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NUCLEAR FISSION

1. A.8. SOLDATOV, Z.A. ALEKSANDROVA, L.D. GORDEEVA, G.N. SMIRENKIN

Angular distribution of fragments accompanying the photofission of

uranium=238 and thorium~23%2 induced by gamma rays from the Fl9(p,ay
reaction

Submitted to Jadernaja fizika

The authors report on measurements made of the angular distribution of
fragments accompanyinglthe photofission of uranium-238 and thorium-~23%2 induced
by gamme rays from the F19(p,ay)016 reaction, A thick CaF, target bombarded by
1.45-MeV protons was used as the gamma ray source, The spectrum of the gamma
rays obtained consisted of three lines with energies of 6.1 MeV, 6.9 MeV and
7.1 MeV, and intensities of 1, 0.15 and 0.17 respectively. The fragments were
detected from the tracks which they produced in passing through glass. The
results show, in contrast to the findings of Forkman, Johansson and Lazareva

but in accordance with all other known results, tha+t the contribution of the

quadrupole interaction to the total photofission cross-section at energies grenter

th-n 6 eV iz smnll, amounbing to no mors than u . ow ner oont, (80 Pipes, A nd 3.)

2. A.S. SOLDATOV, G.N. SMIRENKIN, S,P. KAPITSA, Yu.M. TSIPENYUK
Fission of uranium-238 by quadrupole bremsstrahlung

The authors report on measurements made of the angular distributions of
fragments accompanying the photofission of wranium-238 by bremsstrahlung., A
"microtron" belonging to the Institute for Physical Problems of the USSR
Academy of Sciences was used as the radiation source. The measurements werc
carried out at maximum bremsstrahlung energies of 5.2y 5.4, 5.65; 5.9y 6.4,
6.9 and 9.25 MeV, The fission events were detected from the tracks produced

by the fragments in glass.

The results generally corrssponded to equations of the type

w(8) = a + b.sinze + c,sinQZe

in which the coefficient c describes the contribution.of fission induced by the
guadrupole bremsstrahlung. A4t a maximum bremsstrahlung energy of 5.2 MeV the
large contribution of the quadrupole component (Fig. ¢) is observeds

a = 0,04 + 0,045 b = 0,96 + 0.055 ¢ = 1.02 + 0.07.
At higher energies the contribution of the quadrupole effect falls off sharply
(Fig. D).
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% B.P. MAKSYUTENKO

Delayed méutron yieldd at thé Tidsion threshold of uranium-238

The relative yields were determined of delayed neutrons accompanying the
fission of uranium-238 induced by neutrpns with an energy of 1.75 MeV. The
neutrons were obtained from the T(p,n)He3 reaction in the target of an electro~
static accelerator. Comparison between the results presented in the table and

those given in other works suggests a sharp change in the relative yields of

the delayed neutron groups at the fission throshold of uranium-238,

1 Group Wo. Ha%i;é;fe~ Relative yield |
1 55 1
2 24 9.07 0.13%
3 15.5 2.692 + 0.011
4 5,2 8.42 + 0.17
5 2.2 23,3 + 1.0

4.  B.P. MAKSYUTENKO
Effect of the (n,nf) reaction on delayed ncutron yields

Submitted to Atomnaja energija

The relative yields were .measured of delayed neutrons accompanying the
fission of uran1um~238 1nduced by neutrons wiil energies of 5.75 and 6.5 MeV,
The work was carrled out on an electrOSUatlc.accplerator using neutrons
produced by the D(d ,n)He reaction. The neutrons had an energy spread of about
500 keV resulting from the flnlte target thlckness and the various angles at
which the neutrons moved through the taxget. Comparlson between these results
and earlier measuremenits for neutron energies of 2.3, 3.8 and 1.5 MeV confirms
that an increase in energy in the rogion from 2.3 %o 5.75 MeV is accompanied by
a smooth decrease in the relative yields of the various delayed neutron groups.

When the neutron energy is 6.5 MeV abrupt changes in the relative yields are

ohserved,
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e Relative yield
Group No, Hd%g l;fe . - - -
o : \BeC E =5.75 MeV | E_ = 6.5 MeV
n. n i
1 55 1 1
-2 24 6.93 + 0.31 | 12,31 + 0,37
5 15.5' 5.81 + 0,15 0,59 + 0,23
4 5.2 9.18 + 0.66 | 13,3 4 0.6
5 " 2.2 30,69 + 0,78 | 45.7 + 3.4
5. A.A. VANKOV, Yu.Ya, STAVISSKY -

Measurement of the mean’numbeerf fission neutrons emitted with each
capture of a 24-MeV neutron in uwranium-~235 and plutonium-239

Submitted to Atomnaja energija

The number of secondary neutrons per capture event in uranium-235 and
plutonium~-239 was measured directly in -a spherical geometry using photoneutrons

from an antimony-beryllium source. The total neutron absorption cross-section

op + o, Was measured at the same time as v A system of fission chambers in

eff’

a tank containing water was used as the neutron detector. The results are

presented belows

Uranium-235 Plutonium-235

o

Ay

+ C
C

eff
(varns)

