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B cOopure upexcrahaenu anqorauﬁu pacdor, NOCBAMEHEHX 3KCMEPAMOHTANBLHOMY UMM TEODETH-
YeCROMY ARANH3Y AZEDHHX DEAKOuE ¢ YYACTHEeM YACTHI X0 suepruf ~ 20-30 Mom, & Tar®e padort,
B KOTODHX @3yyaercd XeReHue Axep.

COopHWE OXBATHBAET MCCIGROBAEMA, NPOBEIeHHHE B HOROTODHX WHCTHTYTAX Conercxoro Con3sa
BO BTOpO# monoBKHe 1966 roxa.

Koppexrop Tepacumons Hol, '
Saxas k 174 . Tupaz 250 aK3eMIANPOB

OemevazaHo E& porampuuTe O9H, Mah 1967 r.
Loerne, A//08 w0, /3. 5. 6¥.
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SUSUKO~ SHEPTETHYECKUR MHCTHTYT

K CTATUCTHUECKOMY TIORXOHY B TEOPHMM NEJNEHWSA.

A.B. Mreatok, B.C.Crasunckmt, D.H.lyoux

Ha ocHOBe CTATHCTHUECKRON TeOpHil AXEDHNX pearkmui B pAfe pador [I] OHAK MpoBeleHH pacue-
TH BHX0ZOB NDOAYKTOB JeneHus, feranpwHii amaiMs nokasan, U0 Takue DACUETH HeAb3A CUHTATD
VZOBNETBOPUTENbHHMHA, TAK KAK YHCRO MOXOHPAEMHX MapaMeTpoB TEODUM DABHO WUCAY OCBACHAGMNX

SKCMePUMMEHTANbHHX JAHHHX,
Hcnoapays MeTOR NMepeBasa, MOXHO NONYYMTH MPUONMXEHRHe BNpDAXeHuA ANA BHXOXA MACC, Cpeli-
HEX KMHeTHYECKUX OHEepru¥l ¥ Xuclepeuit RMHETHUECKMX dHePrult 0CKOJROB:

_y(8-Ex)+27e(Q-Ex-8)

Y(4.h) = WWE‘E‘Z) 4 | )
(1)
Yok, (1-Fvede) -0,

: 4
2 AT {
6n ~27/E=eF (| 1 ),

0 (@-Ex-0)

rie (L, u @, - NApaMeTpH MIOTHOCTH yPOBHeH OCKOIROB; A= Qa, + Q, ;
_A - 3Heprua CNapHBaRHA;
« = CDeXHAA KUHeTHUECRAd PHeprHA ocxonxon;
. (1 =~ SHeprua pearmuuj

B - Bucora Gapnepa M / -napaMeTp KPYTH3HH Gapsepa.
3TH COOTHOMEHMA JAaDT NMPOCTYD CBA3bL NMAPAMETPOB TEOPHA C DKCME PUMEHTANBHO HAONDIASMHMK BeNU-
YMHAMHM M B TO Xe BPOMA ABIADTCA JOCTA&TOYHO TOYHHMH, COBMAjaf C De3yAbTATAMU DACYETOB BHXO-
JOB OCKOJKOB Ra JBM ¢ TOYHOCTBED X0 HECKONBKMX MPONERTOB,

¥3 npexcTaBleHENX HA DUCYHKE De3yJAbTai0B PACcYeTOB BUIHO, YTO COBNAXeHME DACUETOB C
3KCnepuMenTOM oOycnosnero moxSopom & w B Xnd4 RaxioR MACCH OCRONRA, HO DACCUMTAHHHE
IMCHepCHH He COBralapnT C OKCNEePUMERTOM faxe Mocie TAKOro noxdopa.

Huepmyecd D HaCTOAMEe BpeMA 3RCIEDUMEHTANBRHE JNAHHHe O cladoft 3aBUCHMOCTW Cpenred
KMHEeTHYEeCKO} JHepruMy OCKONKOB OT DHEPrHM BO3CYEIEHMA JeNAmMEerocda ajnpa, nos3songpT chopMyaupo-
BaTh TPEeGOBAHUE K NOBENGHMD CevyeHHa OCpATHOro nponecca, Tak Kak CpeXHAd KHBeTHUECKad HHeprud
ocronxoB onpexendercd (1) monoxenMeM MAKCHMyMA NPOM3IBELCHMA CeUeHMA 0ODATHOrO MpONecca W MIOT-
HOCTH YpoBHeHl OCRONROB, TO CeyeHWe OGDATHOr'0 mponecca IONXHO 3aBMCETh OT BHEDPrUM BO3CyRIe-
HUA TaxmM 00pasoM, YTOOH CKROMIEHCHDOBATH STy 3ABHCHMOCTb B NNOTHOCTK ypoBHell. HM B OXHOM M3
cayyaeB, KOrjJe MH BHpaxaeM CeyeHue OOpaTHOTO NpouecCa Uepe3 NPOHKIAEMOCTH HEKOTODOro daprepa,
9T0 TpedoBanue He BHMONHAeTCA. I[pexcraBieEWe NPONECCA CAAHMA ABYX BO3CYRAEHHHX OCKONKOB
KaKk MPOXOXAeHME CHCTEMH 4epe3 HEeROTODHH craTuyecKuif daprep, He MeHADmANcA B mpomecce XBU-
XeHKA, ABAAETCHA, NO-BHEUMOMY, CAMNKOM YNDOMEHHEM, [I03TOMY yuer cneuudUKM HepeXoXHOro COCTOA-
HKA B CEUEHMN OGPATHOrd Nponevca’ ABAATCA CYNECTBOHHO HEOOXOIMMHM, M CTATHCTUYECKME NMOXXOX
K IeneHuD, HADAXY C DPACCMOTDeRMeM $a30BOT0 NPOCTPAHCTBA, XONXEH BRIDYATH B Ce0A XApDAKTEPHCTH-
KM NMepeXoxHoro mpomecca.



TUTEPATYPA:
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E Erda |V Fucshini, E Suebe-Menichilla,
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H o : a)

-
-
o aaa® €

5
<

a) BHXOR MACC OCEOJEOB; } m( )
B) CPexRAd EMHOTHUGCRAH DHAPTUA OCKOAKOB : "r.f

—— @RCNepUMENTBAbHAA RPHBAf,
X x pesyabrath pacveros [IJ,
00  pesyabTaTH pacuerTos coraacso (I) ¢ napaMerpavi, NOROCPaRRHMH

EFM s [I],
V ¥V pesyAbrTaTH pacyerod Ge3 noxdopa napaMerpoB.

¢) llucnepcra CPeXHHX REHOTHUECKMX ORGPTEH OCKOJROB:

oo TensoBHe HERTPOHH, ‘DKCHepUMEHTANbENG FAHHHE BIATH
aa En= 5 Mas, u3 padotTs Bopodvesa B.T. 4 Xp.
oo En= 6 MoB, “fixepuar dusura’4, 325 (I1966) ,
vV " En = 7 Mon, ‘ ' )

x x pacuets coraacwo (IJ ¢ moXoOpaEHIMW dRavemuauu nepamerpor [I] .



SHEPTETWUECKNE M MACCOBHE PACHPEIENEHUS OCKONKOB ITPM HENEHMY
U-235 W U-233 BHCTPHMM HEMTPOHAMM

.M. [pAYEHKO, B.R.Kyasuunog, B.b.Muxalkinop, B.®,CeMeHKoB,
B.U.Cenuerko, A,H.YTDEHMKOB

Hanpasaeno B‘xypnan "fxepHan Ou3ura"

B padoTe BHNMOAHEHH W3MePeHMS DacnpefefeHuli OCKONKOB MO MaccaM M KMHSTHYECKHMM 3HEDPruAu '
apu Xeneuun u¥ gefirporamu ¢ oueprued 430 k9B, 630 ko8 ¥ 1,1 MoB H 17"5 \HeﬁTpOHaMM
¢ omeprue#t I00 ka8, 260 k9B, 700 k2B ¥ I,3 MoB. Merox usMepenudl 3arnpvyajcad B OXHOBPEMEHHOM
W3MEeDEHNM dHepruli napHHX OCKOJNKOB [PU MOMOMM NOBEpPXHOCTHO~GaPBEeDHHX KPEMHWEBHX JNEeTEKTODOB.

Ha puc. I noxasaHH BHXOJXH OCKOJROB Xnf U-233 (a) n [-235 (6), BUXOAH OCKOJNKOB
OTYETAWBO MPOABAADT TOHKYD CTDYKTYPY ANA BCEro IHanasona SHepruii HeRTPOHOB, MPHMEHABEUXCA
B HacTOAme# padore. ’ . '

Ha puc. 2 NpejCTaBReNH KWAETHYECKHE DHEPTMHM OCKONKOB INA PASNHYHHX CIIOCOGOB JAENEHHA
npn Goudapgupoeke agep U-233 (a) w  U-235 (6) TemiopuMy HellTpOHAMK W MX W3MEHEHHA

8Ec (Mo)=ES(M)-E&(Mn) Npu ZeneHWH OHCTPHMM HeWTpOHaMM. OTMeuaerTcd,

YTO W3MEPeHHA KMHETHYeCKOl DHepruM 3aBMCAT OT MACC OCKOJKOB.

B tTadnwme npMBEJEHH 3HAUEHUA U3MEHeHMH cpeined cymmapHOM RmHeTwueckoll IHepruM ocKoi-
KOB NP NENCHUW TEMNOBHMY ¥ OHCTDHMM Heiirpomawm ( 4L, = ES - Er ).

3MeHeHMA BHXONOB W KHWHETWYECKHUX aHeprall OCROAKOB NPUIUCHBARTCA BAMAHAD NepPeXONAHX
COCTOSRUM NenAmMxca AXEP. '

A3

%0 : I.IW IIO ’ no lIOO I WHANJ
Puc, I,

BuX0JH OCKOXROB Npu xenewmu U-235 (a) Temnopsum Heltrpomauy (CMIomHAR JMHMA)

¥ HeWTpomamu c dReprued 430 kam (A ) ,630 xow ( O Y, I,I Mom (+) u U-235 (6)

TennoBHMY HelTpoRAMM (CTIOWHaA NRAMA) W HeWTpoHamu ¢ oHeprueit I00 xop (OT0),

260 ko (A ), 700 k3B ( O ) u I,3 Man ( + ).

YKasaHy THUNAYHHE CTATUCTUYECKUE OWUOKY NpU Xeneruu OHCTpHMM nellTpoHamm. JIad

TennoBHX HelTPOHOB owmMOKM B 2 pa3a MeHbmE.
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" KMHeTUYOCKME DHEDCMU OCKONKOB npu genewun U-233 (a) m U-235 (6) temnonumm

HeltTpoHaMy (CniomHaA NWHUA) M UIMEHEHMA KMHeTMUeCKUX sHeprmii ALk npu
IeneHuy OHCTpHMM HeliTtpomamu (mRana cnpasa): :

U-233-A - 420 x3, O - 630 kos, + - I,I Mop

U -235-0 - 100 ks8, A - 260 o8, @ - 700 K98, + = I,3 Mos.
YrazauN THUNHYHHE CTATUCTUYECKHE OWMOKU ma E, DM IeNeHMM TRMNOBHMH
HellTpoHaMm u xis aEx npM JererHu¥ OHCTpuMy Hefrpouamu ( upn zmenenun U-235
Hefirporamu ¢ En = 100 k32 1 En = 700 k38 omudzn ma AEx B 1pa pasa

donbpme, YeM YKasaNHHE THIUUYHNE OMMOKM),



Tadauna

flEpo~MUTEeHb

U -233 / U -235

AEn
Mo 0,43:0,06 0,63:0,06 I,I +0,I 0,I +0,08 0,26+0,06 0,7 +0,06 1,3 x0,I

Ak
3B 30080 250:80 215+ 80 60+ I60 - 30 +80  I40 + I60 60 % 80

[POCTOE K#ASHMKJACCUYECKOE COOTHOWEHYE HJIA YTJOBON AHM3OTPOIMK
JENEHUS FREP HENTPOHAMY,

B.I'.Hecrepos, I'.H.Cuupenkun, A,C.THuuE

Hanpasneno B XypHan "fzepsad usuxa”

AHAMU3NDYETCA DACXOZXCHRE KBAHTOBO-MEXAHMUECKMX PACUETOB YTNOBOM AKM3OTPONMH XEAECHKA
-Afep HeMTPORAMHM C W3BECTHOM KpasMERAacCHueckoi GopMynoi XanmepHa M CTPYTHHCKOTO

locs _
A=t = 4e ©

ﬂpﬂBOJﬂlTCﬂ npocToEe MOAYOMINHDHUECKOE COOTHOmMEHHE XAA CPeJHero Kpajxpara YrjaoBOTO MOMEHTA fxpa,
OCHOBAHHOE HA KJACCHYECKON 3aBUCHMOCTH Zmaf.r, = CVEn

L0 )=4(200VE+1)° )

Hcnons30Banue COOTHOmeHMS (2) NMPHBOAMT K CHGXYDNEMY BHDAECHMD AXA A .

