,0629 |0,0830
80 |0,2197 | 0,2206 | 0,2678 |0,2731 | 0,0I43 |0,0145
90 |0,2592 | 0,2600 | 0,I218 |0,1I9%2 | 0,0033 |0,003%
100 | 0,4283 | 0,4299 | 0,0600 |0,0585 | 0,0008 |0,0008
110 | 0,4I21 | 0,4I29 | 0,IT42 |0,I142 | 0,0002 |0,0002
120 | 0,243 | 0,2443 | 0,I375 |0,I362 0 0
120 |0,I8I4 | 0,I6I9 | 0,0566 |0,057I
140 | 0,208 | 0,2086 | 0,0439 | 0,040
150 | 0,2555 | 0,2555 | 0,0886 |0,0914
160 | 0,239 | 0,2323 | 0,0478 | 0,0493
170 |0,1719 | 0,1710 | 0,0093 | 0,0083
MG | 1253,6 | 1255,0 | 1145,0 | II45,0

OO O o o o
(o} (¢ eelNeNe]

Bgs

3. Pe3ynpTaTH NpakTMYECKMX DacueToOB

Paccenrre Zeitrponos. Peaxunu C ZeliTpoHamp (CpHB, IOAXBaT, HEYNPYroe DacCefHue) ABAANTCS MOL-
HHM NHCTDYMEHTOM NCCIEZOBAaHUS AAEPHOH CTPyKTypH. OZHAKO IIpU TEOPETMYECKOM aHaJIM3e ITUX pearmuii
BOSHMRAET pAR TPYAROCTEil, NpUCYmMX TOJNBKO LefiTpoHy: AeHTPOH - Cnado CBfizaHHASA ABYXHYRJIOHHASA CH~
cTeua, €rg CHuH paBed I, AJA afeKBaTHOI'O O0BACHEHNA CTPYKTYpH ACHTPOHA HEOOXOZMMO BBOAUTEL TEH-
S0DHHE CUJH. HecMmOoTpA Ha 3TO, MCCISZOBAHME YIPYroro pacCessud ZeHTPOHOB JEeMOHCTDUDYET AMBPAKLUOH~
HY® CTDYKTyDy C2ueEKs, 3HAJIOIMUHyD TOM, KOTOpas HAGADEAETCS Npy YIPYyTPOM pacCesHMN HYKJIOHOB. IO
3TOlt MpUYHHE B3auMOZCHCTEAE AeHTPOHA C AZPOM NpYU YIODPYI'OM DACCEeAHMH B NEDPBOM NDUCJIHECHRM MOXHO
ONUCaTh TaK EE, KAaK M pPACCefHMe HYKIOHOB, T.e, UTHOPUPYA BEYTDPEHHDW CTPYKTYpy AeHTpoHa.

Pasnnupne aCNeKTH yNpyroro ¥ Heynpyroro paccedHusi AefTDOHOB Ha AZPAX JOCTATOYHO NOZADOGHO U3-
n0EeHH B padore [I7] . /HTeHCHBHHE MCCHEZOBAHMA NO YNPYTOMy P8CCEfAHMD ZelTpOHOB B MUPOKOM IEana-
50HE SHepruil u sAzep NpoBeleHH B padoTsx llepes ¢ corpyxsukamu [IS] . B 3Tux padoTax aHCIepUMEH-
TaabHHE IaHEHE aHaJAW3UPOBAJUCE B DAMKAX ONTMYECKO! MOZENM C meCThiw CBOCOZHHMM NAapaMETpaMit M E
CONBMMECTBE CiaydaeB OHJO NOJNYUEHO XOpomee Cornacie pacyeTOB C ONHTOM. bum ompeZeldeH TA00anbHHM
ZeliTpOHHHY NOTeHnMan B o6nacTu E~1I12+25 M3B, A>40 (cM.Tada,l) 663 yueTa CIMH-ODPSHTANBHOTO B3g-
umoZeificTera. B padore [I2] npoBeser CUCTEMATHUECKHE AHANM3 IO yOPYIOMy PaCCEAHED AEHTPOHOB C yue-
TOM NOJfApH3aunuM, K comaneHup,B 3TO# PadoTe 00JacTh 9HEPrmii GuIa OrpaHuyera B8-I3 MaB.

Ha puc.] nmoxazaHo OTHOmEeHMe AUPPEPEHUMAABHOT'O COUYEHHA K pe3epfopIOBCROMY B YNDPYT'OM pacCesHHM
ZeliTponoB ¢ 3Hepruedt 11,8 MsB Ha paze ffiep., CNJIONHHE KPHUBHE COOTBeECTBynT pacuyetry ¢ napﬁnewpaun;
NOLOTHAHHEMY NO JIyumeMy COTJACKD C SKCIEDPUMEHTANBHHMM IAHHHMU 7R KAKZOTO Afpa 6e3 yuera CNEE~Op-
GuTanbEOTO BaaumofelicTsuA [IS] . [yHKTEDHAA M DTPUXNYHETUDHAA KDUBHE NOCTPOEHH COPNACHOG DACUETY
C TIOGaibHHMM HOTeHunanamu pacdor [I2] u [I3] cooTBeTCTBEHHO. JKCHEDUMEHTaIbHHE ABHHHE Ha pac,.I He
fIOKa3aHH, HO BCE OHMY C TOUHOCTER yKa3aHHNX OmMCOE COBNSAanT CO CIJOMHOK KDUBOH,

AHamma puc.] NO3BOJIAET CHENaTh CIIeZy IUE BHBON :

I. IudpakurORHAasf CTDYKTYpa CEueHMS HauGOJiee 3AMETHA IJA JETEKEX AAED, MeHee 3aMETHA AU CPELHEX
¥ IDAaKTUYECKM UCUEe33eT LNA TAEeJHX . JTO CTAHOBUTCA ACHHM, €CHM NPUEATD BO BHMMSEME BEAMUUHY OT-
HOCHTEJNBHOTO BKJAaZla AAEDHOTO M KYJOHOBCKOT'O B3aAMONeMCTEHY#: fAcDHHE CHIH JOMHHMDYDT ZAA IEIKHX
fAZep, KYJIOHOBCKME ~ IJA TAXENHX.

2. [lpakTuueckM ucCUe3aeT pazanume MexAy TpeMA HaCOpaMil ONTHYECHMX NAPAMETDOB Np! DACCEAHAE
ZeITDOHOB HA THEEIMX fADaX, Ule IOMUHUDYET KyJMOHOBCEOE B3auMoXciicTmEe.



Paccefille of -YaCTRU, SHaHWe ONTHUECKOTO NOTEHUM8NA ANA of ~YACTRI HEOOXOXEMO He TONBKO AAA Te-
OPEeTHYeCKOrO0 AHANM33 peakuuii, HO I ANR NPAKTHYECKOI'O DPEaKTOPOCTPOCHRA NPH ONOHEKE HAKONAGHES I'e-
XES B BEGMEHTAX BamETH M CCOpHax, NpRUEM TAKRe AaHHHE HOOOXORAMH B NEDOHOM HANA30HS SHEpPruit
anaorh xo I00 MaB,

Oreomesde ARfPepeHUHANBHOrO CEYEHUA K Pe3ePPOPAOBCKOMY HPR yOPYTOM DACCEANRH of -uaCTRI C JHEp-
TRe# 24,7 MsB Ba paZe sAzep NOKA3aHO HA DEC.2. JKCNEPUMEHTAIbHHE X8HHHE M NAPAMETDH ONTHYECKOH MO-
AeXd, NOXYYeHHHE 0O AyUUeMy COTJIACHD C ONHTHHMM [AHHHME OTZOIBHO AAR KAaXAOTO AZpa, B3ATH U3 Po-
goru [I8] . Las azep Co, 2Zn,Sn NOKa3aE pacieT C QUKCEDOBARHHM BSPMAHTOM NOTEHNHANa, HO AINA pas-
IRYEHX (OO HM30TONMHOMY COCTaBy) Afep-mumexelt.

(d,d)  E_=118MsB (*He, “He) E _-24,7MoB

i

0 o 60° 100° 140° ©0° 80° 160° 0° 80°  160°
B (] .
8- ()
Puc.I. OrHOmEHEe ARPGEPEHOAANBHOI'O CE- Puc.2. To xe, 9T0 Ha DEC.I, HO 7JA pac-
YeHHA K pe3epfOpACBCHOMY B Fxpgrcm pac- CedHMA of-uaCTAL C dHepruel Ep = 24,7 MsP
cesHuR ZeliTporos ¢ Ef = II,8 MaB

3 pECyHEA BAZHO, YTO YNPYroe paccefiine « —YacTUL HAa JEI'KAX AZpax NJIOXO ONKCHBAETCHA B PaMKax
ontuyecrofl Mozenu. CmabHHe (UYRTYyAHRE B 3KCHEDUMEHTAIBHHX ASHHHX yRa3HBAWT, NO-BHAUMMOMY, HA HE-
ZAOCTATOUHOE JCPEAHCHWEe NO KOMNayHA-CocToAH@aM. Creayer TarkEe OOpATUTP BHEMS8HUE Ea TO, UTO CEUSHNA
nponecca npu SONBWMX yriaX DACCEANMA Ha JNePKMX M CPOAHUX AZADAX TAKKE 33aBECAT OT R30TONHOT'O COCTa~
Ba AZpa-MUMEHHA,

IIp# MOZTOHRE NMApaMeTPOB ONTAYSCKOH MOZENE HO NyWmEMy COTI4CED C ONNYHHMM ZaHHHMM B pacore [I9]
MCHONB30BANOCH YETHPE NOATOHOUHHX NapameTpa (9KBRBABIEHTHAA reoMerpus). 0X OKa3aa0Ch AOCTATOYHO,
YTO0H ONMCATEH JTJOBHE PACHpPEAEACHES yHPYyroro pacCesHUd of ~YaCTHN HA CDEAHMX W TAEEJHX AApaX.

Onruvueckas MOZend. IpeAnosaraeT OAWHAKOBOE NOTIOMEHHe AJA BCEeX NAPNRAJBHHX BONH. UZHAKO AJHA
NapoRaibHEHX BOMH C GOZBOUM £ He OYeBHAHO, YTO COCTABHOE AZApO OyZeT pPachafaTECA TOABKO MO HYKJOH-
HHM KQHSJaM, TaE KAK BEDOATHOCTE TOI'Q, YTO HYRJOHH OYRYT YJHOCATE Coxbmo#t yIuioBolt MOMEHT HOBOILHO
mana, BcmE npemmoxoxeTh, 9TO HaM(oNee BaXHHME KAHAJSME Dacmafe COCTABHOT'O AIpa OO COCTOAHMAM O
Goxpumu ¢ #BnaADTCA d- WM o -RaHAIH, 3SaTed OUCHETH JAMA HEX NpelesbHoe 3HadeEme .., OPE KOTP—
PoM eme 3aMeTeH BEJAL B CeYeHHE IPONECGRE STEX KAHANOB, TO LIA X aPPEKTHBHOrO yueTa B DauKax Of-
TETeCKOfl MOIeS® MOXHO ODOR3BECTHE 3aMeHy MEMMOY 9aCTH HoTeHmpara W(z) Ha
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Wz)===W(@®)-F@),

F(0)= 4/[4+ exp((€- eo)/Ae)] ,

rae > lnne, a€=05.

Ha puc.2 moKasaHa 34BUCEAMOCTE W (2) OT OPOMTalNBHOTO MOMEHTa AJNA CHyuYafd pacCedmrua o -4yacTan
Ha & Ca (mysxTvpnas XpuBas) C NapaMeTpanMu al =0,3, 'EO= I0. CaexyeT OTMETHUTE, UTO BBEACGHME
ZONOLHETEI6HON 3aBACUNOCTH NOTEHLMana NOrJouerus OT £ IpeHMyNeCTBEHHO CKAZHBAETCA NPU GONBHMX
vIlax paCCesnuf, HPUYEM NOXHO NOAYUATH JIyumee COTJaCHe C ONHTHHMA ZIaHHHMM N0 CDaBHEHHD C OCHURHM
MOAXOLEOL . A '

Paccesinue “Li Ha 12C. ynpyroe paccesune ©1i Ha Iz UHTEHCUBHO UCCJHELOBAJIOCh NDU IHEPTLUAX
4,5 - 63 llaB. MpuuuHOi MnTepeca K 3TOH DeaKLuy ARIANTCS CTAOMJIBHOCTD DACCEMBACMHX fZED, XOPOmO
M3YYEHHHE MX COCTOAHWA, @ TAK¥E BO3MOXHOCTE UCCIEJOBaHAA KAACTEPU3alUM B [POCTEHNMX AZEDHHX CH-
cTenax.