’ IR

1.79
2,9

I+ I+

0.
0.2

06

2.15
2.7
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RADIATIVE CAPTURE OF NEUTRONS

1. T.5. BELANOVA, A.A. VANKOV, F.F, MIKHAYLUS, Yu.Ya. STAVISSKY
.Absolute measurements of absorption cross-gsections for 24 keV neutrons

Yubmitted to Atomnaja energija

The authors describe the direct absolute measurement in spherical geometry
of the cross-sections of a number of elements using neutrons from an antimony-
beryllium sourcc. Two types of detector were used: a long counter and a water
tank with a system of fission chambers., The cross-sections were calculated on

electronic computors by the Monte Carlo method.

%¢ (mb) 9 ¢ (mb)
Element ; Tlement -
Wavoe har Long ceuviior Water tank 'long counter
]

Cr 13 4. 6 9+ 5 In 836 + 90 820 + 77
Ni 27 + 6 19+ 6 Sb 610 + 72 -
Cu 67 + 13 75 + 13 Ba - 70
Zn 40 + 9 - Au 640 + %0 610 + 28
Sr - 117 + 13 g 2%36.+ 30 271 + 32
7y 18 + 5 22 + T Bi 3+ 3 -
Mo 178 + 23 191 + 19 Th 610 + 24 658 + 29
kg 1140 4 55 1070 + 55 U 383 + 15 372 + 15
ca 398 + 28 - l

2. Tu.Ya. STAVISSKY, A.V. SHAPAR, R.IW. KRASNOKUTSKY
Fast~neutron capture crosg-sections for rhenium

Submitted to Atomnaja energije

The energy dependence of cross-sections for the radiative capture in
rhenium of fast reutrons in the range 0.02-1 MeV was measured by detecting the
prompt capture gamma rays. The neutrons were obtained from ﬁhe T(p,n)He3
reaction in the target of an electrostatic accelerator. The neutrons had a
mean energy spread of + 16 keV. A scintillation counter with a CaF2 crystal
was used as the neutron detector. The measurements were carried out in a ring
geometry. The relative cross-section values were precise to 7%. To determine
the absolute cross-section value at & neutron energy of 600 keV by the

activation method +the. crcss-~section of rhenium was measured in relation to
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iodine~127 and the cross—-sections for thermal neutrons. In FPig. E the results
of this work ( e ) are compared with results obtained by R.L. Macklin,

. M.H. Lagar .and W.S. Lion, Phys. Rev. 107 (1957) 504 (¥v) and by J.H. Gibbons
et al., Phys. Rev, 122 (1961) 182 (%).

3. D.L. BRODER, M.V. PANARIN, L.P. KHAMYANOV

Gamma ray spectra for the resonance capture of neutrons in samarium-149
and hafnium-1T77

Presented at the XV Annual Congress on
Nuclear Spectroscopy and Structure
The authors studied the spectra of gamma rays accompanying the resonance
capture of neutrons in samarium-149 and hafnium-177. The absolute yields were
determined for discrete gamma energies (number of gamma guanta per 100 capture
events) and for unresolved groups of gamma rays accompanying neutron capture at
resonance energies of 0.096 eV and 0.87 eV in samarium-149 and 1.09 and 2.38 eV

in hafnium-177.

Samarium
Resonance energies
B (eV)
Y
(keV) 0.096 0.87
540 78 +5 68+ 3
440 42 + 2° 46 + 4
570 8 +1 <1
670 15 + 2 14.5 + 2
820 54+ 2 -1
1030 | 4.5 ' -1
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Hafnium
B Neutron energy
(keV) V)
Thermal 1.095- 2.38
220 28 + 7 18 +5 3% 4+ 7
530 19 + 5 15 x5 24.5 £ 6
430 16 + 5 15 +5 20.5 + 6
. 1220 . 24 + 6 5.6 + 2 8 +3
2400 - 6.4 + 3 6 +2
12700 - 5.0 + 2 5.3 + 2
- 3200 S - 5.5 + 2 4.4 + 2
4350 - 3.0 + 1.5 3.4 + 2
5350 ~ 1.3 + 0.7 < 0.5
6000 | -~ 1.7 + 0.9 < 0.5

ELASTIC AND TNELASTIC SCATTERING OF NEUTRONS

1. D.L. BRODER, V.I. KLENOV, A.I. LASHUK, I.P. SADOKHIN

Gamma radiation accompanying the inelastic scattering of neutrons by

hydrogen, titanium and iron nuclei

The authors measured the angular distributions of 0.84, 1.23 and 1.41 MeV
gamma radiation accompanying the inelastic scattering of 1.20, 2.01 and 2.61 MeV

neutrons by iron nuclei. The results are compared with curves calculated from

Satchler's formulae (Figs. F-H).