. 2 2
A= (ﬁﬁgﬂ _ (z;og/ggql (3)

KOTOpPOE YCTPAHAET OTMEYeHHOe BHEE DACXOENEHHE, .
Ha pucyHRe XeMOHCTPHDYeTCA COTJacKe BHUMCHEHHH ﬁQz no ¢opuyne (3) ma ocHose

9KCMePUMEHTANbHNX JAHHHX 06 YrAoBo¥ AHH3OTDONMMM JeNeHud Fhf” HellTpoHaMu ¢ pe3ynbraTaMu

KBAHTOBHX pacuerop ['pubduna M pacXoEmeHHe NOCAEXHMX C BHUMCACHMAMK  ° no dopmyne (I),
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9
Suaverua K npH IeNeHuu H,L” HeltTpoHaMu, NONYYeHHHE
B KBAHTOBO-MeXaHWYECKHX pacuerax ['pudduna — A , no dopuyns
(I)-w ® no dopuyne (3) -0 .

WHTETPANBHHE U THPSEPEHUMANGHUE CEUEHMA JRENEHNSA Th**
HEWTPOHAMH,

C.5.Epwaranderon, B,®,.Kysneuos, JI.J.CMupeHKHHA,
I'.H.CMHDEHRUH

Joxnax wa llapuzckoit xoubeperuMu N0 AJEPHHM JAH-
HuM, 1966 T, "flxepuad dmamra' 5, 257 (1966)
Mucewa X319 35, BI  (1967)

H3mepeH OTHOCHUTEABHHI XOX CeYeHHR AeaeHud 77;”2 OucTpHMy HeRTpoHeuu oT 0,6 Ao 3,0 MoB.
. OnNT BHMONHEH C MOMOMBD MHOTOCHORHOR xamepH JeneHud,B KOTODYD OHAO 3arpyxeHO OKOXO 6 T oxmcHu
topua. PesyabTaTH UaMepeHWi npBeReHN Ha puc, I. B Xoxe MATErpaibHOTO CeueRNd Ef ot 0,6
Xo 1,2 Mom, He W3YYSRHOTO Panee, 00HADYXSHH HEDETYARDHOCTN, TMONOEEHWE ROTOPHX RODPeANpyer ¢
YPOBHAMM AIpa Th** , ROTOpDHe BO3CYRZADTCA B PE3YAbTAaTe HEYNpyrorc pacCesHuA. Bunonnena
OLleHKA Eeuw= 0,06 + + 0,01 Map, xapakTepusyptuas RDUBHIHY 0aphepa ReJlenud A1pa Th*
Hamepenua auddepennuaibHEX CeYOHME Ienexud, WHave roBopd, YrioBHX pacnpexenenult ockKoa-
KOB, BHMOMHEHH C MOMOMBD METOAMKM KPYFAHX CTEKON B auanas’oHe 3Wepruit HelirpoHoB En or1,0
IXo 2,5 Map, PeaynbTarTh uOMepeHRR RN Yra0BOY 8HW3OTPONMM XeNeHUR W9 B BHXe CNAOLHOK
kpusolt norasany ma puc. 1., He puc. 2 npuBegeHo pacnpexenerue W (v ) s En= 1,60 & 0,02
M3p. OHO CYmMECTBEHHO OTIMYAETCA OT DesyabTaToB W3MepeHull Xewkexs ¥ Bponnu, CTABUWX yRe KiIac-
CHyecrolt JesoncTpansed kananosux sdbexrtos. 3IrO H3ueRNIO HEeHTHONKAMD NpenMyNeCTBeHHOro KaHa-
%8 feneHud, oTBeTCTBemHCro 3a BUR W (V), CK a3 wa 3/2 * ( wn 5/2* ). Bonee
noxpodHuY aHAAH3 HUEARDWX KAHANOB NENEHHA, YY8CTBYDUMX B ReN6HHH 'Thm HORTPOHABMHN, NpPUBEN
K crenybume#t nocaeloBATENBHOCTH KJr s I/2%, 3/27, 3/2% u 1.1.
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Yraopoe pacnpefrelieHNe OCKONKOB KENEHUA INDK En_= 1,6 HaB

Q@ - pesynLTATH HACTOAMWX WoMEepeHuH,
A - JaHHHe XeHKenA M Gpoanu.
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KAHATIOBUE 35®EKTH B OHEPTETWUECKO! saBucmmoctd V U™’ u Th**

N.U.Mpoxopose, I'.H.Cuupeurud, J.J].lnax

Joxnax xa TMapmxcrol xoubepeHUMH NO ANCDHHM
IaHHEM, 1966 T,

B NOKName NDUBOZATCA DE3yNbTATH WIMEDERMH 3aBMCHMOCTM CDENHEFO UMCHAZ BTOPUUANX HEUTPO-
o V , OT 9Hepruu HelTDOHOB n , BH3NBADIUX JeNenue U? u T,

MaMepenus V  mpoBOZMAMCEH METOXMKON oTGopa cosnafemuit mMmyascos or B°% -cyeTym-
KOB B napadWHOBOM GNOKe ¥ TOMEmMeHHOR BHYTDh HErO MHOTOCHOMHON kaMepH ZeneHus.

HcTourmkoM HeWrTpoHOB Owna pearmus T (ph ) Ha ycropurene Ban-ge-Tpaada.

2
Usueperus V Th* ,OHIY BHIIONHEHH B MHTepBafe aHepruft Helirpoxos ot 1,6 Map Xo
3,2 Mos. _ 5 '
HauMepexunda y U -8 unTepBane oWeprui or 0,4 Map Jo 3,2 Mas, TouHOCThH 3HA-

ueHntt V oxomo I% g U®  uoxono 2% mna TR .
lipoBeeHO CPABHEHUE KIMEPEHHOTO V co 3HAYEHUAMU, BHUUCACHHHMYM U3 BENMYMHH cpemHelt
KMHETHYECKO!t SHepruM OCKOJKOB B 3TO# Xe OoHepreTyyeckoli odracTu.
B Lesou H3MepeHHad 3aBUCHMOCTD Vot 3Heprum HefTpoHOB En , BH3HBADMUX JeneHue
s TpexcTaBnder 'co0olf HEKYDL CTYNEHYaTY®» RDHBY®. B ya&CTHOCTHM, Ha y4yacTKe SHepruft
oT I MoB o 2 M3B HaARJOH . " cocrasafer 0,085 MSB'I, B TO BpeMs kax npu 6onee BHCOKUX

9Hepruax HelTpoHoB 5%%; ~ 0,16 MaB'I.

OXHMM U3 BO3MOXHHX OOBACHEHMN cTymeHuaTol 3aBUCUMOCTH vV or OHepruit HellTPOHOB, BH3H-
BADUUX XeNeHue YeTHO-YeTHOr'o KOMNayHi-Axpa l/zn s MOTJIO OH OHTL Hanuuue sHepreTuyeckol
men® B CMeKTpe KAHAJNOB ASNeHKd U, CTyneHyaTas CTDYKTypa BHEPreTMHecKo#t 3aBHCHMOCTH V
KaYyeCTBEHHO XOPOWO COTJAACYeTCA C 3BakJbyeHuAMy pacdoTH CrpyTusHckoro B.M, u MapauHuyka B.A.

0 BAMAHMM S(PdERTOB cnapmbABMA HYKJIOHOB HA CHeKTD BHYTDEHHEro BO3CYEZEHNA XeNAmMXCA H1ep.

" TlyHRTUDHHE NpAMHE Ha pUC., I COOTBETCTBYOT C/EXCTBUAM DTON TEODUM O HANMUMM ZBYX YYACTKOB
SHEPrMM BO3CYELEHUA, TLe Eﬁ%: oTanvaercda B I,5 pasa.
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CpaBHeHune peaynsrarogﬁpanﬂoﬂ padoTH ¢ ¢ uamepenuamn V
JpYyr¥x asTOpoB.
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CpaBHenve pe3y1bTATOB uaveperus V Th™ nausok padoru @
C PesyNhTATAMM LDYrMX &BTOPOB.

- YI'JIOBUE PACHPENENEHUS OCHOMKOB ©OTONENEHUS BEJU3U
: [IOPOT'A .

H.C,Padornon, I',l,Cuupenxun, A,C.ConnatoB, J.H.Ycaues

BUINKO-IHAPrETNULCK NN UHCTUTYT

C.Ml.lanuua, 0.M.Uunenok

ucruryr duamyecknx npodaeM AH CCCP um. C.U.Dasunosa

Hpuaonxrcn ,Pe3YABTATH uaue?euun YTNOBHX pacnpeneneuuﬁ ockonxos W (V' ) npu doToxenexun
paga agep ( Th**? U , , B doronam TOPMOIHOTO M3NYYSHUA C MAKCHMANb=~
HOW aHeprueh E:nam= 5 « 8 Yo, punonHewnse 3a nocaefHég BpeMA., JKCHEPUMEHT Ol nocrasnex
Ha MukpoTpoHe VDI AHCCCP C MCHONB30BARUGM METOLUKM perucrpauuu ocxonxoa CTexnamu, anoaue pacnpe-
ZeNeHMA npeXcTaBAeHu B Buie W (V) = A + bsinv + C sin*2v ¢ MCronb30BAHMEM-
HO PMHDOBKY a+b = [, BunonHeH auanus NOAYYEHHWX Pe3YJAbLTATOB COBMECTHO C JARHHEMM Haua M xp,
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0 ceueHum zeicus®  6p B gyxe mozenu O,50pa 0 nepeXoXHHX COCTORHMAX Jensmerocd Sipa.

CBA3b MeXLy OHEpreiuTeCKUMA 3aBUCHMOCTAMM 6/ (E* Y 6 (E ), rze FE -omep-
rus ] ~KBaHTOB, & E*-cpexnas OHEPTWA BOICYXIEHMS N0 CEYEHAD JENEHUA W TODMOIHOMY
CNeKTpY, BABUCHT OT CMOCOGR, KOTODHM ONpeieNeHHOe NPeUMymeCTBEHHOE 3HAUEHHe MPOGKUUM MONHOTO
YTNOBOTO MOMEHTA COCTABHOTO Afpa ua och axpa K  Bugenderca B npomecce feleHuA. BOIMOXHH
1Ba Bapuanra: a) K  (QUECHDYeTCA B Teuenue BPEMEHM ,3RRUNTENLHO MEHBMErO BDPEMEHW EWIHU COCTap-
HOro fAxpa, HO GOXBWErO BPEMEHM MPOXOXIEHUA CeANOBON TOUKHM U 6) npH BHEPruAX BO3CYRIEHUS,
GAUBKMX K MOPOTY Xenenud, K cOXpanderca B COCTORHMAX KOMNAyHA-alips,T.e. WMEET ONpejeNeHHoe
3HaYeHWe B TEYEHWe BCEr0 BDPEMEHW XM3HM 3TUX COCTOSHUM.