Za nocnezHee Bpemf NOABUIAOCH HECKOJBKO DPAGOT, B KOTOPHX aHAJM3MPYETCHA BO3MOKHOCTH ONUCAHUA
yIPYyTOTO paCcesinuf NATUA HA yrJepoie B DPaMKAX ONTUUECKOHR mOZenu C ONpelielleHHON 3aBACHMOCTEN IO-
TEHLMANA OT SHEPrMY HANETaRueH uacTUnd, 3TO OHIO cZenaHo B padore [20] ana sueprut 4,5 - 63 MaB,
a Takke B pacdore [21] maa uHepruit 20 - 63 M3B. Pacuer aBTOPOB CTAaTBH C NOTEHUMAIAMH, B3ATHME K3
JTHX padoT,NoHas3aH Ha PHC.3.]oTeHLAa] pagoTH [2I] ue omscHBaeT HA3KODHEPreTHUECKYD YaCTH CHEKTpa,
713eT 33BLMEHME [0 30COANTHON BeJUyMHe TO CPaBHEHM® C BKCHepumeHTOM B 3,5 pasa OpE BHeprad
52 LiaB.

li3 pUCyHKA BMZHO, YTO IpU HeCOABNUX YIJaX pacCesHEA

6 ONTHUYECKad MOAeNb JOCTATCYHO XOPOWO OHUCHBAET 3IKCHepd-

1265w1, O1i)
’p‘__ﬂ_—*“‘~‘--wk lieHTaJbHbe JaHyHe, [IpH COXBOMX yTLAaX 4 C YBEJHUEHUEM
E =45M3B £, =24,5Mab aHepPMK "cuTyauma" CcrTaHOBATCA croxHee.  o-BHAMMOMY,

Nnpy GOABWUX YT'JNaX pacCefHdd 3aMeTHHN BKAAZ wOTYT 7aBaTh
NpoLEeCCH, WUAYUME 4yepes COCTaBHOE fALPO, TAK KAk B 3TOM
Clyuae KyJOHOBCKOE B3auMOZEeWCTBUE NOZAABJIEHO B HECKOJBKO
Pas ¥ CyIECTBEHHYK DONb HAWMHAKT UTPATh ANEPHHE Ipo—
IlecCH.,

Ha puc.4 noxasaHa sHepreTMUYECKas 33aBACUMOCTE YNpy-—
roro paccesnuns OLi Ha 120, PaCCUMTAHEAA aBTOPaM4 CTaTHE
¢ noTexuranonM padoru [20]. NoxkasaHo oTHOmEHMe nugdepen~
[M3JIBHOTO CeYeHUA K DPe3ePPOPIOBCKOMY IipH @nxcuponahHOM
yrae paccesuna 0 = 58,%2° B 3aBHCHMOCTZ OT 3HEPIHM Ha-—
neTapnelt yaCcTHu (puc.4,a),32BUCUMOCTDE KOIQECULUESHTOB
Tej=1-|sq|2 OT BHeprud AN YeTHHX 3Haueruit £ (puC.40)
u or £ naf pasHbX 3HaueHmi E, (pucC.4p), a TaKEe 3aBh-
CHMOCTE S-MGTPAIN paCCEeAHMA B KOMIJIEKCHOH HJAOCKOCTH
ANA YeTHHX 3HaueHmy £ (Zuarpauns Arpasza) {puc.4,T).

lilpn Gonbuux SHEPruaX pacCeMBaeMbiX YaCTUI XapaxXTep
éasmcmuocwu Tp or £ craHoBMTCH OuUEHD MOXOKHMM Ha pacce-—
fIHMe CUIBHO NOIJIOMAapDMM¥ CUCTEeMaMu, lMeeTCs WMpOKaR
o6nacTh 3HaueHmii ¢, [pU HOTODHX pAaCCEAHHE XADAKTEDH -
3yeTcA JKGO TONBKO NOAHWM TNOTJIOWEHMEM, JARGO MNOJHHM OF —

E =150MaB paxesnen uacTan. [IpOLECC YNPYTOTO PAaCCEAHMA (HAKTHUECHR
0° 40° 120°  O° 80°  120° OnpefefeTCA TONBKO NEePEeXOAHO! OGNACTBD MERLY ITHMM
) OpeZeNbHHMH CJyYafMd.  ECan ODPUPABHATE KUHETUUECKYD
SHepr'in JIUTHA K CYMME KYJOHOBCKO# M LeHTpoGemHOH 3Hep—~
Puc.-. OTHOmenMe ZMGEepEeHLUUaNBHOTO ruit, TO MOXHO NOKA3aTh. YTO Mpu E = 55 M3B nepeoxozHas
gg;eggécgﬂgggegggpﬁngggﬂgpﬁ yggg: 0065aCTh COOTBETCTBYeT DajuyCy B3ammozelicTsms 5-8,5%,
HHX SHAYEHHAX Ep : C yueToM TOro, UTO CyuMa DPafiHycOB JHMTUA U4 yTJepoza
zamspe pagor [RU]- — 3 [O- --- cocTaBaneT 5,5, lerK0 NOKA3aTh, YTO NP BHCOKMX JHEp-
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Puc.4. BaBucmMOCTH CeueHEA ¥ T3 OT 2HEDruu %L pacCe¥BaeMHX UOHOB
614 ma I2¢

PRAX yUPyroe pacCefHH® XADAKTEPR3YETCH NPEEMyReCTBEHRO Nepudepuueckodt o6zacTsn B3amMOZEHCTBUA
CIOXBHX CHCTEM.

Jmarpaumsi ATpaEfis LEeMOECTDUDYLT BEIMUMEY BKNaAa Kaxnoff mapouanbHoll BOJNHH B CeueHBe mpoyecca,
yKasHBANT HA XapaKTep NOTIOmeHEMs (Pesxoe MIM TIafKO€) M B NPUHONUNE MOTYT yKa3a8Th HA HAlRURE De30-—
HAHCHOI'O COCTOfIERA CHCTOMH, B HmOCHeZHEM CIydYae TOURM S -MaTDROH AOJXHH YKIAZHBATLCA Ha OKDYXHOCTE,
DaARyC B HOJOXEHME EKOTOPO# HA KOMILIEKCHOR NNOCKOCTA MOTYT A8Th 3HAUEHME NOJym4PuHH I'p M NOIOXeHRE
E Pe30RaHCA CHCTEMH.

Paccenaue EOHOB KMCIOpOZa. B ravecTme npuuepa YNpyroro paccesHua TAKEJNHX MOHOB HAa fifpax Bume
KYZOHOBCKOTO 0aphepa Ha DHUC,5 HOKAaB@HK PacueTH IO PACCERHMD 60 na ALpax 4003, 60N1, T2egn opa
sHeprum 38 - 74 M3B. JRCIEDUMERTAIGENE MIGHHHE M HapAMETPH HOTEHIMAIOB ONTHUECKOH MOZENR OHAM B3f-
TH B3 pacoT [22,23] . ChnnOWHHMA KDABNMM NOK&3aHH PACYETH B DaMKaX ONTHYECKOH uozend, OTPUXNyHE-
TUDHHME - B paMKax AudpaRGEOHHOTO 1ozxoZa Opama [B3] . OcTaHOBUMCA Ha NOCKeIHEM pacueTe Solee Hof-
pPOGHO.,

W3 ONTHKA MSBECTHEO, uro AulpaxnRA Qpaysrodepa HaGInAAeTCH TOrZA, KOTAE WCTOUHAK M TOUKA Hal-
JIDACHRA HAXOAATCHA Ha CECKOHEYHOCTH MIM KOT'ZA KPMBH3HA BOJHOBOT'O (pOHTA 38 OCHOKTOM Majna. Eciu
MCTOYHUX ¥ HAaGInJAYeldb HAXOAATCA HA KOHEUHOM DACCTOfEMM, TO KDMBK3HA (POHTA BOJNHH BEIMKA ¥ JOJHK-
Ha HalapAaThCA zuppakuus OpeHelf. [pu OYeHb BHCOKUX SHEPI'MAX EaJeTanWUX YacTUH, KOT'Za AXWHA BOJHH
MAZa N0 CPABHEHMD C PaZUycoM B3awudOAciCTBRA, HaCIDAaeTcs Ardpaxnua Opaysrofepa, T.e. CedeHue pac~
cemna -‘i—g ~r*[3,(krey6]* ,

T.e., HaGANZEETCH OCTPHH NUK BHEpeA B yIAOBOM DACHpEZENeHMU, KOTODHH CyxaeTrcsi B O0JACTh MANKX yr-
JOB NP YBEJIMUGHHK SHEPTUM HaRETAOEMX USCTRL,

PaccuoTpiu Temepk B paMKax NOJYRJIACCHUSCKOTO NOAXOZAa yIPYroe pacCefilde TAKEJNOTO MOEA Ha fupe.
NloTeHnuan B3amMOAeHCTBMA AZep NPM ZOCTATOUYHO GOJBEMX PACCTOAHMAX CyAeT X8PAKTEPU30BATECH TOIBKO
KyIOHOBCKMM B3aUMOZEHCTBMEM M TDAEKTODHM YacThn OYAYT COBHAAATH C KYJOHOBCKEMA TDAGKTODHAME, A3
xOTOpHX GIMxallmas K AZDy Ha3HEaETCA TPAEKTODHMe}l KACarMA (pUC.6).

Vi3 pEC.6 7erxc BuAETh, YTO YIOX DaccedAHuA © N NpUUESABHHA napamerp 6 cBABaBN COOTHOmEHEEM

i1 )
6~ctg(%2) - (30)
Ins nasHEOM RIAAcCCAUECKOf TpAeKTODMU pPACCTOAHME HauCOABmMErO0 COJUXCHHSA
(" { '
Da— {{+ ———] . 31
k( si.ne/z) (81)
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Puc,5. Orsomenue AROIGPEENMBNEHOTO CEUGHES X po3eDdoD
HOBCEOMy B JOPYTOM DACCEAHRN NOHOB KECIOPOXA HA DAZ®
anep: o

- ¢~ « EKBA3MRAACCHYOCKRY pacger

d6 /dé,,

0° 40  80°  120° Puc.6. CXeMa DACCEAHEA B DAMEAX
8 ' ) KIA0CHY60KOr'0 10AX0Za
JIinn TpaexTOopMR RACaHuA DaR 3T0 nosSBOAAET ONPeNeNMTH RpuTHYecKufl yroxm 8. , cooi'ne'rcrmmﬁ
TPaeKTopHl
R= 0 i+ — ' ) )
K\ sin8/

=k U2
U3 pEC.6 BEAHO, WTO VaCTHNA, DACCEHBAGMEA KYIOHOBCKUM NOZEM HA JroZ 6, ,kak-CN NOABAAETCA RS
BEPTYANbEOTO MCTOYHMKA, HAXOJIAMEI'OCA HA KOHOUHOM DaccTOAEMEM d OT menTpa paccefinna, KyzroHoscroe

noze RCKaxaeT DPaCCEUBASMYD BONHY TAEMM OCD330M, WfO (POHT BONEH HMEET SaMeTHOe MCEDEBIGHHE 3a
0o018CTH0 filpa. B oTOM cayuae CeueHHe pacCesHus _f_S]

% ®)~ (%%)Ré&é - S(ac))2 + (12 - c<ac))2] , (33)

rae S¢r)EClx) - BETErpams QpeHems :

= ‘/ Slst:lec 25.‘"( ;Sc) ’ Lc‘q.@?(%) y (3%)

Coorromense (33) CnpaBeAAMBO ANA 06XACTH MAJHX IB-SC) B RpeZNONOXCHRR, YTr0

Le>>t, Lesing, = 1.

OHO nonyveHO B NMpeZesBHOM CIy4ae NOJNHOTO NOTJIOMEHEA AAPA C Peskolt rpamuneR ¢ oSpes2amen no [
npr L, . XoTA B DealbRO# CHTyaUuH Hpezienbnoe COOTHOmeRM® (33) MoAedEOMDyeTCH AR(GEY3HOCTED Azxep~
EOl NOBEPXHOCTH ¥ HaXMYMEM AZIGPHEX PA3OBHX CZBHIOB, EMEETCH GOJBEO® YUCHO 3XCNOPHMEHTANBHHX MOA-
TBepEACHRY HanuuuA 9fdexTOB ¢peHenR B yTAOBHX pacMpezeleHMSX yUDYIOTO DPacCefHHS TAEEIHX MOHOB
ApM BHCOKHX SHEPrafx,
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HaCKONBKO XCPONO COOTHomeHMe (33) ONUCHBAET YNPYrOe€ pacCedHde TAXENHX HMOHOB, MORHO BH-—
ZeTh Ha DHC.5. KpurMyeckuih yrox O, M 3suauemMe L, HAXOAATCA M3 YCAOBMSA, uro O 9=86,
Bupaxerue (38) zaer (dﬁ’/dg) / (ds/d.SZ)R=I/4.Pacqer 4BTOPOB CTaTh¥ B paMKaxX OOJIYRIACCHYECKOro Opa-

/

SRUEeHPA , OOKASAHHHH HA pAC.5 MTPAXOYHKTADHHMY JAHRAME, OpOBEJEH C OADAME TPAMA
1b0 + 60Ni, 6. =6109 n =18;
160 + 1228n. ec =77'500 rL ﬁgpat

4, OGcyxpmerme M OCHOBHHE De3yJibTaTH PaGoOTH

llpu paccedBHMM COCTaBHHX 4YaCTHI HA AApaX B OGJACTH 3REPrril HNEe KYJIOHOBCKOIO (aphepa Xexain3M
paccesHusl onpefielIAeTCA KyIOHOBCKEM B3anmoZeiicTereM. [IpM SHEpPruAxX BumE KYAOHOBCKOTO 0aphepa MeXa-
HHM3M YNDYToro pacCcefHusd OnpefiediieTc MHTepdepeHmuell KYJOHOBCKOIO U AAEDHOI'O B3AUMOAEHCTBHUI, U
TOIBKO B 3TO{ OONACTH MOEHO NOAYuHTh MEPODMAn®n O NapaMeTpax ONTHUECHOro noTenuuana., OTKIOHeHME
OT pe3epQOPLOBCKOI'0 DAcCefAHNA HAGANAAeTCA HAUMHAA C YIJOB, ONDsZelIieMHX DACCTOARHMEM

D(e) = (Q/k)(i T /2) = 17(a+a”).