The authors also measured the cross—sections for gamma emission at discrete
energy levels in the case of inelastic neutron scattering by titanium, iron and
hydrogen nuclei. Trom an analysis of the decay schemes of the titanium isotopes
energy ranges are established within which the measured gamma emission cross-
sections are the cross-secitions corresponding to the excitation of nuclear
levels and it is shown that the sum of the measured cross-sections is the total

cross—-section for inelastic scattering by titanium nuclei.



INDSWG-T4

page 8
Cross-sections for the production of 4.4 MeV gamma quanta
= by -the inelastic-sczttering-of neutrons- -in hydrogen -
B (MeV) 1546 16.0.
o f(varns) | -0.17 0.14 |
Cross-sections for the production of 0.84 MeV gamma quanta
by the inelastic scattering of neutroms in iron
B (MeV) | 4.26 | 4,61 4.8115.02 | 5.26 | 5.66 | 6.26 | 6.66.| 6.86 |15.6 | 16.0
o (mb) {1.14102.17} 1.20{1.19{1.16{1.30]1.19{1.38|1.42 [0.71{0.72

Cross-—sections for the production of gamma quanta by the
inelastic scattering of 15.6 MeV neuirons in iron

q% (MeV) {1084 | 1,01 |1.2% |1.82 ]| 2.08| 2.30 ] 2.60] 2.88
o (mb) | 712! 54 .1 260! 54. | 36 19 | 68 102




INDSWG-T4
page 9

. Cross—sections. for the production of gamma guanta by the-
‘ inelastic écattering of neutrons in titanium

Cross-sections for production of gamma quanta Total inelastic
Neutron : ' ' (mb) » scattering cross-
energy — ' : _ ‘ ) : section
(Me) B, = 0.99 eV By - 1.3§ MeV | = 1.56 MeV I - (mp)
1.1 140 140
1.2 360 360
1.3 320 520
1.41 430 50 480
1.5 480 33 520
1,61 530 31 560
1.7 61.0 32 650
1.81 760 61 820
1.9 590 50 640
2.01 650 77 58 790
2.1 680 51 61 790
2,21 770 91 70 930
2.3 670 47 71 790
2.41 750 62 68 880
2.5 740 30 59 830
2.61 850 99 40 990
2.7 930 85 71 1090
2.81 840 122 79 1040
5.01 870 189 83 1140
3.21 780 152 75 ~ 1000

2, A.G. GUSEYNOV, M.N. NIKOLAEV, A.G. DOVBENKO, V.E. KOLESOV, V.N. MORCZOV

Angular distributions of fast neutrons scattered by medium and heavy
nuclei

Submitted to Atomnaja energiia

The angular distributions of scattered neutrons possessing an energy of
more than 1.5 MeV was studied using neutrons from the core of the BR-5 reactor
and a thorium fission chamber. The angular resélution was + 7%. Samples of
the materials undergoing study were in the form of discs placed at an angle of
450 to the neutron beam. The thickness of the discs was selected so that about
10% of the neutrons were scattered; hence corrections for multiple scattering

were small. The following elements were investigateds Ti, Vy; Cr, Mn, Fe, Co, Ni,
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Cu, 2Zn, Br, Zr, Nb, Mo, Ag, Cd, Sb, I, Cs, Ba, W, Ir, Hg, Pb, Bi, Th and U.

For each element the fotal scatfering cross—-section and the co-efficients of
the- Legendre-polynomial expansion (the minimum number of terms in the expansion
was determined by means of the Gauss criterion) were determined. The results
were compared with calcuiationﬁ“b&séd'én an opticél'modél 6f.£he ﬁucleus.

(See Pigs. J and Ko )
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Figure captions :

Fig. A. Angular distribution of fragments produced by the .photofission of
uranium-238. The continuous line is the least—-squares fit to the
experimental points. The broken line shows the nuclear distribution
corresponding to the experimental results ébtained by Forkman and
Johansson for the entire specirum of gamma rays from a thick CaF2
target and for a proton energy E_ = 1.45 MeV:

o(9) = 0.24 + 0.76. 31n23 + 0.24. §1n229
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Fig. B. Angular distribution of fragments produced by the photofission of
' thor1um-252. The continuous and broken curves are least-squares fits
to the experlmental points, on the assumption that the contribution
of the quadrupole component is non-zerc and zero respectlvely. In
~ . the latter case the angular dlgtrlbutlon is described by ths equatlon
o(9) = (0.11 + 0.02) + (0.96 + o. O5)s1n 9
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Fig. C. Angular distribution of fragments accompanying the photofission of
uranium-238 by bremsstrahlung with a maximum energy of 5.2 MeV. The
broken curves indicate the three components of the distribution.

05t
li:"‘f';%——‘x el 1_§_J
5.0 60 70 8¢ 30
Eax Mev

Fig. D. Ratios a/b and ¢/b as functions of the maximum bremsstrahlung energy.
The insert shows the energy dependence of the photofission cross-—
section of uranium-238. ‘
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4Fig. G. Angular distribution of 1.23 MeV gamma quanta accompanying the
inelastic scattering of neutrons by iron nuclei.
Along axis of ordinates: Relative unitr
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Fig. H. Angular distribution of 1,41 MeV gamma quanta accompanying the
‘ inelastic scattering of neutrons .by iron nuclei.