Moka3aHO, YTO B cClyyae a) TOUKa E xpur, B XOTOPOW AHWBOTPONMA ZeNEHUA HAUMHACT
JUEHBIATHCA OT MBKCHMANBHOTO 3HAYEHMS K HyID, NONEHA NeXATh HA BEJKUUHY AE=E}—T,

Bume Ty ( Ef ~MCTMHHNI NOpOT JeNemus, a . 1; - -3HaYeRMe DHEPruM, NpR KOTOPON IenuTens-

Had DMpHHQ CPABHMPAETCA C DAIMAINOHHON), a B NpexnoaoXeHUM 6) LONEHO BHNOJHATHCA DABEHCTBO
E"f““"*=7}‘ . 9kcnepuuenTansie gawmwe ( puc. I ) COTacywTCA C MpEeXNONOReHHEH 6):
Exum. = Ty BO BCEX CIyuadX, B TO BDeMA Kak B NpEeXNONOXeHHe &) ,AEz 600 - 500 koB.

Ananu3 QoToxencHUA Pu**  raxwe nogTBepEIAeT TMNOTE3Y O CYMECTBOBAHUM NDUOIMXEHHOTO
3arkoHa COxpaHemma K  NDH YMEPEHHHX DHepruAX BO3OYXIeHHd.
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BIUAMUE OBOJOYEYHLX O>PEKTOB HA OSHEPTUD AIPA B TOUKE
PA3PLBA .

A.B.lirHaror

B paGoTe MayyaeTcd pacnpeneNeHue Macc, 3apfAia, RMHETUYECKOW DHEDruM ¥ Xedopualunm OCKOj-
KOB Ha OCHOBE BHUMCAGHMA DHEPTMM JENANEToCH ALp2 B MOMEHT pa3pupa meliku., Jnd onmucasua kouju-
rYpauMM A1pa WCTOAB30BAHA MOXEAb DA3IETEHHHX CHEPOMIOB, OHEPTUR KOTODHX BHUMCAHETCA C YUETOM
BIWAHUA OGONOUEYHOM CTDYRTYDH Ha MX JehopMUDYeMocTh. [OXAa3aHO, YTO MUHMMYM DHEDILMM COOTBETCTBYET
ACKMMRTDAYHOMY NENEHUD ANA TAXSANX REAAMMXCA AXED, CUMMETDUMHOMY INA NerkuX M TPexropoo xpu-
BOJ BHX0jia MAcC ANA npoMexyTouHol odnactH, [onyyeHHHe pPe3YABTATH KOCTATOUHO XODOWO ONUCHBAWT
TakXe pacmpejeNeHue CpelHNX KWHETHUeCKMX BHepru#i # 3apaa OCRONKOB JAHHOW MacCH Bo BCel odnac-
TH ZenAmMXCA AXEp. R

Dars .
' $ 20
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o———o—" "
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o YT

0050 —

Puc., I

IHeprua TOYXM PA3PHBA B SABUCUMOCTH OT OTHOMEHMA MACC OCKOJKOB.
(‘f B EIMHUIAX DHEDrUM MOBEPXHOCTHOrO HATAREHWA Kenasmerocs snpa)

KUHETUYECKKE SHEPTHA M BHXOIN OCHOMKOB NPH JENEHUW YPAHA -233
‘ ¥ YPAHA-233 MOHOSHEPTETHUECKUMI HERTPOHAMM.

B.U.Cenuenxo, A.l.Ceprauves, B,b.Muxalinos, B.T.BopoGresa,
¥.3.Tapacko, b.J.Kyseumuos

HanpaBieHO B xypﬂan "fAnepraa fuzmra”

B padoTe HCCAEROBANNCH PacHpefefeHUR OCKORKOB M0 MACCAM M KMHETUUECKMM IHEDPLUaM MpY He-
JeRUn l/zu TennoBHMU Hefirponamm u melttpoHamu ¢ sHepruedt 0,43 Mo m 2,6 Mo u 112" Heli-
TPORAMY C BHeprued 2,5 u 7 Mop, OKCNepuMEHTANbHHN METOX 3aKNDUANCE B ONHOBDEMEHHOM M3MEDeHMH
SHEprull KOTMONHUTENLHHX OCKOJKOB NpPH MOMOLYM KDPEMHWEBHX MONYNPOBOXHHKOBHX KeTEKTODOB.
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23
Ha puc. I moxa3asu pacnpexenexus OCKONKOB [0 waccaMm nph nenenmn U rennossmu melrTpo-
Haum ¥ HeWTpomamM ¢ 3mepruelt 0,43 MaB u 2,6 Mo (a) w U* wemrpomamu c auepruent 2 Mos,
5 Mas u 7 Mop (d).

Ha puc. 2 npeXcTaBjfeHH M3MEHEHUA BHXOJIOB OCKOJKOB AV=Y(En)—Ya y T1e B Ka-
yecTBe Yg Inf Um NPARATH BHXOXH OCKORKOB NpU NENSHAH TeNnJAOBEMK HelTpOHAMH,
a m8 . *# mefirponamu ¢ 3smeprued 2 MoB. OTMeuaeTcf, YTO M3MEHERUA BHXOXOB MDA NeNCHHH Uz”
" U PasNMUEH 7 OOCYXNaeTCA BINAHHME DPASAUIRHX darTOpPOB HA STH M3MEHEHNd.

Cpennue K/HEeTUYECRHE PHEPruni OCKOJIKOB JeneHuda npu paccMaTpUBAEMHX QHepruax BO30YXIEeHnA
MeHADTCA OueHh Mano. M3Menerud KHHeTHUYEeCKO}! DJReprum CrMMeTPHUHHX OCKONKOB C yBenNueHneM 9Hep-
TUM BO3CYXICHHUA HE BHXOXAT 3a npeneny CTATHCTHUECRAX OMAGOR n3Mepesuit,

&

e
U\

20. 30 Ko 8 M4 00 2 e 50
Puc. I,
PacnpejeleRia OCEONROB MO MaccaM NpH AeNeHAM:
233
a - U™ rennostmu welirporams ( ® ), Helirponamy
¢ auepraedt 0,43 Map (0 ) u 2,6 Map (+);

3
6 - U? wuemrponauw c seprumet 2 Mo (@ ),
5MaB (© ) m 7 Mo (+).

\
o " L
0 0 Ao e M

Puc, 2.
233

W3MeHeHMA BHXOJOB OCKOIROB AY npu neneHMH U HeliTpoHAMK
¢ aHeprued 2,6 Mas (@ ), TR + o 25,7 Hos (X ) m
UZS?:‘ 5 MaB ( o ) .
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KOPPEJALMWE PEIOHAHCHIX TAPAMETPOB JEJSHMXCST ANEP.
E.B.Taf, H.C.PaGoTHoB

B pasoTe pACCMOTDEHH HEKOTODUE NMDUYMHH NMOABNEHAA HAGROIAEMOR KODDEAANMONHOW CBABM
MexXNy pasHEM¥ CAyvaliRWMA BeNMUMHAMM, XApaKTepuayouvmu HeliTpOMHHE De30HAHCH, M [OKA3AHO, YTO,
3HaA Ko3PdUIMErT RODDEAANHUH, MOXHO OLEHNTh pasNuyMe CPeNHMX De30HAHCHHX NADAMETDOB INA XBYX
CNIMHOBHX moxcucreM. Tak, HAanpuMep, OCHYHO NpPEeXNONATAETCH, YTO CPEXHUE SHAVERMA BENMUMHH

(20, )irxe 9"‘?7%%&0 ( J -cnun pe3oHaHcHOrO YpOBEHA, I -cnun agpa-mumenu) ot J
He 3aBucaT, [lpoBejenHudl pacyeT RaeT:

(29/n0) :( E_(f__él-c_/(/+ R(ud‘oc)

(29/10)2 0 (1-o)
rie
()’,::i ! d;—ZL : R:—-—‘L-:E——Fzrna—i
T2 ! 9. l; 29Th, )
ycpeInene B A NpOBOAMTCA MO BCEM DE3OHAHCAM 663 DABIMYMR CNMHA, T.e. R -menocpen-

CTBEHHO BHUYHUCAAEMAR 1O DKCHEPYMEHTANbLHHM JAHHHM BeawuuHa, OXHAkKo o pasanumu ( ZQIE» )L MOXRO

C YBEDEHHOCTBD CYIMTH NH@lb OPU OTpuuaTenrHoM kodDuiuente xoppensuuuw  , T,K, DOJORMTENB-
HOe 3HaueHWe V'  MOEeT OHThH CAEXCTBMeM nponyckauus ypoeHeil, Tlocnexuuit addexT ucmoas30B8H

14 oupeIeneHU” XONW NPONYmMEeHHHX pPe30HAHCOB, B npelenaX CTATUCTUYECKON TOUHOCTH BRCAEDHMEHTANb~
HHX JaWHHX LN OLEHOK MOXHO MOAL30BATHCA "cpexHel" xpusoll, npoBegeHHol Ha PUCYHKE I NYyHKTUDOM.


file:///vtfi
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Puc. I.

34BMCUMOCTE OTHOWEHMA HAONDIaeMod NMiIoTHOCTH ypoBHelt {/7> K UCTHUHHOI
MAGTHOCTH  §  OT BOAMYMHN koodbUUMEHTA KOPPONAUUM 7  MERXy NpusefeH-
HOW HeHTDOHHON ¥ XeAMTeNBHON mUpHHAMH. Vo =uucno crenedelt csodogH,

X -pacnpenenenus HeUTPOHHHX WUPUH, %.-ro Xe XA JenuTeNbHHX WHDPUH

YTJIOBAAl AHM3OTPOIMUA ¥ 3BPEKTH [TAPHOM KOPPENSALMY HYKJNOHOB
TP IENEHUN AREP,

I'.H.CMUpeRKRH, B.T.Hecrepos, A.C.TumuH

HanpaBieno B XypHaj "fitepHad ¢uaura”

CoolmamTcs DPO3YABLTATH amanu3a 3HepreTHYeckoll 3aBACHMOCTH CpeJHero KBAXDATA MPOGRUMM
yraosoro moMenta K'= Ko Jenamerocs Agpa Ha OCh DA3NBNEHUA OCROJKOB C WCMONBL3OBAHMEM JAH-
HHX 00 yrioBO} aHU30TPONHUM PasNeTa OCKOJKOB JXeNeHUA /QLﬂg He¥TpoHaMM U U* eg;;qacru-
namu. [IpoBefeRAHN aHar3 3aBUCUMOCTH K*E) NO3BONUN ONDENSNUTSL Ind ALpa P B
IJebopMEPOBAHHOM MEPeXOZHOM COCTOARMYM KPUTUYECKYD JHeprup dazosoro nepexoma EQL=9,S + 3 Mom
¥ PeNUUMHY 2HEPreTHUecKod WmenM B CHexTpe BHYTpPeWHMX Bo3osympemu 24, = I,5 ¢ 0,3 Mon, Moxy-
YONHHEe BHAYEHMA CYMECTREHHO HURE NOCNeNHMX JAHHMX 00 3TWX BenMyuHaX. [loxasaHo, YTO MaGWTAl
orcTynnennit K? ot depum -ras’oBod 3aBMCHMOCTH, OCYCIOBNEHRHX 3JxheRTEMH napro#t xoppenauuy
HYKAOHOB, SHAUKTENLHO MOHbNG, YeM (PKAMMANIOCH DaRee,
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OTHOCHTENLIME MBMEPEHUA CPERHETO YUCA HESTPOHOB, UCHYCHAEMUX
0PW JEAEHMM U uw U™ HEITPOHAMK C OHEPTUEN 0,08 - I M23.

B.®.Kysnenos, T.H.CuppeHRUH

B paGote Mcciegopatach dHepreTHdeckad 3aBUCHMOCTL OTHOUEHMA CPEXHEro uucna BTOPUUHEX
HellrpoHoB V npy SHepru¥ HeWTPOHOB, BU3IHBAKUMX JeneHue Ern « ¥V npu En= 0,4 WMoB.