ARanua B paMrax ONTHUECKOH uOZENM 3KCIEPHMEHTALBHHX yI'JOBHX PACcNpeielieHnll ynpyroro paccesHufl
COCTABHEX YaCTHL H3 aTOMHHX AZpax [OKa3HWBaeT, YTO B GOJBHUHCTBE CNyuaeB HaneTanLUe UYACTULH BEAYT
celfl Kax CHUJBHO MOTJjomaeMwe., B OesoM HaCIwAAeTCA HENJOXOe COrjacUe pacUeTOB C ONHTHHMM JAHHHMM
B PaMKax ONTHYECHO{ MOZeNM, HECMOTDA HA HaJMUME CTDYKTYPH pacceuBaeMolf cucTeMm:, CINUHOBUX 30dex-
TOB, HEOZAHO3HAYEOCTEH ONTHUSCKNUX NOTEHIMALOB.

B GonBEMHCTBE CayyaeB YT OBWE DAaCNpelcleRRA yNPYyroro pacCefHus COCT&BHHX YaCTHI ONPEleNAnTCH
TpPeMfA-UeTHPbUA NapUUANbHEMY BOJHAMM, COOTBETCTBYWNUMM NEpexoZHOH OCNaCTL LisXAy NOJHHM NOTJOLEHK-—
€M M MNOIHHM OTDaXeHMEM YaCTMlH, YTO SKBMBAZEHTHO NpeuMyuecTBenHO nepndepruecko#t o6macTu B3auUMO-
ZelicTeua pacceuBaeMoli cucTemt C AADOK.

Haubonee BaxHOM XapsKTEPACTRKON TAXENHX MOHOB B AACPHHX B33aMMOAELCTBUAX ABIAAETCA MX KAaCCHUE~
ckafl npupoZa. [of KIacCUYECKUMA CTOJIKHOBEHMAMM NOHMMAKWTCA TAKUE CTOAKHOBEHMA, NP KOTODHX B3aUNO-
ZelicTByomMe AAPa ABUKYTCA N0 KYIOHOBCKUM TpaeKTOpUAM. CoyZapeHue MOXKHO DAacCHMATPUB3ITh KIACCUUECKH
npu ycnoswu, 4TO n >>{ . OYeBHAHO, UTO 3TO NPEANOZOREHME BO MHOTHX CIAyYafx MOKET CYWECTBEHHO
YIPOCTHTH BHUMCAEHMA., OfHAKO InpKM DaCCefiBMY HE CIAWEKOM TAKENHX MOHOB NPM HeCONBUMX JHEPIUAX
(n~ 0,545) pesyarsTaTH TPYAHO MHTEPNDETHPOBATH B PaMKaXx NpOCTEHmMX NOAXOZOB, TAK KaK 371eCh
He NPOXOLMT HM KjacCuueckoe (n >> 1), HU COPHOBCKOE (N << {) NPHUOIMEEHUS, B ITOM CAYY3€ MOXHO
HaZeATBhCA TOJBHO HA PACUETH B DPAMKaX ONTUUECHOH MOZSINH,

[ipr aHanuse pa3AMYHEX DeaKlMi C yyacTHeM COCTABHHX YaCTHIL OCHOBHOj NpoGneMofi ABAAETCA OTCYyT-
CTBME TOUEHX ONTHUECKHX NMOTEHLMAaJOB. IlpuuuHOli 3TOro Npexze BCEro ABAAETCA MX HEOAHOBHAYHOCTH, D~
IO 3aMeueH0, YTO B CJlyuae pacCefHuf o -uaCTHL Zake C UETHPBMA NapamMeTpamm (Cayyali SKBUBaJIEHTHOf}
T'6OMETDHM) HEe yZalOoCh u13GaBUTECA OT HEOZHO3HAUHOCTEH! M KOPPEeKTHO ONMCaTh NpomeccH ynpyroro pac-—
cefruA, CuTyauus YCHOEKHAETCA TeM, YTO NOTEHOMAAH C SKBUBAJCGHTHOR reoMeTpMell 3a3uaCTy® HE BOCHpO-
N3BOAAT HAOIKNAGMHX YIJIOBHX HaOMIEHEH! B pearUmAxX Nepesay, TaK KAK OHM He olecneyuBapT "npo-
3PavYHOCTH MOBEPXHOCTH", JITy OpO3PAYHOCTH MOXHO CO37aTh nuGO MHMMO{ UYaCThp ONTUYECKOrO NOTeHUUana
¢ pazuycoM u AudPy3HOCTHO LEHBERMA, YEM AJNA GEHTPANBHOI'O AeHCTBUTENBEOI'O NOTEHUMaNa (mECTh N3pa-
METPOB), ANCO KOMOMHAUUe§ OGBEMHOTO U NOBEPXHOCTHOrO NOrjomeHuA (CeMb nmapameTpoB). Bce oT0 npu-~
BOZMT K NOABIEHENR elle GOABmMMX HEOAHO3HAYHOCTEel B ONpellencHHMM NapaMeTpOB ONTUYECHOH MOZesm.

BeaezcTBAe TOrO, UTO C NOMOWBD TOABKO YTIOBHX DAcCNpDEfielieHR) B YNPYTOM pacCesHEMM COCTaBHHX Ya-
CTRI| He yZAaeTcAd ONHOSHAYHO ONPEAEIUTH ONTUYeCKUY NOTEHLMA), DA3NMUHHE ABTODH NUTAIUCh HalTu ycao-
BmA, ROTOpHE OW OTOHpAaj¥ ELUHCTBEHHOEe CeMelfiCTBO NOTEHLMAanoB C HENPePHBHOR HEOZHO3HAYHOCTHL. Ox-
HO# M3 NEepBHX TAEMX PadoT Ouna padora AHro, OCHOBHHE MOMEHTH KOTODPOjJi COCTOAT B CAEAYOWEM [2{].
llpy GonbmmX PACCTOAHUAX B YNPYrOM DACCefHMM NOTEHLUaX Tuna Byaca-CaKkCoHAa NEPEeXOZUT B IKCNOHEHTY

V(2) =Vo<“ exp (%))-’ ==V emP@e“P (-7a)
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T.e. AA7 QUKCHMDOBAHHOT'O 3HaUeHHs O ZNGOR nmoTeHuEBa:n, MMEpmA{ OZHY ¥ Ty Xe BEIMYMEY
I@=En(V)+ R/a , (25)

Zaer oZms ¥ TOT x6 "xBOCT", a CJleZ0BAaTENbHO, OZHO ¥ TO Xe YPAOBOEe DaClpefieliceHME B yNpPYyTOM pac-
CEeflERH.

0ZIHAaKO OCHOBEHM OT'DSHUYEHHMEN 3ITOT'O NOAXOZA ABIAETCH TO, YTO OTGUPEBEMHE NOTEHIRANH AOIXHH
UMETh OZiMH M TOT e napauerp AuGdyssocTa. ApyruM 6oz6e OOMEM NOZXOZOM MOKHO CUMTATh pacyer pa-
ZMYyCOB M BHCOT KYJOHOBCKUX O8pPBEpPOB., B Ccayvae CpeZuux Afep Haufouee AOCTOBepHOR mMHfOpMan®eft, no-
JydyaeNolil H8 OCHOBE 3KCNEDMMEHTANBRHX ZAHHHX, FBIAETCHA BelUYuHAa Oapbepa B3aRNOASHCTBRA

av

Vig =V®Riaads |

ot =0, V@)=V ()+V,(2),

max

rie V@ # V,(z) - fifiepHad U KYJOHOBCKAA YACTU B3aUMOZAEHCTBEA;
Rpgqr — PACCTOAHEE, IDE KOTODGA MOTEHLMAN HOCTEr4eT CBOErO SKCTDEMANBHOr'G 3HAYOHHA,
lloTerauanu, AaoLUe OZMHAKOBOE 3HAUEHM® Vi,y ¥ R . ABIADTCA SKBMBAINCHTEHMH R GyAYT ZaBaTh
OZHO 4 TO Ee yTIOBOe pacnpelenerne, B ciayuae nocToAHHOR ZuddysrocTd TDeGOBaHHWE NOCTOMHCTEA BHCO-
TH KYJZOHOBCKOTO Gapbepa CBOLUTCA K TPeGOBAHMD BHNOJHEHWA paBeHCTBa (35).
TpeThs (OPLYAMPOBKA SKBEBAJESHTHOCTH NOTERUMAZOB Guia NpeAloxeHa Cauzepou [25] . MOoxHO ompeje:
IUTH KPUTUUYECHOE 3HAYeHUe Lt& Kax Beauumpy £ , npk KOTODOH goa@uunent T paser I/2. Torza ms

BHpamenua (31) MoxHO HafiTM 3HAQUEHMe
Dyp= L1+ (ET)"
2~k n )

Bce 3KBMBANEHTHHE NOTEHUMENH LONXHH ZaBaTh OZHO W TO e sHavenme AAA V(Dy,) u \V(DU&)
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ABSTRACT

Accurate measurements of the meutron total cross section near the
resonance-potential interference minima are required to optimize the de-
sign of filtered reactor beams. Neutron time-of-flight transmission
lneasurements were carried out at the Gaerttner Linac Laboratory with kg
.quantitites of usSc and ssFe samples which were obtained from the filters
for the Brookhaven National Laboratory HFBR reactor. The uSSc (99.9%
pure) measurements were garried out both with and without a thick uSSc
filter in the neutron beam, and transmission samples of N_l = 0,922,
1.8u44, 11.7, 50.8 and 152.5 b/a were used. For the prominent minimum

at 2.05 keV, we obtain a minimum cross section of (0.71 + 0.03)b, in

by



56
sharp contrast to a previously reported value of ~ 0.05 barn. The " TFe

measurements were carried out with an Fe filter in the beam and a 56Fe

(99.87% enriched) transmission sample of N_l = 0.174 b/a. The 56Fe

cross section minimum at 2u.u4 keV is (16 + 6) mb.

1.  INTRODUCTION
Quasi-monoenergetic neutron beams can be obtained from white sources
by passing the neutrons through thick filters of materials which contain
prominent resonance-potential interference minima in their neutron total

1,2,3

cross section. Both steady-state reactor sources 455

and pulsed.sources
have been used with interference filters to obtain intense beams of quasi-
monoenergetic neutrons. Two of the most important filter materials are
scandium and iron, as beams of quasi-monoenergetic neutrons are obtained
from the L‘SSC minimum near 2 keV and from the 56Fe minimum near 24 keV.
However, the neutron total cross section of these two nuclei is rather
poorly known in the vicinity of the minima, and these measurements were
carried out to obtain accurate cross section near these minima. Thick
metallic samples of L“C’Sc (99.9% pure) and separated 56Fe (99.87% enriched)
were obtained from the High Flux Beam Reactor filter-beam facility at
Brookhaven Mational Laboratory, and neutron transmission measurements
were carried out at the Gaerttner Linac Laboratory at Rensselaer Polytechnic
Institute.
2. EXPERIMENTAL METHOD

Neutron transmission measurements were carried out by the time-of-
flight (TOF) technique at the Gaerttner Linac Laboratory. A full descrip-
tion of the TOF method and the experimental appératus has already been
reported 6’7, aud only a brief description will be presented here:

The standard water-cooled Ta and CH2—moderated neutron TOF target
and the loB—NaI neutron detector at the 28.32-m flight path were used for

these measurements. The linac was operated at a repetition rate of 500 seé_l,
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an electron energy of = 70 MeV, a peak electron current of = 1 A, and an

electron pulse width of either 19, 35, or 66 ns. The counting data were

recorded vs. TOF with the 31.25-ns TOF clock interfaced to the PDP-7 on-
line computer. The transmission samples were cycled automatically into
and out of the neutron beam by the programmed computer, and a cycle was
repcated every 10 to 20 minutes to average out neutron source intensity
fluctuations.

The propert;es of the l+5Sc and 56Fe samples are listed in Table 1.

The i Sc samples were prepared by vacuum distillation onto a cooled Ta
plate, and the distilled metallic material was subsequently pressed into
steel containers 2.54 cm in diameter. The Sc impurities were determined

by vacuum fusion for the H and 0 and by both mass spectrometry and neutron
activation for the Ta. The 56Fe sample was prepared at the Oak Ridge
National Laboratory from electromagnetically enriched iron in the form

of iron oxide. The metallic sample was obtained by redncing the oxide in

a hydrogen atmosphere. The isotopes and impurities listed in Table 1 were
determined from measurements of the iron oxide and metal respectively.

Two sets of Sc transmission measurements were carried out. In one
measurement the 10.2-cm-long scandium sample No. 1 was placed in the neutron
beam to produce a TOF-filtered spectrum of neutrons which is peaked near the
interference minima in scandium.” This removes most of the neutrons from the
beam and results in a very low hackground of neutrons with energies far from
the minima. Then samples No. 2 and 3 were cyclied into the filtered beam to
obtain an accurate measurement of the cross section near the interference
minima. The othesr measurement was a conventional trancmission measurement.
The 10.2-cm-long scandium filter was removed from the beam and samples No.
4, S and 6 were cycled into the beam. This latter measurement enabled the
cross section to be determined near the peaks of the resonances as well as

near the minima.
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For the 56Fe measurements a 20.3-cm-long filter of pure Armco iron
was placed in the neutron beam to produce a TOF-filtered spectrum peaked
near the iron minima. The 68.6-cm-long 56Fe sample was then cycled into
and out of the filtered neutron beam. The filtering effect in iron is
illustrated in Fig. 1 near the 24 keV minimuﬁ. Here the lOB-NaI detector
relative counting rate is shown for Armco iron filters varying in thickness
from 5.1 cm(2")to 50.8 cm(20"). For this experiment.the 20.3 cm (8") thickness
was nsed, and from Fig. 1 we see that the peak transmission through the fil-
ter jis 48% and that most of the neutrons at energies several kev away from
the peak are removed from the beam.