Along axis of ordinates: Relative units
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Fig. J. Along axis of ordinates: 1 . dB, varns
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HHEPHO—QhSMqECKME NCCIENOBAHNA
BUNIOJHEHHHE B QU3MKO-SHEPTETMYECKOM UHCTUTYTE

BO II nNOIyrommu 1Ioe4 I'ORA

Cocrasun A.A.AGpanoB

OGHUHCK 1965 T.



JEJEHUE ANEP

I. A.C.Congaros, 3.A.Anexcasxposa, JA.l.Topaeeza, TI'.H.CMUDSHKMH.

YIOBOE PACTPEAENEHME OCKONKOB [PM OOTOREIEHMM JPAHA-238 M TO-
PHA-232 TAMMA-TVUAMM PRAKimM FI9¢ PMX)OIG

HanpasieHo B Xypuai "finepuas dusuka".

CooGmanTca AaHHNE uaMeperull yrmosoro pacHpefelieHMsl OCKONKOB IDH
foToneneRUA ypaHa-238 M TOPHMA-232 raMMa-JIyUaM# peaKuuu Fﬂi p,dgy)Cfs.
B HauecTBe KCTOUHKKA IaMMa-iAydelt HCHONB30BAN&CH TOJCTAA MUMIEHD M3 CAﬁi
00Iyuasmanacsd NpoTOHAME ¢ 3Heprue#® I,45 MaB. ChexTp noxyyaeMHX raMMa-
nygell cocrosn us Tpéx muEEd ¢ sRepruAmu 6,I Msm, 6,9 Maz 4 7,I MaB ¢
wHTeHcMBHOcTAMEM I : 0,I5 : 0,I7 coorBeTcTBEHHO. OCKOJKM pPEeTrMCTPEpO-~
BajMCh NO CJenaM, OCTABAAGMMM WM MPH MPOXORXEHMM I6pO3 CTEKNIO. Pe-
3yIBTATH U3MESPeHUM B NMPOTHECIONOXHOCTS padoTaM PopKuaHa, KxaEceHa H
JasapeBoft, HO B COOTBETCTBHM CO BCOMM ZpYyrUMM W3BECTHNMU NAHHHMY N0~
Ka3HBADT, YTO BKISXK KBRAPYNONLHOTO B3aUMOZEHCTBHA B NOJIHOS CEYeHHE

doTozenenus mpy¥ SEEPrHAX Bume 6 MoB HeBeNUK M COCTABAAET He GoJes

HECKOJNBPKEAX INPOUEHTOB.
d&
ar

10

YrnoBoe pacupeZeldeHre OCKOIKOB
forozenenns ypana-238. Cniomeas
KpHBaf NMpOBeZAeH& IO BKCHEPUMEH-
TaJIbHHM TOYKAM C NOMOWLBD METOA&a
HaMMEeHBNMX KBAAP&TOB. [IYHETHPOM
TI0HA33aHO JTJIOBOS Dacnpeielerye,
COOTBETCTBYNNOE PE3YAbTATAM OIHTA
QopruaHa ¥ XaHCCOHA ANA BCETO
CheKTpa rauMa-ryueil ma rToxcToll Mm—~
memk Caly m E,=I,45 Mas :

05

5(9) = 0,24 + 0,36-5in°0 + 0,24+ 51K 26.




Yriaonoe pacnpefeneHie OCKOJIHKOB
foTeaenenus TopuA-232. CIJOUHas U NyHK-
THPBAA KPHUBME ONUCHBANT DE3YALTATH 00—
padoTKY SKCHEPHUMEHTANBHNX HEHHHX C IO-
MOUBY METOHAS HauMeHBEMX KBaXpaToB npH
NPENOIOXSHUAX,, UTO BWIAZ KB3APYHONb-
HOH KOMNOHEHTH OTAMUEH OT HyJNA UIY pa-
BEH HYJD COOTESTCTBEHHO. B NOCISAHEM
clIyyae YIJIOBOE pAChperesieiie OMMCHBa-~
eTCsl COOTHOMEHMEM

G (6) = (0,11%0,02)+(0,96%0,05)sin e

o 30° 60° 90°

Fig. G
2. A.C.CongaroB, I'.H.Cumupenrus, C.[l.Kanuya, 0.M.UuneHnx.
IEJEHAE JYPAHA-238 HBAIPYNOJBHHMA TAMMA-KBAHTAMU.