MeTomMka M3uepeHmil uajmoxeHa B padoTe ’]n Q. Bomi ot al, Hudl, '%f- 52648 (1964) "
B xayectBe HeTeKTOpa BTOPUUHHX HEHEE?HOB ncnonb30Basach MOHUZALMOHHAS Kamepa €O CAOAMK Th?,
lsMeperna npongﬁenu g U s guanasode En oT 0,08 xo T Nop Apu uuTepsasax

~ 0,I Mas, 114 U MAKCHMaNbHAA YHEPruf HeHTDPOHOB cocrapafna 0,8 iem. HeonpememneHHOCTE
B SHEPrMM JepBUYHUX HeWTPOHOB BO BCEX ONHTAX HE npepHmara + 60 K3B. :
MaaraeTcsd METOAMKA BBENEHAR NONPABOK B OKCTICDUMEHTAIBHHE pesynsraTH. IIpu paccuoTPeHUH
“TiONpaBoOK YUMTHBAAWCH Crelypuyue ofbexTs: I) 3aBUCHMOCTB KO(uNMEHTA NponopUUOHANEHOCTY MEXIY
NONHHM WWCAOM XeAeHW{ B IMCKE XenAmerocs BemecTsa u HUCJIOM peneHuit B TOHKMX CHAOAX HA TPaHd-
UaX XUCRE OT JHEpruM MepBHYHHX HEITPOHOB, BOSHUKADWAX BCIEICTBUE B3anmofieficTBUA MEPBUUHHX
HeWTpOHOB C ANDAMM RUCKa M MPOCTPAHCTBEHHOTO yJaneuus TOYER IWCKa, AexalMX B MNOCKOCTH, NEPNEHAN~
KynapHo# nyyrRy napapmmx HeWTpOHOB, OT MCTOUHMRE HEHTDPOHOB; 2) saBucuMocTh 3PPEKTUBHOCTH peTH-
CTpauuy BTODUYHEX HEHTDOHOB OT uouendpmelica SHEDPruM BOICYEZeHMA ZENAmMErocd Anpas 3) BAuRHUE
Tpofio#t MPOCTPAHCTBEHHOU KOPpeNAuHH nepawuﬂuﬂ HelTpPOH-OCKONOK XeNeHud - BTOPUYHHA HeWTPOH Ha
oeKTUBHOCTE PErMCTDANMM BTOPUURHX HelTPOROB; 4) BAMARME W3MEHEHUA NAOTHOCTY JeAeHUH Mo pa-
IKYCY ¥ TOALUHE Iucka Ha SPPEeKTHBHOCTH PETHCTPALHU BTODUYHHX HEWTDOHOB} 5) sknay adderTon
MyAbTHOIAMEAINY B MONHOE UHUCHO MMIYNBCOB, 2aperncTPUPOBAHHHX JETEKTOPOM BTODUYHHX HeHTPOHOB.
TNonpaBKH IAA BHODAHHHX Da3MEPOB CHCTEMH ORA3ANUCDH wepenuky ( He donmee 0,3 % ).
255 Pe3y/AbTATH OKCTEDUMEHTA C YUSTOM NMONDABOK NPUBGICHH HA puac. T and U®*  u puc. 2 nas
U™  Ha puc. I TpeyronbEWEaMM 0CO3HAUEHH DPe3yNbTaTH, NOAYYeHHUE panee B pagoTe 7n,aq89mxuuL

Wt ol A F¥%/¢ 52,648 (196%) , KDYXKaMu - JaHHHe HacToflueH
padoT. OOpamaeTcsd BHUMAHME HAa CTDYKTYPY B X0xe %%%%%ﬁﬂ , UMEDIyD MPOTMBOMONOXHUY XaDaK-

TEp JNA TOI'0 ¥ JPyroro M30TOMNOR.
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SHEPTETHYECKAS SABHCHMOCTD YV ¥ BANAHC PEANM3YDUERCH SHEPTUM
meu JENERMM UXP u U™ HEdTPORAME.

b
! B.$.Kysuenos, [I'.H.CupeRkun

Hacroamas padoTa nocsamena UCCAeNOBAHMD BONPOCA O BOSMOEROCTH adconmnaauvm pesylbTa~

TOB OTHOCHTEABHHX H3MEDeHR! cpegsero nucia BTODAYHHX HEUTDOHOB Mpu ReNeHUH U ow U¥
gelirponauu ¢ SHepruelt _E n €I MoB ¢ mOMOWBD MpUBJAEYEHMA XAHHHX MO CpeXRell RUHeTHIECKOM
BHOPrHWM OCKONKOB nenemMa Ey , AHammsupyercd SHepreTHUecKMi Gananc npy BOICYEAEHUR Reafmero-
¢4 2Apa TeNnmosHMU ¥ GHCTDHMA nenrponauu C MOMOWBD NPUBNEUEHNA JAHHEX OTHOCHTENBHHX M3MepeHmy
V (ED)n aEx (E) = Ec(En)=-Ex srae Ex(En)m Ex - cpeamue kureTn-
-YeCKHe BHEPTHA OCKOAEOB COOTBETCTBEHHO Npu ReNCHMM HellTpoHAMm C BHEpruelt En ¥ TemroB:uu
HeHTpoRamy. B MpegnONOEeRUH HEHIMERHOCTH KDHBOR BHXOXA MACC M 3apdNOB Y (MZ ) » muenasome
agepratl melirponos or O no I Mop ypapHemme CanaHca IHEPTUE 3anuUCHBASTCH B BUEE:

V(E) =T +alEn-aEx(En)] , rme  Q -CPeAEAd SHEPrMA OTAENSHHMS HeHTDOHA U3 OCEOAKOB.
O0uuHO cu¥Taercd, yro Qo = 0,I4 Mas -1, 30 ypaBHeHEE MOEHO CBA3aTH C BENMUMAOR K= V(En)/V(E.J,
onpegendeMol B OTHOCHTENBREHX usnepenmax.( Kyaneuon B.%., Cuupenxmn T'.H. “AtoMmas BHEDrua)

BHN, 5, 1967 r ) R(En..E.'n) -v-zg-)' [En, a Ex (En)] _
TloncTaBAdd XAA OXHAX M TOX X En. xamme mo R (EnEn )m aEx( Ern ),nonysaeu cucre-
My YDABHEHRZ C HeB3BECTHHME KOsbbunMeRTAMY VI u ﬁ.ﬁ'ﬁ s OMpeXenNdEeMHMN METOJOM

HAMMEHBDUX RBAADATOB. B pe3yxbrare ONpeReNeRAA ITUX ro2PPUUMEHTOB NMOAyUAEeM BO3IMOXHOCTH M0 W
ane U® w U™ puumenurs V ( Frn ) - cpenHee YHCNO HellTDOHOB NeneHMA NpH OMOPHOR IHep-
ram  En - HeoOXoguMoe Eif NepeBojs OTHOCHTENBHNX 3HaueHmil V(En)/v (En) _B abcotnTHHE 3RA~
gewnd. 10 ONpeZSNeHEHM TaRWM 0GPA3IOM 3HANEHAAM V ( En ) ¥ gaHnREM NO 48 ( En ) nponsso-
JANTCH NpOBEpRA NPOANONOBEHES O HEeW3MEHHOCTH . Y (M ). B oToM cayuae ypannenne daranca
9HEPTHH NDHEMMAGT BEA: AMc?=- [En- aEk(En)]+ -Y—(M , THe aMc? ~H3ueHeRHUe
kpasot Y ( M Z ), supamemnoe B aneprem\lecxux ennnunax. Ananu3s noxasan, 4910 B cnyqa.e v®
AMc? uueer cpe.zmee agagesse = -0,3 Mop B amanasome or 0,08 xo I MoB; mna U X0
0,5 Map AMcE= npu E'r,,u 0,6 n 0,7 Mo A Mc? 3ameTRO OTENOHAETCA OT ITOrO 3HAYE-
RHA, Yaer aTHX ormonemm npuBen K SRademmsM Y ( En ) = 2,494 pas U® , 410 mperpacho
cornacyercs ¢ V (En) =2,401 x 0 007 onmpefeneHHHM NpAMHM CpDaBHERMEM ¢ Y B padore

7u.a. Berrucma, ob ol Nud, Pﬁya. 53,648 ( 1964) .
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Ing U cuomemwe Vo ( En ) okasanoch paBHMM 2,462. AHANM3NDYOTCA BOSMOXHHG OWMUGKN
onpezenenus V ( Em ) C NOKOMED MSNOXEHHOTO METOJNA alConnTM3AlUuA.

AGconwrrue 3Havenus V (L) CPABHMBADTCA C ITAHHWMM JDYrux pacoT, OOCYRIRLTCE pe3ynbpTa-
TH ¥3Mepenull ¢ TOUKYW JPEHUR BAUAHUA KARANOBUX DNHEKTOB Ha V (E)u akx (E.). B tadnuie
NPUBOTATCA 3HAYEHUSR v ( En),nonydennse 10 pesynbTaTaM padoTH ﬁ ®.Kyswenos , ', H.CumpsHKUH .
"ATOMHAA SHeprus, Bum. 5, 1967 r.) W HacToAmell. B MPUBOAMMHE NAHHNE BEJNRYEHO CPEIHEe UMCHO
sanasiupapux Hefirpowon 0,016 xis U™ 0,007 mna U . Benwumwa Vi upw mepecuete
IAHHHX OTHOCUTEABHHX M3MEpeHW) NpMHUMANACh Ge3 OWHOKM, KOTODYD B HEOOXOIMMHX CAYYadX ciegyer
YURTHBATS . :

Tadzuna

- 233 - 235
Smaverus V (En ) U u U™, nonyuennue
adconpTuaanued pesynbraroa OTHOCMTeHbHHX n3MepeHuit (B.@.KysneHOB,
I'.H.CMupeHEMH, ' '"AToMHAR 3geprua, Bun., 5, 1967 r. )

Er , Mop VIER) U V(ER) U™
0,08 : : 2,489 + 0,030 2,456 + 0,022

| < 2,439 < 0,004%)
0,20 2,467 + 0,031 ' 4523 + 0,025
0,30 2,442 + 0,027 ? 511 + 0,023
0,31 - 2,483 + 0,022%)
0,40 . 2,182 + 0,025 2,491 + 0,017
0,50 2,472 + 0,027 2,486 + 0,022
0,55 - 2,441 & 0,022%
0,60 2,49 + 0,028 2,478 + 0,021
0,67 : - 2,471 + 0, Je®)
0,70 2,516 + 0,029 2,476 + 0,022
0,78 - 2,471 + 0, 025%)
0,99 » - 2,503 + O, 1020%

3Be3gouRolt momeuewn pesynpTatd ¥V ( Ln ), nonyqeﬂﬂue C MCIOJb30BAHUEM
CHMRTUARALMORKOTO KETEKTODA BTODUYHHX HeNTDOHOB | Civ ;kb a. Bgnuu/nb A

Nuel. Plr.ya. 52,648 ( /964)).
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CATKTPH YACTIL [PY HEYTIPYTOM PACCEANMH .
B.C.CTasuHCKuit

Buuncnena fopMa CHEKTDPa U ee XAPARTEPUCTHRU INA HEyNDYroro pDacCeAHMA HeUTDOHOB B CAvYae,
KOrja pacnpefeNeHye YaCTHIL N0 2Hepruy XZanexo OT DABHOBECHOTO.

CocTofHMA oCTATCHHOrO0  AXpa kEnaccubunupypTcd Mo umciay BO3CYEZEHHHX Map YacTHIa-AHPKA.
llora3aHo, 4TO NMIOTHOCTH YpOBHel, OTBevYapmad KOHPMTYpauuy ¢ JaHHHM YUCHOM BO3CYXIEHHHX map
BHpaxaeTca N-wa  YNeHOM pa3NoxeHus QyRRHMM Sh,oﬁf) ", TRe -TIIOTHOCTB OZLHO~-
YACTUYHHX COCTOAHMY BONU3M NMOBEPXHOCTW ®epmu, _f ~3Heprud BO30yxIenud. [losyyeHy Bupaxemud
INnd 3aBUCUMOCTM CPEIHEro uucaa BOLJSYRIEHHHX nap ¥ Imcnepcuu 5TOH BeNMUMEH B 3ABUCHMOCTH OT
"3HEePruM BO3OYXNeuus. OTKJIOHEHRUA OT CpeXHEro OKA3LHBAWTCA XOBOJABHO GONBEMMY ¥ COCTABIADT,
Hanpumep, 40% m1a B =5 M _f = 5. .