The TOF counting data were corrected for deadtime losses in the
electronics and for background, and the neutron transmission was then de-
termined. The total cross section o, was obtained from the neutron trans-
mission with the following equation

o, = -(I/N) In T - (N_, o . )/N (1)

. . . 56 .
where N is the thickness of the scandium or Fe sample, T is the neutron
transmission, Naip is the thickness of air displaced by the sample, and

9o is the neutron total cross section of the air. The cross section of
air was obtained from the oxygen and nitrogen cross sections plotted in

BNL—3258.

3. RESULTS
Efgg_ ~- The "Sse total cross section obtained from equation (1)
is plotted in Fig. 2 over the neutron energy range from = 0.4 to 22 kéV.
This plot is a 'blend' of all the 45Sc data, where the data near the peaks
in the cross section are from the thinnest sample and the data near the
deep minima are from the thickest sample. The data have been corrected
for the presence of the contaminants listed in Table 1. No corrections
have been applied for resolution broadening. Since the resolution (FWHM)
is approximately equal to the energy span of three points in Fig. 2, it‘

has practically no effect on the = 2 keV minimum.
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The measured minimum cross section of usSc near 2 keV is (0.71 + 0.03)b,
where the error is derived from a combination of the counfing statistics
and the uncertainties in the H and Ta corrections. The minimum occurs at
an energy of (2.05 + 0.02) keV. This minimum cross section of (0.71 + 0.03)b
is in serious disagreement with earlier measurements reported by Wilsonl?
and others of ~ 0.05 b, and it is also in disagreement with the evaluated

1 of -~ 0.085 b which was based on these older measure-

minimum cross section
ments. Our result of 0.71 b has serious implications for the effective use
of expensive scandium for filtergd beams. The 0.71 b cross section at 2.05
kaV is comparable to the cross section in the higher energy usSc minima,
and thus the length of the uSSc filter should be limited to enhance the
transmitted neutron flux near 2 keV relative to that transmitted at higher
energies.

The LmSe total cross section has been fit by the R-matrix formalism,
and the solid curve through the experimental points in Fig. 2 is a 'best
fit' to the data. 1In Table 2 are listed the resonance parameters derived
from this fit. This fit was determined by the following procedure:

(a) The spins of the positive energy resonances were obtained
by fitting the peak cross sections and the shape of the interference be-
tvween resonances.

(b) Negative energy’levels were introduced to fit the deep
minimum near 2 keV and the thermal cross section.

(c) The neutron widths were obtained for all the resonances such
that (i) the calculated R-matrix cross section curve produced an accept-
able overall 'eyeball' fit to the data, and (ii) the R-matrix minimum total
cross section near the 2 keV minimum equaled the observed value of 0.71 b.

(d) A single radiation width was then d=termined for all the
resonances such that the thermal capture cross section resulting from the

9
sum of contributions from all the resonances equaled the evaluated value

of (26.5 + 1.0) b.
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The best fits to the data are obtained when the J=3 channel spin
contributes significantly to thermal capture. The 'best fit' parameters
listed in Table 2 produce a thermal capture cross section which has approxi-
mately equal contributions from J=3 and J=4 channel spins. This disagrees
with the polarized nuetron results of Roubeau et al.'? where they predict
that thermal capture is dominated by the J=l4 channel spin. However, in
order to produce an R;matrix fit to the data with thermal capture dominated
by J=4 channel spin, the potential scattering radil R& for the two channel
spins differ by almost an order of magnitude. This seems extremely unlikely
for a nucleus like u5Sc. On the other hand, for the parameters listed in -
Table 2, the potential scattering radii for the two channel spins are the
same.

Thermal neutron capture spectra measurements by Bo].o‘ci.n]3 also favor
a significant J=3 channel spin contribution. He observed a primary gamma-
ray transition to the 17 state in quc at an excitation enerpgy of 142 keV.
Thermal capture in scandium consists of a mixfure of capture into 3 or
4~ states, and Bolotin's observed transition strength of 1.3 gammas per
1000 captures indicates that this gamma ray is an E2 transition from a 3~
toal state; The partial radiation width for this E2 transition can be
calculated from the observed transition strength and the resonance parameters.
deduced from‘the R—matrix.fit to the total cross section. The E2 width
.calculated from the 'best fit' parameters in Table 2 is about 6 times
larger than the typical E2 width observed in this mass .and energy range.
and this is reascnable considering the fluctuations of the observed E2
widths. However, when the E2 width is determined from the R-matrix para-
meters which produce predominantly J=4 channel spin thermal capture, the
E2 width is about 500 times larger than the typical E2 width,

Such a 500 times larger E2 width is very unlikely, and thus Bolotin's
measurements favor thermal capture which has a significant J=3 chapnel

spin contribution.
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56Fe——The 10B—NaI detector counts per TOF channel are plotted

in Fig. 3 for the 20.3-cm (8") Armco iron filter in the neutron beam, and
in Fig. 4 for the 20.3-cm Armco iron filter plus the 68.6-cm (27") 56Fe
sample. The 68.6-cm 56Fe sample produces a quasi-monoenergetic peak of
neutrons which peaks at an energy of 24.4 keV, This is slightly higher
_than the;;nergy of 24.3 keV observed with thick Krmco iron samples in the
beamlu, and this difference is attributed to effect of resonances in the
other isotopes of iron.

The total cross section of 56Fe near the 24 keV minimum is plotted
in Fig. 5. Corrections have been applied for the other iron isotopes, and
a minimum cross section of 62 mb is ebserved with a statistical error of
+ 3 mb. However, the impurities contribute a total of (46 4 6) mb to the
cross section at 24.4 keV, where the impurities listed in Table 1 were
combined with their 2u.4 keV cross sectionsg‘and the error predominantly
comes from the uncertainty in the chemical analysis. Thus the 56Fe mindmum
cross section obtained in thi; heasurement is (16 + 6) mb. The solid curve
in Fig. 5 18 a resolution-broadened R-matrix calculation of the 56Fe total
cross section.using the set of parameters15 shown in the figure and the
= 3-channel-wide (FWHM) resolution width.

The 24.4 keV minimum cross section measured for. this 56Fe sample is
an order of magnifude smaller’than the = 420 mb cross section measured for

y
elemental,Fe.l »16

This vesults in a much more intense beam of quasi-
monoenergetic = 24 keV neutrons from this filter than from a filter of Fe
of the same length. VFor example, for {he 68.6-cm long filter with 1/N =
0.174 b/a, the transmission through the 56Fe filter at 24.4 kev is 72%,
whereas the transmission through the same thickness of Fe is only 9%. Th;s
a quasi-monoenergetic beam of = 24 keV neutrons can be obtained with a 56Fe
filter which has excellent transmission through the 24.4 keV minimum and

thus can be used in very thick configurations to reduce unwanted fast

neutrons and gamma rays.
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SUMMARY

The neutron total cross section has been measur-d for uSSc and 56Fe
with particular emphasis upon measuring the cross section in the minima.
The 145Sc cross section has a prominent minimum at (2.05 + 0.02) keV which
is (0.71 + 0.03) b deep. This cross section is an cider of magnitude larger
than estimated from earlier measurementé, and this has serious implications
in the design of a l+SSc filter for reactors. Although the design of a qSSc
filter system depends upon the application of the system (e.g., for neutron
capture spectra, dosimetry, etc.), this higher cross section of 0.71 b
should lead to the selection of 'a thinner qSSc filter than one based on
the former ~ 0.05 b value.

The 56Fe cross section has a prominent minimum at 24.4 keV which is
(16 + 6) mb deep. This is considerably smaller than the = 420 mb deep
minimum in elemental iron, and thus thick filters of 56Fe can provide intense

quasi-monoenergetic beams of = 24 keV neutrons with a very small contamination

of gamma rays and fast neutrons.
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Table 1

SAMPLE PROPERTIES

(A) Scandium Samples

1/N (barn/atom)

1/N (barn/atom)

Atom Per Cent

Sample No. Dimensions (cm)
1 2.54 # x 10.2 2.738
2 2.54 ¢ x 15.2 1.844
3 2.54 # x 30.5 0.922
y 2.54 ¢ x =0.2 152.5
5 2.54 ¢ x 0.55 50.8
6 2.54 ¢ x 2.4 11.7
Impuri Atom Per Cent
H 0.u49
0.18
Ta 0.037
56
(B) " Fe Sample
Dimensions (cm)
3.22 x 3.85 x 68.6 0.174
Isotope
5I+Fe 0.05
56 99,87
57Fe 0.07
58pe 0.006
Impurity Atom Per Cent Impurity
0 .617 Cr
Cu ' .120 W
.059 Ni
.020 Si
.012 P

60

Atom Per Cent

.011
.010
.005
.002
.002



Table 2

N 5Sc RESONANCE PARAMETERS

s-wave level parameters: PY = 0.4 eV
E (ev) Pn (eV) J E_ (eV) r (eV)
o
-500 4.0 (rn ) K| 11575 290
o
-220 0.67 (Tn ) L 14525 20
3295 75 3 14740 26
4330 340 L 15560 28
6684 130 3 15850 5
8023 145 y 18580 32
9092 300 3 18870 ' 62
10625 10 3 20500 80
10735 6 L 20780 710

p-wave level parameters

E (ev) gr (eV)
460.6 0.0022
1060.4 0.0050
7377.0 0.4
7458.0 0.4
7548.0 0.25

Resonance parameters for 45Sc derived from shape fits to the total

cross section.
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FIGURE CAPTIONS

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

The loB-NaI detector counting rate vs. TOF with Armco iron
filters 5.1-cm (2"), 20.3-cm (8"), 35.6-cm (14") and 50.8-cm
(20") thick. The peak transmission through each filter is
shown in parentheses.

The neutron total cross section of l+5Sc. The experimental
data are shown as solid points with error bars (standard de-
viations determined from the counting statistics). The solid
curve is an R-matrix fit to the data using the resonance par-
ameters listed in Table 2. |

The lOB—NaI detector counts vs. TOF channel number for a
20.3-cm (8") Fe filter placed in the neutron beam. The TOF
channel width is 31.25 ns.

The loB—NaI detectér counts vs. TOF channel number for a
20.3—cm_(8") Fe filter plus a 68.8-cm (27") 56Fe sample placed
in the neutron beam. The TOF channél width is 31.25 ns.

The neutron total cross section of 56Fe near the 24.4 keV mini-

mum. The solid curve is an R-matrix calculation using the reso-

nance parameters shown in the figure.
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NEUTRON RESONANCE PARAMETERS FOR 200U%

FPoortmans'y, B.Cornelis', LMewissen;
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X

G.WWanpraett, HWWeigmann

./C.E.N., B-2400 MOL, Belgium
C.A., University of Antwerp, Belgium.

1. Introduction

Because of the importance of 238U resonance parameters and neutron
cross sections in the resclved resonance region for thermal and fast
reactors, many experiments have been performed in the past. There
still remain, however, several discrepancies between %:he results
of the various experiments, especially concerning the resonance
parameters abové 1 keV. Another problem is the inconsistency between
the differential data and the results from integral experiments. For
a detatled discussion of all these problems, the reader is referred
to the proceedings.of two seminars respeétively at Saclay X and at

Brookhaven -

We have performed a series of total,‘capturé and scattering cross
section measurements using the neutron time-of-flight facility at the
CBNM linear electrcn accelerator. The neutron widths have been
obtained for more than 400 resonances below 4.3 keV and the total

capture width for 73 resonances.

Z. Experimental details

The experimental details are summarized in table 1.
The transmissions were measured by alternating the sample in and

out of the neutron beam every ten minutes. The automatic sample changer

x Work supported by the International Atomic Energy Agency.
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was located at 30 meters from the neutron target. The samples were
cocled at liquid nitrogen temperature.

The scattering cross gection was measured relétive to Pb for which
G, = 1..28 + 0.06 barns 3).

The capture detector system consisted of two C6F6 liquid scintil-
lators. Pulse~height and time-cf-flight were recorded simultaneously
and a weighting was applied on the pulse height speatrum. The
energy spectrum of the neutrons at the detector station was

1 .
measured with a OB slab viewed by the C

10

scintillators ; the

F
6°6 1/2

B(n,a)7Li* cross section was assumed to vary as E” in the

energy range of interest. The normalization of the.capture data

was done by observing capture in '"black resonances" of Ag below 70 eV.
The systematic error introduced by the normalization is supposed to be
less than 2 %. The result of this normalization is.confirmed by the
good agreement between the results from the transmission measurement*s

and the capture measurements for small resonances ¢ ﬁ1 L< f; ).

3. Resonance parameter analysis.

The transmission spectra were analysed using a modified Atta-Harvey
code 4). Resonances were described using the single level Breit Wigner
formula. Shape analysis was limited to the low energy range where
the spectrometer resolution was not involved ; area analysis has been
performed throughout the whole region. For the thickest samples
interference effects become evident and a multilevel shape analysis
code due to de Saussure, Olsop and Perez >) was used. Fig. 1 and 2
show an example of thics effect.

A capture area analysis code<due to Frdhner and Haddad 5)
was used to analyze the capture data. This code contains a

Monte Carlo subroutine tc determine the multiple interactioneffects.