CoolmanrcA Pe3ynsTaTH M3MepeHui yINOBNX pBCNpeAeneHMil OCKOJKOB
npy QoToXeneHMN ypaHa-238, BHNIONHEHHHE HA NYUKAX raMMa~KBAaHTOB TOpP-
MO3HOIQ U3nYyueHMA. lCTOUHMKOM M3AYUEHUA CHYXKUN MUXpOTpOH MHHCcTHUTyTAa
jusuueckux npocieM AH CCCP. W3uepeHUR NPOBOAMNHUCE IPH MAKCUMBNBHHX
SHEDPIrUAX TOPMOSHOT'O u3myuenmd 5,2, 5,4, 5,65, 5,9, 6,4, 6,9 u 9,25 Maz.
AuTE feneHuMs PeruCTPKpPOBANMCH NO Clelald OCKONKOB B CTEHNE.

PesyznraTh uaMepenuit B oOneM ciyyae IPeZCTaBAAAMCE COOTHOLEHWAMM
THIA

(@) = a + B-sin°6 + c-sin’ 20,

B KOTODHX Ko3{uIMeHT ¢ ONMCHBAET BKNAA ZENeHus noz ZelcrausM xia-

OPYUONBHHX IaMuMa-KBaHTOB. IIpM MaKcuMansHofl dHEDPTUM TOPMOBHOTO HIIAyue-—

ung 5,2 Mas uadmozen Gonsmoft BEIAX KBaZpYyNONbHOR woMmmoneHTH (puc.I):
a=0,04x0,04; B=0,9%0,05; ¢c =1,02=%0,07.

[lpy GonpuMx IHEPTUAX BHIAAZA KBaJPYNONBLROrO 3PPeKTa pes3xo YMeHblasTcH
(puc.2).
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. C. PRue+E. YraoBoe pacnpejeisieHue
OCKONKOB (oTOXeNeHUA ypaHa-238 TOp-
MO3BEHMM TaMMa-JIyJyaM¥ ¢ MaKCUManbHOM
oHeprueit 5,2 MaB. IyHKTHPOM NOKa-
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F\q ?uglé. 3aBUCHMOCTE OTHOmEEMH KO-
afduurerToB a/B K C/B 0T MaKCcK-
MansHOY 3Heprum rauMMa-KBaHTOB TOD-
MOBHOT'O ¥3nydesus. Ha BcTapke Mao-

3aHH TPM KOMIOHEHTH 3TOTO pacnpeze~ ' OpaxeH sHepreTuyeckmit Xox cevenus

JCRNSA.

3. b.ll.MaxkcpTeHKO.

doTozmeneHNs ypaHa-238.

BHXOH SATABZNBAWIMX HEATPOHOB Y [OPOTA JEJNEHWA YPAHA-238

OnpeZeneHH OTHOCUTENBHHE BHXOAW 3AHA3ANBaLEUX HelTPOHOB mpu Ze-
- JeHUM ypaHa-238 Beﬂmponau¥ c sueprueit I,75 Mas. UcrounukoM HeltTpoHOB
CIyEuIa peaKuns 1'(P,n)He naymas Ha MMUEHM 3JEKTDOCTATHYECKOTO yC-

KopuTens, CpaBHeHUE NpUBEJEHHHX
B Ta0AMUe Pe3yIALTaATOB pPaloTH ¢
ZaHHHMHM ADPYTHX padoT HOBBOASET
CTeNaTh BHBOL O DO3KOM N3MEHSHUM
oTHomeHu#t BHXOZOB TPYHNR y Hopora
JeneHUs ypaHa-238.

% nepuox OrHOCUTENE~
Tpynd | nonypaci.| HHY BHRXOZX.
(cex)

1 55 I

2 24 9,07 0,13
3 15,5 2,692+¢0,0II:
4 5,2 8,42=x 0,17
5 2,2 23,3 %'1,0




4, B.M.MaxcoreHko.

BIMAHME PEAKIMM  ( n,nf) HA BHYOUNH 3SANASIHBAOUNAX HEATPOHOB.

Hanpasneno B mypHan "AToMHaH 3ueprhEA¥.

V3MepSEN OTHOCUTENbKHEe BHXOIM 3ana3jHBavuMX HelTpOHOB NDK Zene-—
HUM ypaHa-238 Helttponam# ¢ snepruaum 5,75 u 6,5 Mas. PaGora mpo-
BOAWNACE L8 SNEHKTPOCTATHUECHOM yCHOpUTeNe Ha Hellrponax oT peaxnu
Dd,n) e, Suepreruueckuit pa3cpoc HelTpOHOB, CBA3HHWH ¢ KOHeYHOM
TonuMHOR MUEEHX M pasGpocoM Yraom, cocrtaBaan oxono 500 xeB. Cpaphe-

N Ne [epron OTHOCUTENBRME BHXOJH
nonypacuaaa

rpyni ‘{gex) E, = 5,75 M33 E.= 6,5 Mop
I 55 I I
2 24 6,93x 0,31 12,3120,37
3 15,5 3,81x0,1I5 0,59=0,23
4 5,2 9,18x 0,66 I3,3 = 0,6
5 2,2 30,69x0,78 45,7 = 3.4

EMe MNOJYYEHHHX DPEe3yNsTaTOB C BAHHHMK BHMIONKEHHHMX paHee u3MepeHu# npu
aHepruax Helrporos 2,3, 3,8 u IS5 Mas norTBepRZaeT NnaBHOE YMEHBUEHME
oTHOmEHHU{ BHXOZOB TpPYNOH C pOCTOM 3Hepru# B ofnactn 2,3 ~ 5,75 Mas.
[lpu sxeprum ueiirpoHes 6,5 Mas HadnmnawTCﬂ pe3kve U3MEeHEeHUA 3THX 0T~
HoweHUH .