OYeBMIHO, YTO NMPU NOCTATOYHO GONBNOM UUCJIE BO3CYRIEHHHX YacTUN Popuma CHERTPa ONpenenseT-
cd B ocroBHoM dymemmed Sk (AF) , KoTOpad AnA GOJBWMX APTYMERTOB ~e” , T.€. Hamo-
MUHAaET PaBHOBECHHI CHERTP ¢ MOCTOAHHON"TeMmmepaTypoit” 'T=;§- . 1A agep NpOMEXYTOYHOTO Beca
( 4=~100) T=0,I, 4TO 3HAUMTENbHO MEHbIE HACHDIAEMOW TEMIEepaTypH.

[IpuBELSHHHE pacyeTH [IOKA3HBANT, YTO AHAAM3 TOABKO fopMy CIEKTpa HEYNPYTo pacCesHHHX
HeliTPOHOB HEXOCTATOUEH XA OLERKN BKJAJA MpsiMux Tmpoueccos B pearnup ( /U, noo.

CNEKTPY HEYIIPYTO PACCESHHEY HEJTPOHOB HA SIIPAX
77,2 , Uzzf 1 U™

O0.4A.CansHuxos, H.Uf,2etucos, I'.H,JloBuKKOBa,
T'.B.Korensuurosa, B.B.Anydpuerro, B.B.lIeBRUH

B pa6oTe u3MePANNCH CNEKTPH BTOPUYHHX HelTPOHOB, 06pasymUUXcA NpM B3auMoxeicTBuM HeliTpo-
HOB ¢ SHepruell I4,I MoB ¢ IendgmuMucA SJIeMeHTaMu, & UMEHRO TR , U u UM . Homepe-
HYA NMPOBOLMAMCH HA CNEKTDOMETDPE MO BPEMEHM mpojaeTra B KOJAbUeroldl reomeTpud. Yron paccefnud
COCTaBIAN 92°, nposerHas dasza 2 M, Pa3pemeHue CHeKTpoOMeTpa 4 HCEE/M,

CnexTpH BTODUYHHX HeHTDPOHOB M3MepeHH B MHTepBajne aHeprm# ot 0,17 Mes gmo I4 Mem., 3amer-
HHl BXJAX B HUX cocTaBaADT HedTPOHH Neneuud. [lonyuyeHHHe nocjle BHUMTAHMA HEHTPOHOB XeaeHud
CNeXTpH MCTApeHus MOSBONADT ONpelelMTh AIEDHHE TeMmeparyps 7 ¥ NapaMeTpH IUIOTHOCTH AXEpHHX
yposuelt, {p gaa uccrenoBaHHHX BSAEMEHTOB, Pe3yiAbTATH NPeICTABAEHH B TAGAULE.

BuuMcNeHRH) MO TeMnepaTypaM mepameTp MAOTHOCTM ANEPREX ypoere#t mna U xopomo cosnaza-
eT ¢ IaHHNMM pacoTH A.B.Menumesa (XOT®, 45, 3I6, 1963), rze 3TOT NApPAMETD ONPENEARNCA M3
aHany3a HeliTPOHHEX pe30HaHCOB. JaHHHe no IL™*  mocar npeXpapuTeNsHHl XapakTep,

Taoanma
7 232 235 238
T, MoB 0,82 + 0,05 0,86 + 0,06 0,71 + 0,03

Op Map™ 19,5 18,6 26,5
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PATVAIMOHAH 3AXBAT HEITPOHOB NPM CHHTESE T/KENWX JNEMEHTOB,

B.C.llopun, C.0.Kanuurames, B.E.Konecos

HampaBne#o B XypHan "fAnzepHas dusuxa”

0 coBpeMEeHHHM TDEACTABNERUAM 00Da30BAHME TAEENHX JJAEMEHTOB CBA3AHO C MNpollecCamu panua-
OUMOHHOTO 3axpaTa HellTpoBoB ¢ smepruamu I0 - IO0 R5B B 3Be3JaX: MEINECHHHM S -mponeccoM Ha
CTAXUM KPACHHX THraBTOB ¥ OHCTDHM 7 -NPOLECCOM NpM B3PHBaX CBEPXHOBHX 3Be3R. Moxenb

S -mponecca NpeiCKasHBAET CYNECTBOBaHUE KODpENAUNM MEXLy CeYeHHMAMM DaxsaTa HeWTDOHOB Gy

M DACHPOCTPRAHEHHOCTHD TAEENHX BACMEHTOB Ns . C uenLp NpoBEepKU STOro Npeicra3saHud Oty
NONYYEHH BeNUuUMHH N Gny i 22 "2KpaHUPOBAHHHX" A1€p,T.e. 00pa3’0BaHHHX TONBKO B

S -npomecce, LM 9 ALEp NPUBJACKANUCH DKCHEDUMEHTANbHNE JAHHHE TO CEUEHHAM DAIMALMOHHOTO
3axsaTa, NONYUYSHHWE Ha CHNERTPOMETDEe N0 BPEMeHM 3aMeXiteHud HefATPOHOB B CBUHIE M C NOMOMBD
ZeTerTopa MOKCOH-P38, JnA OCTaJBRHX ALep CeueHnd 3a¥BaTa HEUTDOHOB CUMTANMCEH N0 CTATUCTHUYEC-
KOt TeopUM fiXePHHX pearuulf ¢ UCNONb30BAHUEM ONTHUECKol MOjenu AIf pacuera HEUTPOHHHX MPOHULA-
emoctelt, CpeXHMe paccTOfHMg MexIy ypoBHAMA Lo  BHYMCHANMCH HA OCHOBE NapaMeTpa MAOTHOCTH
ypoBHelh " £ " ¢ yueroM rbyunupPOBKM BHDOXNEHHHX OJHOUACTMUHHX YDOBHel,

[lapaMeTpH, WCHONL30BAHHHEe NPU pacyeTe CeyeHuH pajualliOHHOTO 34XBAaT4 NMPUBEXEHH B Talnu-
ne I. B tadnune Tl npuBoIATCHA CeyeHMs 3axeata HeWTpoHOB  Gny , PacmnpocTrpanensocTH Ns

M BeIWUMHH .f==ﬂk Gny  INR SRPARMPOBARHHX AXep. Beauwumsy Ns OCHOBAHH HA JAHHHX [0
XMMUYECKOMY COCTABY METEeODMTOB. [[onydeHHHE De3YNBTATH NOILTBEDEIADT MNAaBHOE NMOBexenue OYHRIMU
f(A) W ORasammch B 2 - 3 pasa HUxe MpemNnonarapmuXcA panee . BenuuuHs As Gng unu

B3ATH NP SHEPrHE HeRTpoHOB 25 k3B ( 3.108 OK), Kax norasamo ®a puc. I, BHOpaHHAR TeMnepaTy-
pa NDUBOZMT K XOpDOmEMy coriacwp Bemuuumn Nsbny  1na cocexmux agep o$'36 wu C%"FI noBe-
ZeEMA cevuenult 3axsata K-DHX ~ CYMECTBEHHO OTAXYADICA W3-3a KOWKYDEHUMM DAIMANUOHHOMY 38XBATY
CO CTOPOHH Heynpyroro paccesHUA Ha BO3CYXNeHHOM ypoBHe 3/2~ ajpa Us ¢ omepriteit 9,8 xoB,
Hexons m3 nuasmoro nosepenna OyHRUNM _f/ﬂ) OHAY BHIENEHH BKJAZH S M /" -Mpoueccos
B DPACNPOCTPAHEHHOCTH AnepP, O0CPA30BAHAHX B CMemaHHoll uemw 3axBaToB, llonyyeHHWe IAHHHE IA4

I -nponecca YIOBRETBODHTENBHO ONNMCHBADTCA TeopeTHyeckoli kpmBoli KaaliTora u Paynepa

64nna[2 0{ Fy%fau» , 16 (1961) 51 ) » OIHAKO OTHOCMTEARBRMYE BRAAX I -mponecca orasancs
donee 3HAYATENLHHM,

Tadauua I

CraTUCTMYECKUe NapaMeTpH, KCIONb3yeMHe NpH pacyeTe ceueHult saxsara

o «
iﬁem’ [y (uoB) a (Mee-1) U (uo8) 2s (a8) Do f25[
100 )
o 170 4,2 5,31 1050 985
» 150 16,2 5,82 498 527
Czim 130 17,5 5,67 - I22 150
Xeuo 100 15,4 5,79 392 624
Xe M 100 14,5 5,48 934 1480
. 80 4,7 4,87 2030 3200
o 95 1,5 5,54 29,7 49,8
95 21,1 5,87 21,5 3%

ymo 75 19,1 6,00 32,6 49,3
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[Ipozonxenue Tadauns T

fixpo- [ (o) o (as™1) U (Mom) D, (o8) D, [2T
MWmEHb
IXG‘
Os 60 18,7 5,66 113 300
05" 60 18,7 6,17 56 149
PL? 80 18,8 5,40 161 320
H?"” 150 4,0 6,01 1110 1180
Tadnﬁga 2
PacnpocTpanennocTd Ny, DKCNEPUMEHTAZbHHE U DACCUMTAHHHE CeueHus
PaIManMoREOTo 3aXpaTa HellTpoHoB Ony npM 25 KB U NPON3BELEHUE
( Ns 6py ) IR DEDAHNDOBAHHHX AZED
flapa Hsotommut Ns Gny Ns 6ny
cocras, % (a’rou/IO6 (25 ®9B)
' aT. ,SL) MO
86
r 9,86% 1,75 87 + I7 152
Sr 7,02% 1,07 126 + 25 135
Mo 16,5% 416 100 + 20 41,6
o 12,62% . 17 192 32,6
" 10,97% 139 3I3 43,4
. 12,32% 9,86.10” 727 7,2
Snm I4,30% .187 116 + 23 21,6
T 4, 74% 2,94,102 160 & 32 4,7
Xe, 1,919% 3,07,10‘5 326 10
y 4,08 % 6,53.10" 160 10,5
27,11% .18 68 12,3
Sm. II,24% 2,58.1072 293 & 58 7,6
. 7,44% I,71.1072 420 3 80 7,2
Ga o 2,23% 7,3.1073 1120 8,2
o 2,294% 7,I 1072 1310 9,3
o 3,I4% 5,65,1073 945 5,3
wa6 5,20% 9,51.1073 800 + I60 7,6
i I,59% I,12.1072 400 4,5
- 0s”, I,64% 9,6 ,I07° 460 byt
Pt 0,78% 6,24,107° 392 2,45
Hg"™ 10,02% 6,25.1072 176 I,I
P 1,37% (3,7-698)1073 Ioh 1 25 (4,6-87)1071
[lprMevaHue : a) 1nA SKCHMEPUMEHTANBRHX BENNURH CEYCHME YKa3amd omucry (s 20%);
6) pacmpocrpamemsoctn S, hyn n 05" mnenpasneny

C yueToM BENAZOB OT DAIMOAKTMBHOTO pacnaje W3oTomop /o4
’é 78 = 4,6.10008e1), Lu™ (T =2,1.1010e1) u
R (T = 4,3.1008e1)

n
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~n
(=

10

G ( uo )x N ( aromos/ 108s1ou03 Si )

5 ) 10 20 . 50 100

3JHEeprHR HelTPOHOB, K3IB
Puc. 1.

lipoussegexHne CB‘IEHM;‘*I 3axsaTa HA DpacnpoCTPaHeHHOCTH EAA M30TONOB
i 18 . ,
US n US B 3aBUCUMOCTHM OT BHepruM HeJATPOHOB.