For the reduction of the scattering data a special code was
written to fit the geometry of our experiment. After normalization
and background corrections, the influence of selfscreening and
multiple interaction was calculated using a Monte Carlo method.
Finally the resonance parameters were obtained from a single level

area analysis.
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4, Results

The analysis of all data has teen completed and we have obtained

the neutron widths for more than 400 resonances below 4.3 keV. The
total capture width was obtained for mope than 73 resonances.

From these data, we have deduced the following results for the

average properties of s-wave neutron resonances:

4.1, mean capture width :

—

f} = 23.60 meV + 0.11 meV (stat.) + 0.50 meV (syst. erpor)
The distribution of the r}v values around the mean value is

very narrow, the dispersion being only 0.51 meVv,

4.2. s-wave strength function :

4

So (1.0 + 0.21)10° o - 1000 eV

fl

5, = (1:15 + 0.12)107% 0 - 4260 ev.

Fig. 3 shows he sum of reduced neutron widths versus neutron
energy. Between 1.9 keV and 2.9 keV, about 50 % of the strength is due

to only 6 resonances.

4.3 mean level spacing Dy @

This parameter was deduced by fitting the reduced neutron width
distribution to a Porter-Thomas distributién above a bias value
r;o = 0.25 meV. Fig. 4 shows the integral distribution of all
reduced neutron widths. The full tine represents the integral
Porter-Thomas distribution which was obtained by fitting the.
experimental distribution above the bias value r: = 0.25 eV, Fig. 5
shows the results after subtraction of the p-wave rescnances. To do
this, we have taken the l-assignments by Corvi et al 7 below
1.5 kevV and by Rahn et al 8) above 1.5 keV. If we take S, = 1.15 10-4
for the energy range 0 - 4260 eV, we obtain 194 s-wave resonances
what means :

Do = (20.0 1 0.9) ev.
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Table 1.

Experimental Details.

23gY
TRANSMISSION CAPTURE SCATTERING
Energy range 9 eV -~ 4.3 keV 20 eV ~- 6 keVv 15 eV - 1 keVv
Flight path length 60 m 60 m 30 m
Burst width 23 ns 23 ns 23 ns

Channel width

20 ns - 640 ns

10 ns - 640 ns

20 ns -~ 640 ns

Detectors

four °He gas.scint.

two C_F_. scint.

six He gas.scint.

Cut off filter 105 1836 lop

Samples 7.48 107> at/b 1.311 107> at/b 1.32 107> at/b
1.61 1072 5.527 10" 5.53 107
3.78 1073 1.61 1073 1.00 1073
1.009 10~ 6.31 1072 1.01 1072
3.481 107° 1,01 1072
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1. Introduction

Total, scattering and capture cross section measurements were

237Np in the energy range between 8 eV and 204 eV,

performed for
The main purpose of these experiments was to obtain-a value for the
mean capture width. For a few resonances it has been possible

to obtain the resonance spin.

2. Experimental details

The experiments have been performed on a 30 meter flight path

station at the CBNM linac reutron time-of-flight spectrometer.

3He gaseous scintillators were used as neutron detectors for the
transmissiocn and .scattering experiments. The capture detector
consisted of a pair of CéFe scintillators. Pulse height and
time-of-flight were recorded simultaneously and a weighting was
applied on the pulse height spectrum.

The samples were made of Neptunium-oxide powder canned between
0.5 mm thick aluminium plates. Transmission experiments were
perférmed_on three sample thicknesses 1.78 103 at/barns, 5.33 1073
at/barns and 2.36 10-2 at/barns. The sample for the scattering

and capture experiments was 1.39 10-3 at/barns thick.

78



3. Analysis of the data

An area and shape analysis of the transmission Zata was
performed using a modified version of the Atta-Harvey code 1). The
capture data were analysed with the area aralysis code due to
Frohrer and Haddad 2). The scattering data were corrected for
multiple-interaction effects of scattred neutrons in the sample

before performing the area analysis.

4, Results

The neutron widths were deduced from the transmission and
capture data. The results between the two experiments were in
good agreement.

The capture width was obtained for 27 resonances below 50 eV

by two methods.

l. From a shape analysis of the transmission data.
2. By a combined area analysis of the transmission data taken with

the three sample thicknesses.

The parameters g r; andl—§ being known, the statistical weight
factor g and so the resonance spin J could be determined for
10 resonances below 50 eV from an area analysis of the scattering
data. The results are in agreement with those from polarization
experiments by Keyworth et al 3). Fig. 1 shows an example of
such area analysis.

The:-parameter grﬂn was deduced for 213 resonances. The results
are in agreement with those previously measured at Saclay 4). Fig. 2
shows the sum of 2 gr: versus neutron energy. The s-wave strength
function we obtained is :

So = (0.95 + 0.09) 1074 .

The mean level spacing was deduced by fitting the distribution
of reduced neutron widths with a Porter-Thomas distribution above
a blas of 2 glq; = 0.02 meV., Fig. 3 shows the result of this
fitting procedure, which has ylielded :
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The mean capture width for 27 resonances pelow 50 eV is :
Fy = [41.2 + 0.5 (statist.) + 1.0 (s?stem.)] mev.

The fluctuations of r; around this mean value are small (standard
ceviation = 3 meV) excep:t for three resonances at 38.3 eV, 39.0 eV
and 4C.0 ev¥ respectively, for whichl—; is about 50 % larger).

The anzlysis of the scattering data above 50 eV has still to be
cdone. We hope to deduce from these data some mcre results for the

capture widths.
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AU MOYEN DE LA DIFFUSION DES NEUTRONS
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MPatin,JeSigaud,J.Chardine

Service de Physigue Nucléaire
Centre d'Etudes de Bruyéres-le-Chétel
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RESUME

Les déformations nucléaires dans la région des terres rares ont été
étudiées dans le cas des isotopes du tungstsne & 1l'aide de la diffusion de neu-
trons. Les sections efficaces de diffusion élastique et de diffusion inélastique

182,183,184,186

sur le premier et le second &tat excité de W ont &té mesurées
pour des neutrons incidents de 3.0 MeV. L'analyse présente traite des isotopes
pair-pair dans le cadre du modeéle optigue en voies couplées et du moddle
statistique. Les paramétres de défcrmation 8 et B), ont été Géterminés dans

cette analyse et comparés aux valeurs déduites d'études de structure nucléaire.

ABSTRACT

Nuclear deformation in the rare earth region, using neutron scattering,
has been studied for th= tungsten isotopes. Flastic scattering and inelastic
scattering cross sections for the first and seccond excited state of
182’183’18h’l86w have been measured at an incident neutron erergy of 3.40 Mev,
The even isotope dats were andlysed using the coupled channel optical model
together with the statistical model. The deformation parsmeters Bo end Bl were
obtained from this analysis and compared to values deduced from nuclear

structure studies.

* Western Michigan University, KALAMAZOO (USA),
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I - INTRODUCTION

L'étudc des diformations par diffusion de neutrons sur les noyaux situfs
dans la région des terres rares, entreprise tout d'abord sur les isotopes
pair-pair des néodyme et samarium [l], a £té poursuivie dans ce laboratoire
en 1'étendant aux isotopes 182, 183, 184 et 186 du tungsténe. Comme 1'ont
montré des études spectroscopiques [2,3], les 1isclopes pair-pair 182’18h’186w
ont la particularité d'avoir de grandes déformations hexadécapolaires B), néga-
tives. Le but de 1'étude présentée a2 été de déterminer, d l'aide de la diffu-
sion &lastique et inflastique de neutrons de 3.40 MeV, les paramétres de
déformation quadrupolaires 82 et hexadécapolaires B), relatifs aux trois isoto-

pes pair-pair considérés. Les valeurs ainsi obtenues ont ensuite &té comparées

aux prédictions des calculs théoriques.

Le choix de 1'énergie des neutrons s'appule sur des calculs récents [h]
qui montrent, aux environs de 3.40 MeV, une grande sensibilité de la section
efficace totale de 182w aux variations du paramétre de déformation quadrupo-

laire Bp .

IT - DISPOSITIF EXPERIMENTAL ET RESULTATS

Les mesures ont été entreprises auprés du Tandem Van de Graaff du Centre
d'Etudes de Bruyéres-le-Chftel avec un spectrométre de neutrons par temps de
vol & quatre détecteurs. Une description détaillée du dispositif expérimental
a été donnée par ailleurs [SJ. Le résolution globale en énergie de 40 keV
choisie pour les isotopes pair-pair a permis une bonne séparation des groupes
de neutrons de diffusion élasfique et inélastique. Les mesures de sections
efficaces de diffusion &lastique et de diffusion inélastique par les deux
premiers niveaux excités ont &té faites, pour chaque isotope, & 19 angles

répartis entre 20 degrés et 160 degrés.

ITI - INTERPFRETATION

L'analyse des données de diffusion €lastique et inélastique obtenues
pour les isotopes pair-pair a été faite & 1'aide du mod&le optique en voies
couplées et du modeéle statistique utilisant les coefficients de transmission
généralisés. Les paramdtres du potentiel optigue el lcs déformations permanen-
tes B, et B), ont été déterminés simultanément en s'appuyant sur les valeurs
des fonctions densité Sy et &) [6,7], sur le rayon de diffusion potentielle

R! [ﬁ] et sur les variations avec 1l'énergie E, des sections efficaces
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totales ogp [8]. Cette méthode de waramétrisation du potentiel, dite SPRT [9],
s5'est avérée d€licate 3 mettre en oeuvre car les différentes mesures [8] de

Op prises en considération ne semblent pas suffisamment cohérentes entre elles.
En conséquence, ncus avons également choisi nos distributions angulaires de
diffusion &lastique comme contraintes supplémentaireé dans la recherche des

paramétres du potentiel.

Tous les calculs en voies couplées ont &té menés en utilisant la base
de couplage (0%, 2%, L*) et des facteurs de forme complexes pour les potentiels
de couplage. Le potentiel 6ptique, qui a été développé en polyndmes de Legendre
Py jusqu'au multipdle A = 8 inclus, peut s'écrire dans le systéme d'axes intrin-

séques
1l 4 .
= 5 F(rsa505Rg0) s

-
S

. . d 2 -
U=~ Vf(r,ay,Ry)+hi ap Wp a;—f(r,aD,RD)+2 X Vgo 2-
expression dans laguelle :
= O,- 0 1 ] . e 1/3 ..
- Ri=R,; [1 + 82 Y, (0) + 8y, ¥ (6) ], i= {v.p} ;5 Ry;=ri A , i={v,D,50} ;

- f(r,ai,R;) ={ 1+ exp [(r - R;)/a3]} T = {v,p,s0} .

Afin de bien rendre compte de l'ensemble des données expérimentales, il
a 8té nécessaire de tenir compte dans ce potentiel d'un terme complexe d'asymé-
trie (N-Z)/A.

Les paramétres du potentiel optique sont présentés dans le tableau 1.

~

o / . 20z - .
La variation en E, 2 pour l'absorpticn a &té choisie de fagon & mieux

rendre compte des sections efficaces totales cT(En) en dessous de 2 MeV.

Nous présentons dans le tableau 2 les paramétres de déformation Bp et B)
' également obtenus dens cette &tude. Ceux-ci y sont comparés d des valeurs
déterminées de fagon indépendante par minimisation de 1'énergie potentielle de
ces noyaux [2,3,1Cﬂ.

184

Les déformetions de matidre nucléaire du W, déterminées dans les
calculs Hartree-Fock-Bogoliubov de Gogny [10], ont été renormalisées par rapport
& un rayon égal & la valeur ry du potentiel donné dans le tableau 1. Ce sont

ces valeurs de Bp et de By [lQ], ainsi corrigées, qui figurent au tableau 2.

Les valeurs de By et B), déduites de notre analyse de la diffusion élas-

tique et inélastigue des neutrcns sont trés voisines de celles de Mdller [3],
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en étant systématiquement inférieures de 5% environ. Une constatation semblable
peut étre Taite pour les déformations issues de ia référence [;d]. Nous obszer-
vons par contre une différence plus importante quand nos valeurs de Bo et By

sont comparées & celles de Gtz [2].

Dans ce contexte d'une interpritation globale de données de diffusion,
les valeurs que nous proposons pour les déformations nous semblent assez bien

définies & environ * 3% prés pour By et & + 6% pour B),.

Dans la figure 1 nous présentons les distributions angulaires obtenues
pour la diffusion élastique & 3.40 MeV et les sactions efficaces théoriques
qui résultent des calculs en voies couplées (intéraction directe) et de modéle
statistique avec corrections de fluctuations (noyau composé). L'accord observé
est bon. Il est de qualité comparable pour les sections efficaces de diffusion

inélastique sur les états 2% et Lt

IV - CONCLUSICN

La mesure de sections efficaces & haute résolution en énergie des neutrons
a permis d'obtenir, & 3.40 MeV, des distributions angulaires de diffusion
élastique et de diffusion inélastique sur les deux premiers niveaux excités des
isotopes 182, 184 et 186 du tungsténe. Ces mesures ont conduit & déterminer,
avec une assez bonne confiance, les paramétres de déformation B, et B} de ces
isotopes et de confirmer 1l'existence de grandes valeurs négatives pour les

déformations hexadécapolaires prédites par des calculs de structure nucléaire.
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TABLEAU 1
v = N-Z - N-Z 1/
V = 50.00-16 (=) - 0.25 By Wp = 4.93-6 (5=) +1.30 E, 2 Vgp = 6.00
ry = 1.26 rp = 1.28 rgo = 1.26
ay = 0.63 _ ap = 0.4T agg = 0.63

Les intensités sont exprimées en MeV, les rayons et épaisseurs de surface en fm.