5. A.A.Bansxos, N.A.Crasuccrufl.

VSMEPEHUE CPEIHETO YuCJa HEUTPOHOB JIRJEHUA, UCTIVCKAEMHY HA
OLVH AKT SAXBATA HREHUTPOHOB C OHEPTUEA 24 K9B JJfA  YPAHA-235
i _JIIYTOHUA 239,

HanpapleHO B XYypHan "ATomHas aHeprusa'.

B npsiMolt cfepuueckolfl reouerpuu Ha HelTpoHAX 0T CypPHMAHO-GEDIIINK-
€B0ro GoTOHelTPOHHOIO WCTOUHUKA ¥3MEpANOCH UMCIIO BTOPUUHHX HeUTDOHOB
Ha OZMH KT 3aXpaTa A ypeHa-235 U mayrosua-239, OAHOBPEMEHHO C BE-
nuunHoll V,, ¥BMEpANOCH CYMMAPHO® coueHUe NOTIOWEHHA HeATpOHOB 6 + 6
B KayecTpe LeTeKTOpa HelTpOHGB UCMOAL30BANACH CUCTEMa KaMep nenexnﬂ B
faxe ¢ Bozmoli, PesynsTaTH paGoTH NpUBeAeHH B TalOxMuie.

Ypan-235 Nanyroruli~239
V.4 1,79+ 0,06 2,15=0,06
6;-6,_ (Gapmnu)| 2,9 *= 0,2 2,7 x 0,2




PATMAIMONHHI 3AXBAT HE[TPOHOB

I, T.C.Benanonsa, A.A.Baupxos, ¢.0.Muxaftnyc, 0.A.Crasncckult.

ARCOIDTHHE _U3MEPEHUA CRUEHMH TNOTJOUEHWA HEMTPOHOB C SHEPTUEN
24 K3B.

HanpaBneno B xypHan "AroMHas 3Heprma’.

B paGoTe ONKCHBANTCA 80CONNTHHE W3KOPEHHA CEYEHHH pAZa SIGMEHTOB
B npaMof cdepuyeckol reouerpur Ha HellTpOHAX OT CYPHMAHO-(EpUANUEBOIO
UCTOYEKKA. [nf perucTpaiuuy HefATpOHOB UCNOALB0BANKCH ABA THNA NBTEKTO~
poB: ZuuEENA CYeTUMK X BOAAHON Gax ¢ cmcTeMOR xamep Xenenusa. BrUMcNe-
H¥e ceverui npoBoZMIOCh MeTOAOM MoHTE-Kapmo ¢ MCHNONESOBRHUEM SISGKTPOH~
HHX BNUMCAMTEABHHX MBNUH,

Ge Ge
SneMeHT "§3§§§3ﬁ£453ﬂgﬁiiﬁﬁ—— 3TAMEHT ‘-gagggaﬁijﬁaﬂgﬁggiﬁ-
aK CUETHUHUR N axK CUOTUNK
Cr I3+ ¢ 95 In 836=90 | 82077
Ni 27+ 6 196 Sb 610 72 -
Cu 67 £ 13 75 %13 Ba - 70
in 40+ 9 - Aw 640+ 30 | 6I0%28 -
Sr - 11713 Mg 23630 | 271%32
Zr I8+ 5 2% 7 Bi 3+ 3 -
Mo 17823 | 19119 Th 6I0%24 | 65829
Ag 1140255 .| 1070 £ 55 U 383215 | 372=%1I5
Cd 398 =28 -

2. D.4.Crasncckutt, A.B.lanape, P.H.KpacHoxyToxuit.

CEYEHUA 3SAXBATA BHCTPHX HEWTPOHOB JUIA PEHUA.

Hanpasneno B xypHan “"AroMHan sHeprusa”.

MeTozoM perucTpanuy Mr{oBeHHHX rauua-nyyefl saxsarTa K3MODOHA BHOp-
reT¥YecKaf 38BUCHMOCTE CeYeHWA DANMAUMOHHOI'O 38XBATA OHCTPHX HelrTpOHOB
I8 penms B mATepmane sHepruit 0,02 - I M3s. B xayecTBe MCTOUHUKAE He#-
TPOHOB HCMOJNHB30BANACE POAXHMA T (P,n)Hei HAaymas Ha MUMEHM DAEKTPOCTaTH-—
YEeCKOT0 yCcKOpMTONd. dHeprermuyeckui pasdpoc HeflTponoB cocramisan B cpex-
HeM % I6 xsB. JlerskrTopou HEVTPUHOB ABNANCA CUMHTHANALMOHHNA CyeTuuK