BUXORH PAIMOAKTUBHUX M30TONOB B ANEPHLY PEAKIIMAX
HA [{MKJIOTPOHE,

n.0.imnrpuen, U.0.KoncraurnHos, H,H.l[pacHoB

B nmponecce paspadoTR¥ MeTOXZOB NONYUYEHHS PRIMOAKTUBHHX W30TOMNOB HE UMRAOTDOHe &DH Mame-
PEHH BHXOAH 33-X M30TONOB, 00pPaAsybUUXCA B PEARUUAX C NPOTOHAMM, JelTOHaMM M oL —-uacTHLAMA.
Hugke npubeieHa Tasdauua cuocoGOB TCAYYESHMA M BHXOLOB M30TONOB LIf Eb: 22 Moas, Ed= 2T Uom
¥ Ei= 42 uos. llorpemnocTs B ONpeAeneHMY BHXOXOB COCTaBideT + I5% IA4 BCeX WIOTONOB, KpPOME
A* w Mo® » LI ROTODHX OHa XocTuraer i 50% BCresncTBUe TpyAHOCTell, CBADAHHHX C Buge-
JIEHMEeM ¥ U3MepeHUeM OUCHb MAJNHX AKTUBHOCTEelM, Bce 3HAUEHUS BHXOJOB YRKasaHN IAd €CTECTBEHHOH
cuecn CTQOWABHEX M30TONOB MCXOXHHX DIEMEHTOB MUmeHeH.
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Tadmuna
lonyvyaenui llepuox nonypac- Metox noay- Tun peaxuuu BuxoJX MEKDDY
K30TOMN na18 YeHUA MKa.4,
, di+p (pr) 185
Be 53 xi Z +d (dn); (dan) 60
" /;7; tp (p), (pan) 0,45
N 2,62 KR4 g+d (da), (dan) 3,5
AL+ p (pp 1), (p 2n) 15,1070
Mg +d (dn)  (d2n) 2,3.10°
A 7,38.10 “ner
Mg+ (x2n), (L31) 6,4.107°
Mg+ p (£ p(;UVL)(c".P'Z”) 5,7.107°
T 47,3 roze Sc +p (p2n) 0,18
Te +p. (pr), (p2n) 570
To +@ ldn), (dzn),
y (d3n) 290
V 1,6 xmeit Tire (oL21)  (A3N)
(otp 1), (Lp2n) 12,3
» To+p (pn), (p2n) 3,2
V 330 nHel T+l " (dn) | (dzn),
(dsn) 8,3
Vep (pa) 520
. Ve d (dzn) 470
b 27,8 2ua Ce+p (p2n), (ppn) 160
Cu+d (A}, (dsan)
(dp), (ct) 19
Co+p (pr) (p2n), (p3n) 465
Cu+dl (daon), (dan) 460
MrLEz 5,7 IHA V+ot (sL31) 78
' (e +o (P rL) I2
Mn+d (DLU 2,7
Mn+p (ep 1) 21
(e +p (pn) 0,45
Mo 313 guen (r+d (dn), (dzn) 1,9
Fe+d (dzp), (dot), (Aetn) 2,8
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[Ipoxonxerue TaGAULN

) V+o¢ (L) L7
an 313 nHeft G+ ok rn), (Lp2n) 5,8
Mn +'P (D /1) 9
o Mn “d (de’L) 8!I
Fe 2,7 roza Cr+ o () (2n), (43n) 0,72
M +p (pat) 0,3
Fe+p (e (p2n) 74
3 Fo+rd (dzn) | (dsn) 42
Co 77,3 IHA Mn+& («3n) 2,9
Fe+ro (£2n), (dpn) 2,4
M +p (p2n), (ppn), (p2p)
o ‘ (p ) 35
(o 267 muei Ferd (dn), (dan) 2
Ni+ol (ottd, (ot p) 2,7
Fe +do (an), (a3n), (hp)
(oLp 2n_) 2,1
(o +p (ppn)
Con 7143 nHAa ; P e
Fe+o (pn), (Lp2n) 28,5
7.4 S Cu+p (pn) 5
n HE
X Cud (dzn) I
Cuv s x2n), («pn) 8,5
Zn+p (pn), (p2n) 500
Zn +d (dn), (d2n), (d3n) 3%
G n+ o (wnd, (31 (4p)
a 78 uacos (¢p2n) 280
Cu+ o («2n) 160
Ga +
6 0L+ p (p2n) 5
Ge 280 Znelt Zn+o (2n), W3n) 2,1




[Ipogoaxenne TaOauik

Ge+p

o (g}, (r2n) 33
76 nHel
d . Ge+d (dn), -(d2n), (dan) 26
s Ge+p (pn) 170
s 18,0 xuett Ge+a (o), (dzn) 215
S 8,6 xu Ge (w2n) 19,5
s 25 Rb+p (pn) 50
2 64 xua RE+d (dzn) 60
y" IL+P (pn), (p2n) 1750
80 uacos Se+d (dn), (dzn) 390
, RE+o («2n) 365
y” o5 ?n Sp+p (pn} 70
ZHe Si+d (dn), (dzn) 60
Zi+d (det) |, (dun) 1,6
, -3
MBJ 2600 N5+p (pf'L) 4,1,I0
0 et Né+d (dzn) 6 .107°
p 13 ‘ Rh+p (pn) 245
d 17 nnett Rh+d (dzn) 340
. Ag+p (pn) 5,1
103 1]
(o 416 guet Ay +dd (dzn) 6,6
Ay + & (2n) pn) 2,2
Sn'® 118 gweit Cd+et (), (2n) 2,0
o N Lo+ p (pn) 10,5
ZHe La+d (dan) 38
oy éu +p (pn) 3,4
120 zumeit Eu+d (d2n) 16,8
. To+p (pn) 3,3
W 31 » ’
130 zwei Tou+d (dzn) 12,4
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[pojonxenve tadanuu

_ PL+p (bn), (p2n) 4
Y/ 192 xna Pr+d (dn) (dan), (d3n) 5,8
PL+ o, (L3n)  (Lp2n) 1,9
Pb+p (p2n) (p3n) 90
205 5, ]
Be 1993 aret Phed (dn)  (don) %
PR Pé+p (on). (p2n), (p3n) 2%
¢ 6,21 aua Péedd Gan) | (o) 215
, Pt +p (prn), (p2n) 0,20
B 28 1ot Phed (dn), (don)
(d3n) 0,21
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WHGTHTYT TEOPETHHMECKOR I OKCIMEPUMEHTARBHOA PU3MKH

NOAMLE RENTPORILIE CEMEHWA M30TOMA oTA™ B OBNACTH
OHEPTUR ( 0,02+ 50 ) 3B,

¢.M.KaneGuu, P.H.Msosos, O.H.Oanedl, 3.K.Kapanosa,
I.}.Kyxapanse, B.H.Muxosa, H.M.lndaesa, T'.B.Pyxonaitue

JnA MCCHeZOBAHUA MORHHX HellTPORHHX CeueHull XuMUYOCKUM NyTeM BHZeNeH W OYWNER OT npume~
cell msoron 7”;"0 B ronMuectBe 105 Mrp. UMCTOT2 MPUrOTOBNEHHOTD 00pasna YCTaHOBAeHA C 1O~
MOWBD MACC-CNEKTPOCKONWUECKOTO ARAnu3a, If3Mepenus HeNTDOHHEX ceveynlt BHNONHENH HA MeXamU-
YeCKOM NpepHBaTese, NOINBEMSHHOM B MATHUTHOM NONe. Pe3ynpTaTH ApexcTaBjeHk Ha puc. I, 2.

? 6 1500w
100
15
50
25 e
o : wé%yq ég%?i-——L‘f“iﬁgggm ;i:ng

Puc. 1.

fMonRoe HeRTpPOHHOE cedemue TOPWA-230 B TennoBOH oGracTw
sHeprufl,



6 (SapH)
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{000

4000]
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410 i 10

Puc, 2.

flonune nelTpoMENe CeuemMA TOPUA-230 B 06MACTH BHEPruil

( 0,02.¢.50 ) sB. Tonmuua odpasna N = I,72.1021ar/crux2

B mccnemyemoli odnactn sHeprkli odnapyxeHo 9 yposHel ( cM, Tadamiy).

B E s [y (n6) [n (Mb) YA
I I1,I07+0,006 (28 & 2)¥) 0,0018+0,0002 0,017+0,00 2 p ~DE30HAHC
2 1,431:0,007 27,842 0,1904 0,005 1,59 +0,05
3 2,39 +0,008 (28 £ 2) 0,0095+0,00T 0,061+0,007 p -DPe30HaHC
4 7,80 £0,05 26,444 1,55 0,05 5,5+ 0,1
5 I7,40 0,08 23,14 5,1 + 0,2 12,2+ 0,1
6 24,0 0,12 26,8+8 4,60 + 0,I2 9,4+ 0,2
7 .31,9 0,2 21,048 1,40 + 0,05 2,50 £ 0,1
8 39,2 £0,3 27,0+10 3,2 £ 0,2 5,1 +0,3
9 47,5 £0,35 26,0411 2,2 +0,I 3,2 +0,2

X) 3yavenus Iy

, B3ATHE B CKOOGKM, He BUUUCAANUCH, & OuAM DPUHATH,



Cpexnnee pacCTOAHME MeXAY YPOBHAMM D= (7,67 + 0,3 ) 9B, cunosas Pywruui

Se= ( 0,74 + 0,05 }.I0-%, Tonuoe HefirporHoe ceyeuue B TemnoBoil Touxe ANA Th .
paBHO 70 1 3 OapHa; CeueHWe MOTEHUUANHHOTO PACCEAHUA DABHO I3 + 3 OapHau. OTMedaeTCa Xopomec
coBnajgende Hepru¥ ypomHe# m3orona TopMsi-230 € noNOXeHWeM HeUTPOHHMX YDOBHe# y raduud.

30

WCCNENOBANUE ACUMNETPHYM MIMYYEHMS W AREPHOTO
MATHUTHOTO PE30HAHCA /3 -AKTHBHUX SEEP, OBPA30BAHHLX
TPW SAXBATE MOASPU30BAMHHX TEIMIOBMX HEHTPOHOB.

AJL.Tynsko, C.C.TpocTvH, A.XyZOKAUMH

B padoTe onucusaercA YCTAHOBKA W NPUBOSATCA DE3YABTATH UCCNENORARUA ACHMMETPHM MINy-
yeHua ¥ AMP nonApU30BRHHHX /3 -akTuBHuX Azep. [lonApM30BaHHHE AAD4 00pasywTCA NpU o0ayde-
HUM HeNoNAPUIOBAHHON MMNEHM MONADA3OBAHHHMU TEMNOBHME HelTpoHAMM, YCTAHOBRA MO3BONACT NPOBO-
IUTH UCCAENOBaHMA TNPH PA3NMMUHHX TEMIEPATYpax MADEHM BNAOTH X0 reaueBuX. [loxpodso paccmarTpu-
paercAd du3MyecKad OCHOBA M3y4yaeuoro ABJEHMA M CBA3h IKCIEPAMEHTANBHO HAGADLZaeMoRt GOpMH MuHMK
AMP ¢ ecrtecrBeHHOM, ompexesiifeMoit MORANLHHMA MONAMH, :

T. Ina paja u30TONOB OfpeReneHa BEPOATHOCTDH hﬁ,t;@ 3axparTa TEMNOBOTO HelTDOHA AXpPOM
MWIeRN C 00pA30BAHMEM BO3CYXACHHOTO COCTOARMA CO CMMHOM Jo £ 172 ( J, -cnun axpa My-
meHM), M3mepena noasapusamua P /3 ~aKTUBHHX AJep B OCHOBHOM COCTOSHMN. Pe3ynpTaru mpej-
CTaBJEHH B Tadnuue.

Tadnmua
8
Li ‘ F-zo Agm ) ﬂgno CLL“
o+ 172 " r T - 2"
Woress, % 100 - B 24 100%) >08
P,s 40 20 I0 10 3
x) . ‘ 109
Ceyerve pearuny Ay +n B TemaoBo#t o0nacTH MONHOCTLN ONpeXenf-

eTcAd pe3OHAHCOM 5,2 3B CO cnuHOM I™,



- 32 -

.8 20
2, llonydyenu 3HAYEeHHMA MATHUTHHX MOMEHTOB OCHCBHHX COCTOAHuM amren [J— " P H

1,6530 + 0,0008 ax.Mars,

(/umﬂ)
()

2,0925 ¢ 0,0009 az.Mard,

20
3. HaOnpganoce yBenuueHUe acuMMeTpPHH /9 -M3NYyYeHUda Axpa F U U3SMEHEeHMNe
dopMe kpuBoil SIMP B MOHOKpUCTANNE CaFz NpU TIOCHUREHUM TeMrnepaTypH odpalua IO reauenoil.
,4 108 4 "o
4, TorazaHO, 4YTO CHCTEMH MOJADPU3IOBAHHMX /3 -aRTUBHHX AKep 9 woAg
B KDUCTAINNYECRKMX olpasuax ﬂgﬁﬁ COCTOAT M3 XBYX NMOACACTEM - OXHON C COJBmMM BpEMEHEM

penagcauuu, a APyroi ¢ masuM. OOCYERaeTCA MeXaHWU3M Dejakcaluu 3TUX Anep.
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WHCTHUTYT SUSMKN AH YCCP

"ORMOXHOCTE TNTPOTEKANUA (n, p )-PEAWIINA HA TEMNOBHY HEHTPOHAX
TR HEATPOHONBDWINTHHY. SNEP.