Les paramétres du potentiel optique pour la diffusion de neutrons sur les isotopes
pair-pair du tungsténe.

TABLEAU 2

" 182, 18Ly 186y

uteurs

By 8, B B), Bo Bl

Gatz[gf al.t  o,2L0 -0.080 0.230 -0.090 0.230 -0.090

M?%%er 0.235 -0.057 0.220 -0.059 0.213 -0.060

Gogny 0.216 -0.060

[10]
travail 0.223 -0.05L 0.209 ~0.056 0.203 ~0.057
présent

Les paramétres de déformation Bp et B), des isotopes pair-pair du tungsténe. Compa-
raison des valeurs obtenues dans cette &tude aux valeurs issues de calculs de struc-—
ture nucléaire.
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FIG 1 :

Diffusicn élastique d 3.40 MeV. Comparaison entre les distributions

angulaires mesurées et calculées.
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Abstract

NEUTRON CAPTURE AND TOTAL CROSS~SECTION MEASUREMENTS ON FAST REACTOR STRUCTURAL
MATERIALS.

The neutron capture and total cross-sections of a series of nuclides in
the mass range 46 to 62 have been measured at Harwell by the time-of-flight
method. The capture cross-sections were measured for incident neutron energi;s
from a few eV to 800 keV using the neutron booster target of the 45 MeV electron
linac. High resolution total cross-section measurements were made with the
transmission facility on the 160 MeV proton synchrocyclotron. The results of
preliminary analyses of the data are presented on the capture cross-sections of

b9 58 60

Fe, A?Ti, and “Ti'and the total cross-sections of 56Fe, Ni and " "Ni.

1«  INTRODUCTION

The neutron capture and total cross-sections of a series of nuclides in
the mass range 46 to 62 have recently been measured at Harwell. The main
purpdée of the programme was to determine the capture cross-sections of
structural materials used in fast reactors. Neutron capture in this mass

region is also of interest for fundamental physics. Firstly, because
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radiative capture in these nuclides does not apparently behave according to
the statistical theory of nuclear reactions. Secondly, capture cross-sections
in this region are relevant to theories of nucleosynthesis in stellar interiors.

An important aspect of the total cross-section measurements is to provide

data for the multiple scattering cross-sections required for the interpretation
of the capture cross-section measurements.

The cross-sections were determined by the time-of-flight method. The
capture cross-sections were measured with the neutron booster source [1] of
the 45 MeV electron linac using two types of gamma-ray detector. Most of
these data were obtained in the neutron energy range 50 eV to 800 keV using_

a liquid scintillator of volume 230 1. Additional measurements were made

below 100 keV with a Moxon-Rae detector .[2] for the purpose of establishing an
gbsolute scale for the capture cross-sections obtained with the liquid
scintillator. The total cross-sections were measured with the neutron time-of-
flight system thch is based on the 160 MeV synchrocyclotron [3].

In the structural materials, the gamma-ray cascades have characteristically
low multiplicities and vary from one resonance to another, single
de-excitations to the ground state being common. An essential feature of a
éapture gamma-ray detector for measuring the cross-sections of these materials
is, therefore, that its efficiency for registering capture events should be
independent of the detailed rature of the cascade mode. This requirement is
achieved in different ways in the two detectors used in the present work. Another
feature of the structural materials is that they have capture cross~sections
which are extremely small compared to their scattering cross-sections, ratioa
of 10-5 being typical. It is therefore essential that the sensitivity of the
capture detectors to neutrons scattered from the capture sample should be small.

In this paper, the experimental techniques are described, and preliminary

L9

- . b7 .
results are presented on the capture cross-sections of Fe, 7T1 and “Ti and

«
the total cross-sections of )6Fe, 58Ni and 60Ni.
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2+  EXPERIMENTAL

2.1 Transmission measurements

The synchrocyclotron time-of-flight system was described in detail.at
the last Kiev Conference [3]. Since that time, improvements have been made
to the target, the collimation system and to the electronics associated with
the NE110 neutron detector. |

Pulses of neutrons of duration variable from 3 ns to 10 ns are produced
by deflecting the circulating beam of protons on to a thick tungsten target.
Fast neutrons produced in this target are moderated in an adjaceﬂt volume
of water 25 mm in thickness. Neutron detectors situated at 50 m and 100 m
from the target view the moderator through a beryllium window in its
containment vessel. The synchrocyclotfon instrumentation includes a time .
digitizer with 32,000 channels, of minimum width 1.25 ns, for the determination
of neutron flight time.

The new collimation allows transmission measurements to be made on
separated . isotopes, ﬁsing neutron beams of 10 mm, 20 ﬁm or 30 mm diameter.
A 40 mm diameter area of the beryllium face of the neutron source is viewed
by the detector in converging-diverging geometry defined by a combination of
brass collimators. The sample under invéstigation is placed at 13 m from the
neutron source between the two main brass collimators.

The NE110 plastic scintillator coupled to a iow noise photomultiplier
(RCA type 4522) can detect neutrons with energy down to about 10 keV. However,
as shown previously [3], when the pulse height discrimination (bias) is set at
this low level the background in;reases with neutron energy. A system has
been designed by Syme and Dolley (4] which greatly reduces this time-dependent
background. This is.achieved by applying a high bias during the period of the
target gamma-flash and then allbwing the bias to recover exponentially with time

to the low level.
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2.2 Moxon-~Rae detector

The Moxon-Rae detector has been in use at Harwell for many years and has
been described elsewhere [2]. This detector has an efficiency for detecting
capture evénts which is proportional to the excitation energy of the compound
nucleus, and is consequently independent of the gamma-ray decay scheme. The
energy variation of the incident neutron flux is conveniently measured by
réplacing the capture sample with a slab of 105 ang recording the 480 keV
gamma-rays from the 1oB(n,aY) reaction. The cross-sections are placed on an
absolute scale by using a gold sample in the detector and recording the
saturated count rate at the peak of the 4.91 eV resonance (for which ry, > Fn).
The detector efficiency for scattered neutrons has been estimated to be a
factor of at least 10“ smaller than its efficiency for capture events. This
detector was used on a 32 m flight path with the linac operated in its normal

-

mode, in which the electron burst length and repetition frequency are

respectively 150 ns and 192 Hz. Events were recorded on-line using 16,000
time-of-flight channels of minimum duration 62.5 ns. The nominal time-of-flight

resolution of the measurements was 5 ns/m.

2¢3 Large liguid scintillator detector

Large liquid scintillators are currently used to measure capture cross-
sections in several laboratories throughout the world. Independence of the
gamma-~-ray cascade mode is achieved in this case by making the detector
sufficiently large to detect gamma-rays with an efficiency of almost 100%.

In the structural‘materials, capture gamma~-rays with energies greater than

11 MeV are emitted, and the ideal detector would have to be very large indeed.
Such a detector would necessarily suffer from very large backgrounds, and in
_practice a compromise between efficiency and background-rate has to be made.
Unlike the Moxon-Rae detector and its derivatives, the large liquid scintillator

does not require the capture sample to be monoisotopic.
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.The present detector is illustrated in'Fig. 1. It consists of a spherical

vessel containing 230 1 of NE211 scintillator viewed by 12 photomultipliers.
The beam tube in which the sample is mounted is made of beryllium of wall
thickness 6 mm. This material was chosen because of its low capture
cross-section and relatively few resonances in the neutron energy region below
one MeV. This has the effect of reducing the capture of scattered neutrons
in the material of the tube and the neutron energy dependence of this source
of background. Part of the tube is lined with 1OB to reduce further any
background from scattered neutrons. The background caused by neutron capture
in the hydrogen of the scintillator is suppressed by adding 10% by volume of
methyl borate to.the scintillator solution. The detector is split into two
optically separated halves by a thin aluminized Melinex mirror. -This enables
a factor of ~7 reduction in natural Background to be achieved by operating
the two halves of the detector in coincidence.

Amplitude discrimination is normally applied to the output pulses from

the detector, such that gamma-rays below about 2.5 MeV are not accepted. It

ALUMINIZED

‘MELINEX '
: PHOTOMULTIPLIER

ASSEMBLY

\\,\\

INCIDENT,
NEUTRON
0EAM S , g LiNeR
CAPTURE
SAMPLE
Be TUBE
Fige 1 The 230 1 liquid scintillator detector used for measuring capture
cross-sections. .
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is estimated that, with this condition the detector efficiency for prompt
scattered neutrons is generally much less than 10-4, and background due to
this source is no more serious than in the Moxon~Rae detector. The major
background component has been shown [5] to be caused by neutrons which are
scattered by the sample and then moderated in the scintillator (with a
relaxation time of ~8/Ls) before capture. This effect has the important
consequence that neutrone abcve the energy range of interest can cause
background in the time-of-flight measurements. Because of the nature of the
neutron spectrum from the linac target, this effect creates a problem when
measuring small capture cross-sections above a few tens of keV. The background
is particularly serious in measuremsnts on the structural materials at a

few hundreds of keV incident neutron energy, where the cross-sections fall to
a few millibarns. A new technique [5] has been applied to reduce the background
by filtering the neutron beam through liquid helium. The filter removes
preferentially the unwanted high energy neutrons by virtue of the resonance

in helium at 1.15 MeV. The filter used is one-third of a metre in length
which reduces the number of source neutrons above 1 MeV by a factor of about 8,
i%s transmission at 1.15 MeV is 0.0% and rises to a constant value of 0.63
below 250 keV. At 150 keV incident neutron energy the use of this filter
produces a four~-fold improvement in the signal to background ratio for the
capture cross~section measurements on iron.

The detector is used at a flight path length of 97.5 m. Detector signals
are recorded in a two-dimensional array with 8,000 1/8 us timing channels and
64 pulse height channels which cover the éamma—ray energy range up to 12 MeV.
In the present measurements the nominal time-of-flight resolution was 1.7 ns/m.

The energy spectrum of the neutron beam incident on the capture sample,
which is required to convert the observed counting rates to capture yields was
determined with two separate detectorss. At energies below 30 keV a 1 mm thick

6Li-glass detector was used, the 6Li(n,o.) cross-section being well-established
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to have a "1/v" energy~dependence in this region. At the higher energies, the

235U(n.

spectrum was based on the £) cross-section. using measurements made

with a fission neutron detector [6].

2.%.1 Determination of detector efficiency

In the present relatively small detector, the probability of
interaction ("iﬁtrinsic efficiency") of a single 8 MeV gamma-ray is about
50%. If this amount of excitation is shared equally by three gamma-rays
the intrinsic efficiency rises to 96%. In making capture measurements with
this system it is clearly important to know how the decay of the compound
state varies with incident neutron energy. It is for this reason that the
pulse-height as well as the time-of-flight of each event is recorded. 1In
addition, events in which coincidences occur between the two halves of
the deteétor are recorded separately. The observed fraction of.coincidence
events to all events in a particular resonance, or neutron energy region,
is used to give some indication of gamma-ray multiplicity.

A Monte Carlo code has been written which predicts, for a given gamma-ray
cascade, the pulse héight distribution which will be observed in the detector.
If the actual decay mode of a particular resonance or incident neutron energy
region is already known, the code enables the detector efficiency to be
calculateds 1In general, however, no information on the cascades is available,
and a method has been aéopted whereby the observed pulse Aeight distribution
and the fraction of events occurring in coincidence are used to estimate the
energy-dependence {shape) of the detector efficiency. This scheme is still
under development but it is thought that, at the present stage, the shape of the
efficiency.can be determined for the structural materials with an uncertainty
of about :jo%. The absolute effiéiency of the system is less accurately

determined.
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2.4 Background determination

The earlier paper on the synchrocyclotron total cross-section facility [3]

described the '"black resonance" method of determining background in
time-of-flight measurements. - Filters of materials with large neutron
resonances are placed in the beam,such that all incident neutrons at the
resonance énergies are removed. Different filter thicknesses are used to
determine the attenuating effect of the filters on the background and
thus extrapolate‘the observed background to the true value at zero filter
thickness. The time-dependent background in the capture measurements was
determined with the same technique, using filters of Ta, Mn, Al and Si02.
The permanent He filter provided a valuable extra point for the extrapolation

of this background above the highest black resonance (440 keV in oxygen).

The time-constant component of background was measured in the usual way,

by observing the counts in a time interval near the end of each accelerator
cycle, where all incident neutrons have been removed by the presence in the

beam of a 10B "overlap" filter.

Several different thicknesses of each capture material were used in the
cross-section measurements. The data from the thickest of these (~5 mm thick)
are being examined to see if there is a significant capture cross-section
between resonances at low energies. The initial.resonance analysis of the
data for the thinner samples, however, assumes no contribution for an underlying

capture cross-section between resonances.
3. RESONANCE ANALYSIS

3.1 Transmission data

Two computer programs were used to obtain the results which are presented
in this paper. The more comprehensive of these, REFIT [7], uses multi-level
R-matrix formalism to represent the cross-sections. Doppler broadening of

the resonances is based on the gas model with an effective temperature. The
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_program requifes “éﬁafting values" for the resonance parameters, and then

iteratively adjusts'théqe until a best fit to the data in a:least squares sense

is achieved.
The program can fit several sample thicknesses of different isotopic
composition simultaneously. It has been found that, when using the program
with severél samples, parameters other than those of the resonances bhave
often to be adjusted. These may include the energy scale and normalization
of all but one of the samples, and the background and resolution function for
each sample. ther parameters that can be adjusted are the effective temperature
of the sample and the abundance of a given isotope.
When well isolated s~ or p-wave resonances are to be analysed, the well-
known ATTA-HARVEY {8] code is used. This is an area analysis program based
on the single level Breit-Wigner expression. The program produces rapid
results which is an advantage when many'resonances are to be analysed.