c wpucrammon Cafy. Hamepewsns i o
NMPOBOAUNUCE B KoJibliesol re— R T
oMeTpyui. OuNGKa B OTHOCII- AT F%GB
TSABHOM XOJe CeYeHWR COCTaB- SR
nana 7 %. lon onpenenenus ‘ '
adconnTHO! BenuuuHy ceuenus,
npu sHepruy ieliTpoHos 600K3F 1 e
AKTUBALMOHHLM METONOM OHIO o oot | :
U3MEDPEBHO CEeYeHNE DPEeHMA C T e S
npuBfsko# K uomy-I27 u x ce- T o
YeHMAM ZNA TEMIOBHX HeliTpo~ o ‘
HOB. Pesymbrard HacTosuel C 'ii : ;
1

padoT ( ® ) cpaBHWBaWTCHA C
pesynprarTams pador R.L Mack- }
&n, M.H.Lazar, W.S.Llon. Phgs al : L S
Rev. 107, 504 (1853%) (v) «.H e

gwam unimﬁlévuzmz(w@(m) F'. _

3. Jl.JI.Bponep, M.B.llanapuy, ]'I.ﬂ.Xal»lLHHOB.

CIEKTPH TAMMA-JIYYE# TIP{ PE3QHAHCHOM 3AXBATE HEATPOHOB B CAMA-
PUN-149 U TAGHUU-I77.

Townan na X'V cxerosoM coBemaruy no
aznepHoll crexTpOCKONUU U CTPYKTYDPE AXpa.

llayyanuck CHEKTpPH Iamma-iyueil, DOSHUKOWWEMX NPK 3axsaTe HeATpOHOB
Ha PE30HAHCHHX YPOBHAX cauapua-I49 u rapuua-I77. OnpeZencHH aGCONOT—
HHe BHXOAH OTASNBHHX ramva-Jueufi (uucio ramma-kpanToB Ha I00 axToB
3axBaTa) ¥ Hepa3peueHHHX IPynn ravma-inyueld nou 3axpare HelTpOHOB Ha

camarinih peacHaHcax 0,096 33 u 0,87 3B B ca-—

Ey Pesonaacr(rgzg)aﬁepmx Mapuu-I149 n 1,09 3s n 2,38 33 B rag-
{K38) 0,096 1 0,87 uuu-I77.

340 78+ 5 68 * 3

440 fox2 |t 46 X 4

570 81 <1
© 670 I5=2 14,5¢2

820 3x2 <1

1030 | 4,51 <1
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Padnul

Eg Bﬂepruﬁ(gggmponon

(xaB) TEIIOBNO 1,095 2,38

220 287 {18 %5 33417
330 I19¢5 [I5 =5 24,526
430 I6x5 JI5 =25 20,56
1220 24x6 | 5,6%2 8 £3
2400 - 6,4%3 6 2
2700 - 5,0x2 5,322
3200 - 3,522 4,442
4350 - 3,0x1,5 3,422
5350 - 1,320,7 <0,5
6000 - I,7*0,9 <0,5

ay 1Y AN
] S

YOPYTOE W HEYNPYIOE PACCEAHNE HEUTPOHOB

I. AK.].Bponep, B.H.Kuexos, A.U.JMamyx, H.[l.Canoxus.

TAMMA-WBJVUEHUE [IPA HEYNPYPOM PACCEAHMM HEATPOHOB HA SZIPAX
YIIEPONIA, TUTAHA' W KEJNESA.

NaMepeHH yruoBHe pecnpeziesoHHSA I'aMMa-KBaHTOB ¢ sHepruaux 0,84,
1,23 u T,41 M3B, BOSHEKEWLUX NPH HEYNPYIroM paccesHMM HeliTpoHOB Ha AA-
pax «cnesa. MSMOpeH¥A MPOBOAUIACH NpM 3HEPruAxX Hefirponos 1,20, 2,01
u 2,61 MoB. PeaynsTaTH CPSBHHBAKTCA C KPMBHMM, paccuxTaHHHMu no dop-
uynad Satehfera({puc.I-3).

HsMepeEH TaKxe CEUEHUR BHXOAS OTACHLHHX ramua-iuHAl, BOSHMKAMLKMX
NpK HOYNDYIOM pAcCEfHMM HOUTDOHOB Ha AXpaX THUTaHA, ReAssa W yriepoza.
Ha OCHOBAHAK AHAJIMBE CXOM pacnafia M8OTONOE THTAHAa YCTSHOBISHH AMBNA30-
HH 3Hepr#fl, B KOTOPHX KM3MEpPSHHHE COYOHMHA BHXOAB TaMMa~KBAHTOB SABISADT-
cfl COUeHHMAMK B0BCYZNOEHMA ypoBHe#! ¥ NokasaHo, YTO CyMMa ¥3MODEHHHX co-
ueHiil ABNBETCA NMONHNM CeYeHMEeM HOYIDYTOro PACCEAHNA Ha AZPAX TUTAHA.