A.%.Janaxvwna, J.A.Tonopau

MpeacTasieno Ha XY eXerogHOM COBEmMaHMM
no AXepHON CRNEXTPOCKONMM ¥ CTPYKTYpe fAxpa

D pa0oTe DacCUMTaHH M NpUBEIEHH 3HAUEHHA Q (nm, p. ) -peaxumit. Paccuurary ¥ mpu-
BeIeHU TOKEE KOBMHUIMEHTH NPOHMIAEMOCTEN MOTEHNUANHLANX GapbepoB IR MPOTOHOB 13 (A, p )-pear-
uuit. PacueT NMpOHMOAEMOCTEll MpoBeIeH B KBA3UKISCCHUECKOM NPUOTMEEHUM XNA NMePeXoNoB B OCHOB-
HO@ COCTOHHWe KOHEYHOTO Anpa, C YUeTOM HeHTPOGEEHOro 0aphepa ¥ AIEPHOTO NMOTEHNMANA:

Vi _=($38-033E)
1+exp E=12
3Hauenud Q ( nop Y-pearnuil 1A HeWTpoHOIeDUUUTHHX #AIep NPEBHMANT 3HAUCHAA 62 nd
CTAOUNbHNX AXep. [[pOHMLIAEMOCTH OaphrepoB IAA STUX AXED 3HAUMTENBHO BHNE, YeM INA CTabHMib-
HHX AIep, MOSTOMY IiA4 HelTpoHOIedUNUTHHX SEEP MOXHO ORUZATHL MOBHmMEHHOW BEPOATHOCTM BuNeTa
MPOTOHOB W3 COCTABHOILO AXpa NpU 3aXsaTe TENAOBOro HelTpowma,
Ha pUCYHKE NpuUBEIEHH SHAYEHHHA HATYpPalbHHX Jorapudmor kodhPuns#eHTOB MPOHHLAEMOCTH B
3aBUCUMOCTU OT MACCOBOTO YucCJa fIpa-MumeHM INA HevyeTHO-HEUETHHX AXep-mumeHnell,

énP
.
of & AS
Ve 8
Na S R I N
o v Y o 69
Hn NSI "
-0 C
Se 3
o
78 i
Iﬁu
20l Tul %
£
A °
o A
o
.30}
0 30 700 50 200 250 A

Puc. I,
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YPOBHU COCTABHUX SJIEP, BOSHUEADIMX MPY SAXBATE MELNEHHUX
HEWTPOHOB U3OTONAMY OCMMS 187, 188, I89.

B.[l.Bepreduuit, M.®.Bracos, A.2.Jlamaxuuwa, P.A.3aueproscruit,
A1 Kupunpk, M.B.Maceunuk, H.A.Tpodumona

TipexcraBaeno Ha XYII exeroxHoM comema-
HUY MO ANePHOM CNEeKTPOCKONMM M CTPYKTYpe
axpa. Xapekom, 1967 rox.

C noMomsn MEXAHMHYECKOTO NpepuBaTens » wHrepeane oHeprudt 0,004 - 300 3B npu paspeme-
. AMAX 0,2 MECek/¥ ¥ 6 MKCeK/M M3MeDeHH NPONYCKaHud 00pasnoB, oCOrameHHHX M3oTomamu ocmua 187,
188 u I89, ¥ odpasue NpupoxHOTO oG6MuA. YCTAHOBAEHA NPUHALNERHOCTH YPOBHeR w3oromaM:

0™ 0s"™ Os'™
( E, & o8B ); ( E» B3 ) ( E, Ban)
]

9,45 + 0,1 39,2 & I,4 6,7 + 0,1
127 + 0,3 83 s b 8,95 + 0,15
20,3 1 0,5 (?) 10,4 % 0,2
24,0 £ 0,7 18,8 + 0,5
25,5 + 0,8 (?) 22 10,6
39,2 + I,4 28 &I
hy + 2
50 +2
65 1 3

* CEMEHRE PAIMALIIORHOTO, 3AXBATA BHCTPUX HEHTPOHOB M30TOMAMH
T 'V

I.l.3anens, N.A.Kopx, H.T.Craap, U.A.Tourni

HanpaBiero B EYDHal "ATOMEAS DHEDTHA .

MeroRoM arTHBanyy nauepeﬂ 3HePreruqecxuﬁ XO& CeYeHMs DAIKalMOHHOTO 3aXBaTa OGHCTPHX
HEeWTDPOHOB H30TONAMH 7" n \/ B uHTepsane 3peprui#t 180 k9B - 2600 Ka3p. CpaBHNUBAAMCH
aKTHBHOCTH O0GPa3sLOB, OONYUCHHHX MOTOKAMU OHCTDHX M TEMNOBHX HeliTDOHOB. ONODHHMME CEUeHMAMU
GHAW CeYenme peAcHNA U =235 Gucrpumu HeATpOHaM¥, CeYeRue aKTHBALUM U30TOMOB 71” n \7:
.TEMJIOBHMYK HeliTPOHAMK ¥ CEueHHWe IelleHUR U -235 Tennopumu HeWTpPOHAMYU.

B radnauwnax I n 2 npexcTaBleHd pesyAbTATH u3Mepeuuldl, B Tadauue 3 NpUBEIEHH MCHOJbL3YeMHe
Ceyernd xeaeHud U -235.,



50
L

6 capx

Taonauna I
E. ka8 180 + 73 285 + 65 510 + 60 1220 + 85 1425 + 85 1625 + 85 1830 + 90 2030 + 90
6o MO 0,89 + 0,09 0,63 + 0,07 0,70 + 0,07 0,65 + 0,05 0,78 + 0,07 0,48 + 0,06 0,51 + 0,06 0,37 + 0,04
Tagnuua 2 vV
: ) 1
. En ros 187 + 67 293 + 57 409 + 53 520 + 50 ° 806 + 86 I0I6 & 84 1220 + 85 1425 + &
6o u0 7,11 + 0,45 4,92 + 0,31 3,18 + 0,20 2,II + 0,I3 1,65 + 0,12 1,56 £ 0,I0 1,39 + 0,08 I,35 &+ 0,09 '
En ®oB 1626 £ 86 1830 + 90 2030 £ 90 2220 + 90 2610 + IIO
bag 16 I,33 ¢ 0,09 1,07 + 0,09 0,98 + 0,06 1,05 + 0,06 1,10 + 0,07
Tadnuua 3
En &as 180 290 410 510 810 1020 1220 1420 1620 1830 2030 2220 2610
1,45 1,32 1,26 1,22 L,17 I,26 I,27 1,27 I,27 1,27 1,30 1,30 1,30
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YIPYTOE PACCEANUE HEATPOHOB C SHEPTUEN 1,5 Mae HA SIPAX
CPEIHEO ATOMHOT'O BECA.

H.A.Kopx, H.M.MpaBausrit, B.A.Muumenro,
H.E.Canxyp, MW.A.Touruit

Hanpapneno B "Yrpauucrku#t ¢usuuec-
EuA xypHan"

Ha anerTpocTaTMyeckoM ycroputesne HucTuryrta dusuru AH YCCP npoBejneHH u3uepeHuRr jgubhbepeH-
HUANLHEX CeYeHUV ynpyro pacCeAHHHX HedTPOHOB C HayannHol sHeprmedt I,5 Map + 0,05 Mas na ax-
pax THWTaHa, XpoMa, %enesa, KodanpTa, HUKend ¥ Mexu. Vsmepenun anddepeHHMANBLHHX ceueHME npome-
NeHH InR8 BOCHMYM YTJOB pacCeAHud B Aruana3oHe 30 ¢ 140°. U3 U3MepeRUl YrAoBUX pacnperenenuyt ynpyr
pacCefRHHX HeliTpOHOB ONpeXeNieHN MOJNHHE CeUYEHNWS YNDPYTroro paccefHud, TPAHCMODTHHE CEUYEHHUA U

CpenHHe 3HAUEHUA ROCHHYca Yria ynpyroro pacceauus, CeueHud yNpyroro paccefHus B NaC0PATOPHOH
CHCTEMe KOODIMHAT NMDEACTABAEHH B HopMe:

. 4
%L = ;/h P, (cos6)
YucneHHNe 3HauYeHud BH‘JMCJIGHHHX ﬂ,nepHO-(fmaulIGCKMX KOHC‘TaHT n KOE(TJGDMIIMGHTOB 4L s TNOJYUEHHNX
MOINCOHKOM MO MeTONY HAMMEHBUUX KBAXDATOB ,nw(beepeHuMaJIbHHx ceyeHult, UCHpaABAEHHHX Ha MHOTOEKDAT-
HOe pacceRHWe, NMPUBEIEHH B TaGNUueE.
VISMepeHHue YrJI0BHE pacrnperefleHUn ynpyro pacceaHHux HeWTDOHOB AHANH3NDYDTCA Ha OCHOBE
mecTH napaMeTleleCR‘.Oﬁ onTHYecKkoi Moxenu sagpa. HOHFOHKa.TeopET"‘{ECKMX KDUBHX K 3KCH9pMMeHTaJIb—

HUM TpOBORURACL TO METORY Xz . B padote ofcyxjaerca wWiIMeHeHwWe napaMerpoB MOJReau C U3MEHe-
HUEM aTOMHOTO BE€Ca Anpa.



UMCNIeHHHe DE3YABTATH W3MEDEHWH pacceauus HelTDOHOB Ha AXpaX

Tadnuua I

Sapo bt b e 61‘,11: cos 8 A /41 /42 As ﬂl{
gapH gapy dapH
T ,3,20 2,765 + 0,134 1,958 + 0,170 0,292 + 0,028 0,220 0,193 0,293 0,114 0,065
-l 3,10 2,803 + 0,149 1,870 + 0,205 0,333 &+ 0,039 0,223 0,223 0,337 0,I31 0,061
Fe 2,80 1,885 + 0,089 1,303 + O,II7" 0,309 + 0,029 0,150 0,139 0,216 0,106 0,014
G 3,30 2,438 + 0,166 1,738 + 0,214 0,287 + 0,040 0,194 0,167 0,208 0,135 0,042
N 3,10 2,765 & 0,I05 1,919 + 0,140 Cc,306 & 0,023 0,220 0,202 0,272 0,158 0,048
Cu 3,10 1,973 + 0,082 1,488 + 0,100 0,246 + 0,020 0,157 0,116 0,194 0,119 0,100

_Ls-
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ONPENEAEMUE CEYEHMII PACCESHMS HEKOTOPLY PENHO3EMENLHHY SMEMEHTOB
1151 TEMIOBEY ¥ SUUTEMNOBYY HEHTPOHOB,

B.M.Beprednuit, H.J.THunak, B.B.KoxoTuwi, E.A.lJaBnesxo

Hanpapieno B "Yrpanmucku? dranvecunt
xypHan"

B 4JC -TreomeTpM 1A HelTpoHOB C 3Hepruell O‘,02 - I 9B ¢ [MOMOMBO MEX3HUYECKOTO npe-
puBaTena HelTpoHOB Ha aToMHOM peakTope BBP-M VPAH YCCP u3MmepeHr NMoaHHe CeYeHUA paccedAHua
AIep IMCIpPO3UA, TONBMUA M JADTeuud, [IpuMeHAAMCH o6pa3ui B BUIE okuceil 509263 s HoUs
u L, 05 y Npuuen n 6y < 0,13, Bpemenuoe pa3pemenye B IKCNEPUMEHTAX NpUcAUsUTeNbHO I2
¥ 3 Mxcexk/M. I3MepeHMSs BeAUCh OTHOCUTeNbHO BaHamua [I, 2] .