Parameters derived with the ATTA-HARVEY code are used as the starting values

for the multilevel_code.

3.2 Capture data

The measured caﬁture yields (observed capture events per incident neutron)
_ are being analysed with two similag programs, both of which representlcross-
septions in the multi-level R-matrix formalism. The program FANAC written by
‘Frdhner of Karlsruhe is fully documented [9]. First-coliision yields are
derived analytically from the capture aﬁd_total éross-sectiqns, while the
multiple scattering contribution to the yields are obtained by the Monte Carlo
method. Narrow resonances are Poppler broadened, and after allbﬁing for
instrumental resoiution‘the calculated yields are cdmpared-with'the measured
data. Measurements from differeﬁt experimental runs with different sa@ple"
thickness or resolution can be f;tfed simultaneously.

" The second program fof‘the analyéis_of capture yield data was written at

“Harwell by Lynn and Moxon.[1oj, 'This program uses the same sub-routines to
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calculate the Doppler-broadened R-matrix cross-section as the transmission

program REFIT. A first collision yield at a given incident neutron energy

is calcﬁlated both analytically and by the Monte Cario method. The scattered
fraction of neutrons is then tracked through the sample and the multiple
scattering.contribution obtained. The calculated yields are then folded
with the ;esolutiqn function and compared with the measured data. The’
'resénance parameters are adjusted-until a‘fit,to the observed data is

obtained.
9. RESULTS

4.1 Total cross~sections

Since the last Kiev Conference, in which transmission measurements on
two sample thicknesses of iron, nickel and titanium were described [3],
further measurements have been made on samples of the five stable isotopes
of titanium,'58Ni, two sample thicknesses of cobalt and two sample thicknesses
of iron.

Preliminary values of resonance-engrgies and neutron widths have been
obtained for the tifanium isotopes using REFIT. These parameters have been

46 48

extracted for the principal s-wave resonances below 100 keV for Ti, Ti and

50 49

Ti. For the odd-N isotopes 47Ti and “Ti, the analysis is more complex
due to the incréased level'densify, nevertheless many resonances have been
studied, particularly in the region below 30 keV. The results of preliminary
analyses of some of the iron anq nickel data are presented below
(1) pe

The s-wave resonance pérameters up to 500 keV obtained with REFIT
are given in Table 1. Examples of the fits to the data are shown in Fig. 2
for the 27 keV resonance, and in Fig. 3 for the pair of resonances at 35646
and 30.3 keV. In the latter case, the regions around the smaller resonances

at 362.5 and ‘373 keV were not included in the analysis. The fit to the data

929



! 1

n = 01025 atoms/barn |
eee DATA -

Z
Q
192
v
%
z 10 I 1 L
s T | | 5
- i n=02560 atoms/barn |
- eeeDATA -
05}t -
s -
L //'—l
00 L ool fghg al 1
20 30 35 40
NEUTRON ENERGY keV '
Fige 2 Least squares fits to the transmission data for iron in the region

of the 27 keV resonance in 56Fe. The resonance. parameters obtained

are given in Table 1.
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Fig. 3 Least squares fits to the transmission data for iron in the energy region 355 keV to 375 keV.
‘ The resonance parameters obtained are given in Table 1.



TABLE 1 RESONANCE PARAMETERS (€ =0) OF 56F’e TP TO 500 keV

j Resonance - Neutron Pno

: Energy. Width :

7 (keV) (keV) (eV)

, i

27.748 | 14396 8.380

’ 73.933 0.613 2.255

: 83.439 | 1.182 L, 283 :

L 129,703 0.550 1.526 ’

| 140.149 2.608 6.968

' 169.000 0.925 1 2.250

187,266 3.246 74500 |

- 220.268 1,211 2.580 |

24688 0: 454 06918

- 277.007 2.382 4.526 i

317.662 6.167 10.944
330,932 | 0. 364 0.632 3
3564605 1 2.173 3.639 |
3600342 | 6041 10,063 i
381.106 104325 164756 }
4oL, 748 2.364 3.716 i
437,550 ' 1.284 , 1,942
469.105 2.103 , 3.070 |

_shown in Fige. 3 suggests that there may be other small resonances at
258.7, 366.5 and 369.5 keV. In the 27 keV region, the fit assumed parameters
for the small resonances which are seen in the capture data (see Fig. 5), but
even ignoring those resonances had a negligible'effect on the parameters of
the 27 keV resonance.

The preliminary parameters given in Table 1 are in reasonable agreement
with other results only where multilevel fitting has been used and the

resolution is adequate to separate all the resonances,
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(11) “8N1 ang °

Ni

Area analysis using the ATTA-HARVEY code has been completed for
87 narrow (é > 0) resonances between 20 and 310 keV. 'The transmission data
were obtaiﬁed with two thicknesses of natural nickel. Measurements with a
sample of separated 58Ni were used for resonance identification, and all but
three of the analysable rescnances were found to belong to 58Ni and 60Ni.
The present preliminary results (Table 2) were derived with an adopted value

for l"Y of 1 eV for all resonances following the recommendation of Moxon [15].

I3
v

TABLE 2 PRELIMINARY AVERAGE RESONANCE PARAMETERS (é7> 0) IN NICKEL

f' ] ! | l
Nuclide | Energy range Sample = <g Fn1> t Number . sn1 ;Asn1'
! (keV) thickness | (. b of (x 104 ‘
| i (mm) ‘resonances |
f ! ‘ (n)
26,5 - 207.5' 18 0.634+0.013 b0 0.46+0.019 0.0
58 | 6 0.71470.034
Ni s T S U
26.5 - 302.5 | 18 0.649+0.011 53 0.41+0.013 0.08
i 6 10.71140.027
1 b
Recommended [15] § = (x 107) = 0.70
f 133.0 - 2008 18 0.637+0.02k 17 10.2140.012 0.072
' 6 i | 6 10e71340,049 - - ;
. 60... : ad : .
R e demmmm s -
; £ 33.0 - 295.7 | 18 0.975+0.018 | 31 0.37+40.013 0.094

! 6  10.98240.043 ‘ ;
i i ; . : !
, a 1 4 r }
i i Recommended [15] S ' (x 107) = 0.75 i

i : |
* Asn1 = ,/?z;.s;

It can be seen from fhe table that the two samples give consistent values of

. 1, .
an1 under the PY = 1 eV assumption, where Fn is the reduced neutron width

for p-waves. Two energy ranges are compared in the table. These give identical
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soNi some loss of smaller resonances is evident.

results for 58Ni. but in
These features are also apparent in the p-wave'strength functions, Sn1

(where g = 1). The errors quoted are from those in the measurements, and

as expected these are much less than the uncertainties due to the finite
number of resonances observed. The reocommended values of the strength

functions [15) are somewhat larger than the present measurements indicate.

4.2 Capture cross-sections

It was seen in section 2.2 that capture yields measured with the Moxon-Rae
detector are normalized to absolute values by using goid as the capture sample
and recording the saturated counts near the peak of the 4.91 eV resonance. The
measurements made with the large liquid scintillator did not extend to energies
below 50 eV and in general this "saturated resonance"‘technique of
normalization could not be used because of the lack of suitable resonances. The
liquid scintillator yields yeré therefore normalized to the abscpluté values
obtained with the Moxon~-Rae detector using the same.aamﬁle. This was.done
by.selecfing promiﬁeht isolated resonances and:eﬁuating the caﬁture ‘areas
observed in the two detectors.

Capture yields have been measured with the‘liquid-scintillator fdr'sevefal
| ' 46 48, 49

sample thicknesses of iron, nickel, chromium, cobalt, Ti, k7Ti, Ti, . Ti

and M. The 4815 ‘data were obtained with 4 metallic sample of the nat'u'r'al-'
.element, while fhe remainder Sf tﬁe titanium measureménts:were made with
isotopically enriched oxide samples on 1§a; f;om the Oak Ridge_Nafionﬁl
lLaboratory. _Preliminary épalxsee.?f qome-of'the capture measurements are
given below. .
(i). Iron

The 1.j5 keV resonance in~56Fe was cﬁbsén for ndfmalizing the capture

'yields. Figure Q shows the Moxon-Rae data in the'}egion of:this‘resonance.'

The figure also shows the capture yield calculated yitﬁ the Harwell code [10]
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Fig. &4 Capture yield for iron observed with the Moxon-Rae detector in the
56

region of the 1.15 keV resonance in ~ Fe. The curve is the yield
calculated with a Monte Carlo code (10] using resonance parameters

given - in BNL 325, Third BEdition, Volume 2.

~using the resonance parameters given in BNL 325, Third Edition, Volume 1. The

good agreement'betweqn experiment and calculation confirms the recommended

parameters.
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Figyre 5 shows the normalized cépture yield data obtained with the
liquid scintillator in the regionldf the 27 keV fesonance in 56Fe. The
results from both detectors are an good.quantitative agreement in this
energy region. ‘A preliminary calculation with the Harwell capture yield
program indicates that the radiation width of the 27 keV resonance is 1.25 eV.
In this calculation it is assumed that the ‘detector efficieﬁpy for scattered
peutrons'is(negligiblé. If the ratio‘of the detector efficiency for scattered
neutrons is a factor of 1bh smaller than its efficiency for capture-events,
the above radiation width would be reduced by about 0.14 eV. Figure 5 reveals
many other resonances, all with rather similar radiation Qidths, which can only
be seen with difficulty in transmission data.

Although a detailedllist of all the resonance parameters of a-particular
;nuclide. if available, would completely specify the capture cross-section,
for some purposes all that is required is an average value. In nucleosynthesis,
for example, the important quantity is the cross-section averaged over a
ﬁaxwellian neutron. energy spectrum at a temperature corresponding to that in
a stellar inte?ior (~ 10 keV), In fast reactor calculations group cross-.
sections at the upper end of the spectrum are often baSed.on strength functions
observed at lower energies. Such estimates of the cross-sections can be
subject to.considerabie unceftainty and diredt.meésurement is clearly
preferable.

The average cépture yield observed with a 2~mm thick iron sample.in
the liquid scintillator is shown in Fig. 6. At the present stége of analysis

an experimental uncertainty-of :?O%_is attributed to the measurement.

(ii) *"1i ana Ym

Many unreported resonances have been observed in the odd-N
isotopes of titamium which are often not apparent in the transmission data.

47

Figure 7vshows a comparison of the yields observed in 'Ti with the two

detectors in the same region of incident neutron energy. The ability of the
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Fige 5 Capture yieldé for iron observed with the large }iquid scintillator in

the energy region 20 keV to 40 keV. The curves through the smaller

resonances are a guide to the eye.
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Fig. 6 The average capture yield for iron observed with the large liquid

scintillator in the energy region 1 keV to 800 keV.

liquid scintillator to resolve doublets, which are only seen as single peaks
with the other detector, is apparent. In the neutron energy region 50 eV to

100 keV where the measurements from the two detectors overlap, the capture

yields observed with the same sample are in good agreement, apart from effects

attributable to the differing resolutions.
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Fig. 7. Time-of-flight capture spectra from an oxide sample of A?Ti in the

energy region 1 keV to 13 keV.

by asterisks.

New resonance energies are indicated

Finally, Fig. 8 illustrates the fit obtained with the FANAC code to

' . 49, .
a portion of the liquid scintillator data obtained from a sample of _9T1O.2

in the region of the 3.82 keV s-wave resonance in

49

Ti. The neutron width

used in the calculation was derived from the synchrocyclotron transmission data.
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Fig. 8 Fit obtained with the-code FANAC [9] to the capture yieid observed
with the liquid scintillator for the 3.82 keV (spin 3) s-wave

. b9,
resonance in 9T1.
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"BOIFOCh ATOAHO. HayKA 4 TEXHASH.