CeueH¥A BHX0ZA I'aMMa-KBAHTOB C 3Heprueh
4,4 MaB mpU HeYNpPYIoM pacCofHMH HeRTPOHOB
Ha yriepoze.

€. (M3B)
& (Gapr)

16,0
0,14
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Coucuust nxofa raMmua-iesanron ¢ ouepruchh 0,84 Mon npu neyupyrou
pocceHikn Heiirpolion "HA ¥enese.

[y

86| 15,6 | 16,0
y2 1 0,71 10,72

&(udopn) | X1,14 | 1,17 1 1,20

Ea (Mos) [ 4,26 ] 4,61 4481 | 5,02 5,2
1,19]1,1

- [

Wi\

616,26 6,66
011,19| 1,38

[\a)
[an $ 023
(3%
[l %121

,

Coucuust BHX0AD PLUMMO-KKAUTOB, BOSHUKANWMX HPW HCYIPYI'OM DACCCHHNY
nelirporon ¢ aneprued 15,6 Mo na xencse.
En(lfos) { 0,84 | 1,01 | 1,23 | 1,82 | 2,08 | 2,30 | 2,60 | 2,88
G(ubapu) | 712 54 260 54 36 I9 68 . 102

Ceyeunn BUXONA PAUMO-KEBAHTOD npyu HeynpyroM paccCanMi HBM’I‘DOHOB
Ha turalie.

Jueprun | CCUCHAR BHXONA TQuMA-KBANTOB Nomioe
el poHoE (t0apit) Hg;;ggggro
(om) Ey=0,99 Mos| E=I,38 Man|E,=I,56 Mom | paccenyua
ueapi)
1,1 140 140
1,2 360 360
I,3 320 320
I,41 430 50 480
1,61 530 33 560
I ,7 610 32 650
I,81 760 61 820
1,9 590 s0 640
2,01 650 77 58 790
2,1 680 51 61 790
2,21 770 91 70 930
2,3 670 47 71 790
2,7 930 85 71 1090
2,81 840 I22 79 1040
3,01 870 189 83 1140
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97 Puc.I. Yraosos PACTIDOZENGHUS PaMMA~
ixBaHTOB ¢ 3Heprueft 0,84 Map, BO3HUKANUUX
TpK HEYNpPYTOM pECCESiHMM HellTpoHOB WA AA-
pox Xexeaa.
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/Tj'l- & Pyo.2. Yraosoe pacnpeZelieHNE IauMa-1BoHTOB C
3Hepruel 1,23 MaB, BOBBUKaRUUX NpY HEYyNpyrow pac-
cealdun HelATpPOHOR Ha AZpax xeneaa.

20T

1

. OmuDcum. edunuus
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= 1-" Puc+3. YrioBoe pacnpefiesieHie raMMa-KBaHTOB C

SHeprueh

I,41 M3B, BO3HUKAKUUX NpPY HEYyNpyroM pac-—

ceanny nellrpoHOB HA Azpax ®ele3sa.
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2. A.T.Tyceliuon, M.H.Huxonaes, A.l.JoBGexxo, B.E.Konecos, B.H.Moposos.

JIIOBHE PACTPEREJEHUA BHCTPHX HEWATPOHOB, PACCEAHHHX CPENHUMY
H TAXEANMA A7PAMU, ‘

Hanmpasneso B xypHan "ATouHad aHeprus".

Ha nmyuke HellTpoHOB, BHXOAAMEM W3 AKTMBHO! 30HH OHCTDOTO peaKTOpa
BP-5, ¢ noMowpk TopueBOf KaMmepH ZeNeHUs W3ydammch YIJIOBHE pacnpelene-—
HuUA pacceﬂnuux‘ﬁeﬁmpouon ¢ adeprueld Buwe I,5 M3s. Yrmosoe paspeuenus
COCTaBIAINO tq %. 06pasiH HeeNedyeMHX MaTepHaloB NpPeACTABAANN coCofl
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WMCKH, JCTSHABNUBAGMHE NOA yraiom 45° K nyuxy. TonuuKa AUCKOB BHOMpA—
7ach TaK, ‘UTOON: B HMX PaccesBanocs - oxonmo.. 10 % HelTPOHOB; np* 3TOM
NONpaBXM Ha MHOTOKpaTHOE paccesnde GHAM HeBeJukM. B padoTe UCCHenoBa-
amep T¢, V, . Cr, Mn, Fe, Co, Ni, Cu, Zn, Br, Zr, Nb, Mo, Ag, CJ. Sh,
g C£ Ba, W, 'Jr, Hg, Pb, Bi, Th u U/ ﬂuﬂ Ka®LOTO 3JIEMEHTa Onpefe-
TEHO MHTETPEIBHOE CEueHUe POCCERHMA W KOBPOMUMEHTH DasNOEEHUA N0 ROIM-
HOMaM Hemannpa (MHHHM&HBHOS YNCIOo qneﬂon paanoaeauﬂ ONpEeJIeINAIOCE ¢ N0~