BulB0I PACAYECKA, AHIEAC PASOT HAYYHO-TEXHIUECKOT'0 CBOPHAKA

CEPn: 5IEPHUE KOHCTAHT:", 1978, Bum. 3(30),
B MEZJiyHAPOUHO. CHCTHWME CHHIA
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Element : Quan-:Labora-:Compi-:Work-: Mergz, REFERENCE DATE COMMENTS
S : A : tity :tory sler type :M

MG DNG EUR ) E 1447 TK 3(30)21 78|BEZ@TYSNY+.SIG(NEUT-E), TBL, T9F

sI DNG KUR @ E 1447 YK 3(30) 2 78|BEZ@T@SNY+.SIG(NEUT-E), TBL, T@F

P 031} DNG KUR g E 14447 IEK 3(2%0)21 78|REZ@TPSNY+.SIG(NEUT-E), TBL, TPF

s DNG KUR @ E Tol47 YK 3(30)21 78|BEZ@TPSNY+.SIG(NEUT-E), TBL, T@F

s¢ 045 | T@T USa @ E 4,042 | 2.2+4|YK 3(30)21 78|BL@CK+.TOF, SIG(E), GRAPH

CR NP FEI @ D 2,046 | 2.0+47|YK 3(30) 3 78|@STAPENK@+.TBL

CR NA FEI @ D 5.0+¢6 | 2.0+7]YK 3(30) 3 78|@STAPENK@+.SIG(NEUT-E), GRAPH

CR 050 | NA FEI 2 D 5.0¢6 | 2.0+7|YK 3(30)11 78| ABAGTAN+.TBL

CR 050 | NPN FEI )] D 1.146 | 2.0+7|YE 3(30)11 78| ABAGTJAN+.TR

CR 050 | NNP FEI @ D 1,146 | 2.0+47|YK 3(30)11 78| ABAGTAN+,TBL

CR 050 | NP FEI 1) D 0.040 | 2.047|¥YK 3(30)11 78| ABAGTAN+.SIG(NEUT-E), GRAPH

CR 052 | NP FEI @ D 5.046 | 2.0+7|YK 3(30)11 78| ABAGIAN+.SIG(NEUT-E), GRAPH

CR 052 | NA FEI @ D 5.046 | 2.047|YK 3(30)11 78| ABAGJAN+,.SIG(NEUT-E), GRAPH

CR 052 | NNP FEI @ D 1.2 2.0+7| YK 3(30)11 78| ABAGIAN+ ,SIG(NEUT-E), GRAPH

CR 052 | NPN FEI @ D 1,147 | 2.0+7|YE 3(30) 3 78| @STAPENKP+.SIG(NEUT-E), GRAPH

CR 053 | NNP FEI @ D 1.447 | 1.9+7|YK 3(30) 3 78| @STAPENK@+.SIG(NEUT-E), GRAPH

CR 053 | NPN FEI @ D 2,046 | 2.0+7|YK 3(30) 3 78| PSTAPENE@+.SIG(NEUT-E), GRAPH

CR 053 | NP FEI ] D 4,046 | 2.0+7|YK 3(30)11 78| ABAGJAN+,SIG(NEUT-E), GRAPH

CR 053 | NA FEI @ D 5.0+6 | 2.0+7|YK 3(30)11 78] ABAGJAN+.SIG(NEUT-E), GRAPH

CR 054 | NA FEI ) D 5,046 | 2.047{YK 3(30)11 78! ABAGTAN+,SIG(NEUT-E), GRAPE

CR 054 | NP FEI @ D 8,046 | 2.0+7|YK 3(30)11 78 ABAGIAN+.3IG(NEUT-E), GRAPH

FE NG HAR @ E NDG YE 3(30)90 78 GAYTHER+.GRAPH

FE 056 | T@T Usa @ E 4,042 | 2.2+4}YK 3(30)51 74 BL@CK+.T@P, SIG(E), GRAPH

FE 056 | T@T HAR @ E NDG YK 2(30)90 7; GAYTHER+ .GRAPH

NI 058 | T@T HAR @ E NDG YK 3(30)90 75 GAYTHER+.GRAPH

NI 060 | T@T HAR @ E NDG IK 3(30)90 78 GAYTHER+.GRAPH

W 182 | SEL FR @ B 3,446 YK 3(30)84 78| DELARGCHE+.GRAPH, TEL

W 183 | 8% 7R @ E 3,446 YK 3(30) 84 7¢' DELARPCHE+,GRAPH, TBL

W 184 | SEL FR ) E 3,446 YK 3(30)84 78 DELARGCHE+ .GRAPH, TBL

W 186 | SEL FR 2 E 3,446 YK 3(30)84 78| DELARZCHE+ . GRAPH, TBL

W 4182 | DIN FR @ E 3.446 YK 3(30) 84 78| DELARPCHE+.GRAPH, TBL

W 183 | DIN FR @ E 3,446 YK 3(30) 84 78| DELARZCHE+.GRAPH, TBL

W 184 | DIN FR @ E B 446 YK 3(30) 84 78| DELARZCHE+.GRAPH, TBL

w 186 | DIN FR @ B 3446 YK 3(30) 84 78| DELAR@CHE« . GRAPH, TBL

HG DNG KUR ) E 1 o447 YK 3(30) 21 78| BEZ@TPSNY+.SIG(NEUT-E) . TBL, T¢F

BI 209 | DNG KUR @ E 1447 YK 3(30)21 78 BEZ@TPSNY++SIG(NEUT-E), TBL, BIF

TH 232 | GP FEI @ E 4,546 | 7,046 YK 3(30) 3 78| §STAPENE@+.YID, SIG FPTPFISS,
TBL

U 233 | GF FEI g B 4,546 | 7.0+6| YK 3(30)3 78 | PSTAPENE@+,.YLD, SIG F@TPFISS,
TBL }

U 235! GF FEI 2 E 4,546 | 7,046 K 3(30)3 78 | PSTAPENK@+.YLD, SIG FPTPFISS,
TBL

U 236 | GF FEI ) E 4,5¢6] 7.046 YK 3(30)3 78 | gSTAPENK@+.YLD, SIG FPTPFISS
TBL

U 238 | GF FEI g B 4.5¢6| 7.0+6] YK 3(30)3 78 | gSTAPENE@+. YLD, SIG PPDFFISS,
TBL -



Oronuanme

Element : Quen-:Labora-:Compi-:Work- : Energy, EV: REFERERCE:DATE: Comments
s A tity :torxry tler shype : Max: :

U (238 | RBES BIG @ B NDG YK 3(30)68 78 |P@PRTMANS+.ANALYSIS, RES
PARAM, GRAPH

U |[238 | STP BLG @ E NDG YK 3(30)68 178 |P@PRTMANS+.S0=1.0+-0.21,
S0=1,15+-0.12

U |238 | DNG FEI @ T 5.046 |[1.447 | YK 3(30)24 78 |BYCHK@V+.NEUT-SPEC, TBL

U {2328 | ReN FEI @ T 5.046 [1.447| YK 3(30)24 78 |BYCHE@®V+.NEUT-SPEC, TBL

U (238 | R3N FEI @ T 5.046 |1.447| YK 3(30)24 78 |BYCHK@V+.NEUT-SPEC, TBL

Kp (237 | GPF FEI ] E 4,546 (7,046 YK 3(30) 3 78 |@STAPENK@+.SIG(NEUT-E), GRAPH

FP (237 | RES | BIG ) E NDG YE 2(30)78 78 |MEWISSEN+.GRAPH

NP {237 | STF BLG @ E RDG YK 3(30)78 78 |MEWISSEN+.+S0=95+=0.9

FU |239 | GF FEY @ E 4,546 [7.046| IK 3(30) 3 78|@STAPENE@+.SIG(NEUT-E), GRAPH

PU (241 GF FEI @ E 4,546 [7.046| YK 3(30) 3 78|@STAPEFK@+.SIG(NEUT~-E), GRAPH

AM 1281 | GP FEIL ') E 4,546 [7.046| YK 3(30) 3 78| @STAPENK@Z+.SIG(FEUT-E), GRAPH
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YIK 534.173.3

BHXOQ, CEYEHME QOTONEIERMA M30TCOOB Th, U, Np, Pu @ Am B OENA-
CId SHE%i 4,5—'7,0 M3B, - "Bompoon aTomHOf ﬁayl'n ¥ TOIMEEE. Cepms:
%le e xoHcTamTR", 1978, mm,3(30), ¢.3-11. ABT,: 0,B.Ocranemko,

H, BxER, A.C.CoxmaroB, B. Jyxo, DM, llanemm,

e (2 e ax ede eJe LIS _He-
L L3 el R ) LR e Ul P e R L e
B 00nAcTE SHepruft 4,4-7,0 MaE, moxydeHRHe Ha DYIKe TOIMO3HEX -
KPaHTOB MEEKDOTDOHA, PeSyuNbTalR B BEIE °“°B§ RHXONOB oTOmencHER
HCCREILOBABEAXCA ANED K nuxoy,}' doromeneHER CPOBHEBARTCA C JAEHEME
IDyIEX aBTopos (pmc.6, tadn.l, cmacox )mT. - 4 Haz®.),

JIK 539.172.4

CEUYERAY ICOPOT'OBHX PEARUMA C BHIETQM 3APAEEHHHX YACTUII HA
HU30T IPQMA, - "B cH arcuuof Hayx® ¥ Texurek, Cermsg: Huepmue
EKOHCTAHTH" , 1978 mm.g(SO), ¢.11-21. Apr,: I.I.AGeran, B.M, buuxos,
C.M.3axapoBa, A.B.Dlemenro.

IpoBegeRa omeHEA ceYeHMP NMODOTOBHX peakifP ¢ BHICTOM sggmnnux
JaCTET NAS HSOTONOB XpaMa B OGN&CTE SHEPTEH OT Iopora Zo MaB. Onen+
K& OCHOBRH@ KaR H& JAHEHX SKCHepEMEHTAaJbHHX DadoT, ONYONEKOBAHHHX XO
1977 r,, TEK B HA pe3yAbTATAX DACUETOB N0 TEOPOTEYECKHM MOHeIsM
(redx.il, cmecor mmr. - I5 Hass.).

YIK 539.172.4

TQIHNE OFPAROBAHUS  T-KBAHT(OB IPY HEYIIPYTOM B3AMMOIENCT-
B I4 MasB OHOB C PARIMYHHMY AIPAMM. - "Bonggcu armMHOR HE, .}
TeXHpEd. CepHg: AnepEHe KOHCTEHTH", 1978, ®um,3(30), ¢. 21-24, ABT.:
B.M.besorocmuft, B.M.I'opsazes, I.M.Cypom, M.C.lBencs.

NipwBeeHH NONHHC _CeYeHMsi oCpA30BAHEA §-KBEHTOB IPE HEYIDPYTHM
psamMoreficteem 14 MaB me#trpomOR mna 13 Amep ecTecTBEeHHOT'O E30TAOHOT'O
cocrTama.

MsMepeHEA BHEOAHEHH Ha EMIOYABCEGM HCTOuEMKe 14 M3B HeATpPOHOB HA
obergTIeCERX odpasmax (4 -recde ) C HCIONB3OBAHEEM METONHKA BDeMe-
HR OpoXeTa B COMHTEIUIATMOHHOI'O -cnex'rpmerga OOJHOTO IMOINOMEHHEA C
KpECTANnOM NaI(T1) mgggm ag 200x100 MM, VMzMepeHBES® NOJHHE CEYEHEA
OEASANMCH PABHEME, MO: 173243 ; 20004380 s4; 2515+555P;2250+4105;
4010§61390 7i; 5570+9902n; 583041340 zr; 5800+1200 Mos-719521362~ Cds
6815¥1200 Ig; 6483%»1220 sn; 940041640 Hg; 1I680+2780B1 (racn.l, cmm-
COK JHT. - HA3B.J. ° .




YIK 539.172.4

CHEKTPH BTQ%EHHX HEATPOHOE, UCIYCXARMHX [PY B3AUMOIEMACTHIL HERTPO-
HOB C ALPAM +EHIKOB L., Hamenxo A.B., Ilmackmn B.M, - "BonpocH
am:;mogt3 Hayre ¥ Texmuku, Cepuds Hmepzue xoHCTamTtH", 1978, wum.3(30),
C,. 24=~33,

B paGore nprBOZATCA pACCIMTAHHHE Ha OCHOBE TEODETHIECKUX Momeneit

¥ OOJyOMMADHIECKAX QOPMYJ COEKTDH MCIapeHXud, CHEKTDH N>JIeHHS X %pé%ap—
HHE CIEKTDH BTODAYHHX HEHTPOHOE, HCIYCHAeMHX IDM OOMOApIADOBKE
HeliTpoHaMy ¢ sHeprued 5-14 Mok (puc. 2, cmmcox ymrT. - 18 Hase.).

YIK 539.I17.01

[TPOHVLARMOCTS LBYT'OPEOMO BAPREPA, AIMPOKCYMMPOBAHHOTO TPEMA COIPA-
TTAP! . Magrepor E.C., Ceperun A,A. - "HompocH aToMHOd Ha-
VK B TexmmKd. Cepud: fmepHWe KoHCTadTH", 1978, BEEm,.3(00), €. 33-36,

B xPasprnaccHYecKM OPMOMEEHAM HAXOMMTCA IDPUHALIAEMOCTH LBYTOPGOTO
0aprepa, aOODPOKCEMADOBAHHOTO TDEMA CONDAXEHHHME UApaCoiaMi. PesyihTarH
pacdeTa CDABHABADTCA C pe3ysabTaTaMy WACAEHHOI'O pacueTa IpPOHLIAeMOCTH
IByropooro Capkepa, HalilemHoro 3 pemeHUA yDABHEHES lLpemwHrepa. lIpEBoO—
IATCS zgeézym'ram gacqc'ra OPOHULAEMOCTH EBYIODOOro $aprepa NENEHHA I
ALpa (puc.3, Tadén.l, COMCOK JHMT, - 10 HasB.).

YIK 539.17.01
QUTAYECKAA MOIEID YIIPYT'0IO PACCEAHAA COCTABHHX YACTUil. Kosecos EBL.E.

Tarapesko H.H. ~ "EQUDOCH aTOMHOE HAyKM M TeXHWKM. Cepuf: ANEPHHE KOH—
cTagTH", 1978, 3am.3(30), ¢. 37-50.

[IprpegeRs pacdeTH Mo YOpPyroMy pacGesHMD COCTABHHX 4aCTHI HA ATOMHHX
AIpax B DaMKaX ONTHYECKOH MOLEJM B IMPOK(M JMama3OHe SHepruil, MaccoBHX
quCes] HajeTalIMX JACTHI & ANep-MumeHei., JpPOBORETCA CACTEMATHIECKOE CO-
OOCTABJIEHAE PACYETOB C MMENNMMACA SKCIEDUMEHTANBHHME NaHHsMu (prc.S,
Taén.2, COMCOR JHUT. — 25 Ha3B,).
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