He prc. 1 mprBeleHa DHEPreTMYECKad B2BUCHMOCTL MONHOTG CEUYEHUA DACCESAHNA NDTENUs ¥ TONb-
MUMA ANA TOT0, UTOOH MPOMANDCTPUPOBATE 5PhHeKT MATHWTHOTO pacCeAnud, IPDEeKTUBHHYE MATHUTHHE MO-
MeHT WoHa Ho *++M ahd pamen 10,65 Mz , TOrja Kak 1nd Lu+++) odd = 0.

Ho, 05 u LJLz[k MMENT NOYTH ONVHAKOBNE MApAMETDH pemeTkH, CucTeMaTHyecKue OmMUCKN
B ONpeNeNeBUM MArHWTHOTO paccedAmusa Ho *++ wmoryr Owrh nopazka IS5 - 20%,

B tadavue 1 npuBOXATCA UNCAeHHHE 3HAYEHMA CeYeHMH pacCedAuus NNA JAOTEUns ¥ TONBMASA,

B radnuie 2 3TH xe A4HHHE XN IMCNDPO3NA C YyUeTOM MATHUTHOTO paccesHud,

llpuBeeHHNE 3HAUEHMHA TNoOXyvanuch 1o cnexypued dopuyne: :

65 = 1/2 65 oknen - 3/2 b5 KucIOpOIA.

THTEPATYPA

1 ATnac HeWTDOHHUX cevenni BNL - 325,

2 X.B.lPoprees, N.A.faprames, A.B,Meswwen. " SixepHo-Ou3MueCKMe KOHCTAHTH",
FocatoMm3natr 1963.
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Tadnuma T

X
TlonHue CceyeHUA pacCeAHUA bs B fapHax mnd JIOTEnUs ¥ TONbMuA

( Gen BHYMTAHWMA MATHETHOTO PacCedHUd)

JdHeprusd Jiorennit TonsMuit

B 2B 6s B Gapuax 65 B GapHax
1,00 6,10 + 0,10 9,6 + 0,2
0,80 6,30 + 0,10 9,5 + 0,2
0,40 6,30 + 0,10 10,5 + 0,2
0,30 6,10 + 0,10 11,5
0,20 6,10 + 0,12 12,6
0,I0 5,50 + 0,I5 18,0
0,08 5,90 + 0,I5 20,0
0,06 6,00 + 0,20 23,0
0,05 6,00 + 0,20 25,3
0,04 5,60 + 0,20 26,0
0,03 6,00 + 0,25 32,0
0,02 5,00 + 0,40 36,8
0,01 6,10 + 0,40 46,0




- 40 -

Talquya 2

llofHUe CeueHUs paccednus UPUPORHOTO IUCTPOIUT”
( ¢ puueToM M el BHUETA MATHWTHOTO DPACCERHMI)

I):ez;m 6s » Caphax bs= 6Gs - 6w
B 0apHay
1,01 50,5 + 2,0 50,5 + 2,0
0,75 58,4 & 2,0 58,4 + 2,0
0,57 6,4 + 2,0 6lt, + 2,0
0,45 68,1 + 2,0 66,5 + 2,0
0,37 69,6 + 2,0 67,7 2,0
0,30 72,6 + 2,0 70,4 + 2,0
0,25 T+ 2,0 71,8 + 2,0
0,20 78,0 + 2,0 74,9 + 2,0
0,15 ' 79,0 + 2,0 75,3 + 2,0
0,10 81,5 £ 2,0 75,2 + 2,0
0,05 90,6 + 2,0 77,5 % 2,5
0,04 94,3 + 3,0 78,7 + 3,0
0,03 98,7 + 3,0 79,2 + 3,0
0,025 ~100,7 £ 3,0 77,5 x 3,0

6M - TI0JAHOE CCuenre MOTHUTHOTO paccedaHusd,



X
6} dapr.
10%

Lu M (Lu"")=0

Yor 4+ 6 6100 2 i s 86100 2 4 6 énmksl

Pae, I.

_If’—
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YPOBHU IHCTPO3UA 156

B.0.Bepreounii, H.A.Hnzax, A.W.HanpvyeHxo,
B.B.Konoruit, E.A.[laBaesko, M.B.llaceunuk,
K.U.Incauko, B.[l.Pynumun

Ha aTomsom peaxrtope MRAH YCCP u3MepeHw nponyckaHud pPeikMX K30TOMNOB jpucnpo3ud I56,
158 u I60 ( PacmpoCTPAHEHHOCTHO B NPUPONHOM COOTBeTCTBeHHO 0,05, 0,09 ¥ 2,3 % ) and uelTpo-
HoB ¢ oHeprued# ot 0,01 go I00O »B. MakcumansHoe paspemsHue 0,05 Mxcex/M. Hamdonee CHRbHHE

YPOBHH, NPUHALNEXANUE XZUCNPOIMO 156, UMEDT BHEDPrun:

3,21 & 0,0 5 8,09 % 0,04 ; 9,I8 + 0,04 3 15,2 + 0,09 ;
19,65 + 0,14 5 24,6 + 0,25 29,4 =+ 0,253 69,1 + 0,9 ;
91,6 + 1,5 5 I25 &2,

DHeprus YRa3aHa B BNEKTDOH~BOABTAX,
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SUBNKO-TEXHMUECKUET VHCTUTYT Ml AL 0008
AH CCCP

239
KAHETMUECKAE OHEPTMM OCKOMKOB NRNEHUA AL TENNOBLEIN
i PEIOHAHCHUMM HEHTPOHAMU

T'.3.5opyxosuy, J.M.Hamunxep, T.A.Tlerpos

~

¢ noMoms® XBYX NOBEPXHOCTHO-GADhEDPHHX CUeTUMKOB ¢ 32 MM M3MepANUCh KMHETUYECKH2 DHEeDPruu
NapHHX OCKONKOB LeNeHus put

B XaueCTBe DE3OHAHCHHX HeJTDOHOB MCNONABL3I0BANMCH HelfT POHH, Npomenmue camapiueBmil GWARTD,
YTO NOBBONMNO BHECAMTH pesoHawc 0,297 3B, TlonyueHo npumepHo 30% yMmeHbUIEHME BHXOIR OCKO.KOB
SENeHUA B CHMMETPUUHON OONACTH Mpy JeJeHuy Pe3OHAHCHHMM HeliTpowamm ( B CDABHeHMN C Xelenuex
TennoBHMN HeliTpoHaMu). )

B radnuune I ( T ~-xenemue TenJOBHMM HeifTponaud, ShL—npomexmuMu caMapueBHlt GuALT)
npejcTABNEHO pPACNDeleNeHrne CYMMAPHNX KHMHETMUECKMX JHEPru¥ CUMMETDHUHNX OCKOJNKOB XZeNeHns

P $ BHXOX NaH B OTHOCHMTENBHHX CIMHMIAX,

BUCHMOCTD CYMMADHO! KUMHETMUECKOH IHeDTrMX OT OTHOWESHMA MACC OCKOJNKOB, a Tak¥e noay-
UMPUMEH KDUBHX CyMMapHOl XMHeTHYecko}f OHepruM, Kak (YHRUW! OTHOMEHUA MACC, NPEeACI&BJEHH B
Tadnuue I,

tadauna T .

Pacnpegencsne CyMMAPHHX KMHETUUECKNX DHEprud
233
CHMMETDHUHHX OCKONKOR NeneHMs [ .

Ex MoB OTH. ex. "T" OtH. en., Sm
129 105 120
133 195 170
137 270 255
I40 340 300
145 370 380
150 420 405
153 440 40
158 _ 395 415
162 425 355
166 260 270
170 170 200

I73 IT0 130
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Tadguya 2

CyumapHas KWHeTHUEeCKAd BUEPruA U NONYMMDPUHH KPUBHX CYMMADHOM
KMHETUUECKON JHEePrUM Kax OYHKUMY OTHOWMEHMA MACC

Mr/iln Ex, Has , MoB
1,0 151 32,5
1,1 168 29
1,2 172 28
1,3 174 28
L,k 172 24,5
1,5 167 24
I,6 163 23
1,7 159 20
1,8 I57 18
1,9 155 19
2,0 51 -

-

KWHETMUTCKUT DHEPTUY OCKONKOB IEATHMT P’
TEMNOBUIM HEATPOHAM .

I'.3.Fopyxosnu, [.A.lleTpos

B padoTe onpeneneHAa CyMMApHAA KUHETWUECKAR DHSDPIMA CHMMETPUUHHX OCKONKOB JAENeHMA, a
TAKXE M3YUEHO NOBeJEHue CyMMapHoi KMHETHveckOfl DHEPTUM MNapHHX OCKONKOB JNEAEHUA [T
Kak (GYHKUMA OTHOmEHMS MacC. VI3MepeHUAs NpOBOAMNAMCE C OMOBY IBYX MOBEPXHOCTHO- -6apLepHuX
CUEeTUMKOB MOMAXbO 8 CMZ, MUIEHH CONepRana T pxrp P , VMCTOUHWKOM HeilTLOHOB CAYXUA TOpU-
30RTaNbHLY kKanan peakrtopa BRP-Y STH uM, A.D.Modde AH CCCP, ’
Monyuen: crexywouue pPE3YNBTATH:
BEeNVUNHH Hamdonee BEPOATHLX 3HAUEHUN KMHETUUECKHX IHEpPruit:

Er =98,5
E, =171,0
JHAUEHMA CYMMADHOR XUMHETUUECKOU BHeprum mnd DPAalNUUHHX OTHOWEeHUN MACC OCKONKOB npenc:an-
nelln B Tadnuues

T Mo

X
+ 1 MoB
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Tadnuia

tiT/Mn . T
/ B TR

=
w
[~}

151
163
174
174
170
166
162
160
158
157

L Y . T R I

-
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W W N PO DN
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OFRENUHEHHUR MHCTUTYT ANEPHHX MUCCHEIOBAHHUI,
JIYBHA, 1966

HEMTPOHHME PE3OHAHCH M30TONOB SPBHUS.

3.1.KapraBuna, A, B.lomoB, D.C,fA3sunxnl

Ha meWiTpomEOM crnekrpomerpe JHE OUANl ¢ paspemermeM 0T 80 HCek/M Jo 6 HCek/M NpOBEJEHH
M3MepeHNA NMPONYCKAHUA N BHXOJKA I -nyuefi oT 3axpata ﬂeﬁrponon ans odpaauoa 13 ecTecTBen-
HOTO 3p6MAs X 00pasnos, 00OTANEHHEX M30TONaMH EL ’ E'r ’ Er ’ o , Er-'w .
OTH HM3MepeHHA NO3BOJMIM JipoBecTH H30TONMHYECKYD nreHTHdMKAND ¥ ONpEXEeNUTh NapaMerpH HelTpOH-
HHX peaouaﬂcon ,zum E'r- " Er B ofxactu xo 300 5B,Xnd El“— x0 1500 3B, & mna

EA% u EM B odmactm zo 4000 9B ( oM. Tadunu). DTO &N BO3MOZHOCTB MOAYUHTH LA
ZeHEHX W30TONOB 3HAYEHUA CPEXHEro DACCTOAHUA MEXXY ypopraMn D , cunosoht dymknum So m
panuaunonnou OUDUHH F

£ | D=23+4 038 So =(I,2 ~ *0, 2 ). 1074

r'fé ‘ D=5 47 sB So=(I,8 +0, 9) 10~4 /}= 87 + I3 108
o o 4,610,798 S,=(1,8 5 0,3).107" [}=92 & 3o
~ D I10: 1608 S,=(1,5 :(I)'g).xo-" [} =80 & 10 s
- D = 170+ 24 3B S,=(1,3 * +0, 8) 0~

AHanu3 COBOKYMHOCTH K3BECTHHX JAHHHX O CHAOBHX OYHKIMAX B O0nacTH I40<A<2OO
NOXTBEPEIAET CYNECTBOBAHME XOMONHUTENBHOrO Maxcuuyua B S npy A ~ 160, mpexcka3agrHOTO
HeMHPOBCKUM C COTDYXHMKAMH,

Tadnuua I
o 164
MapaMeTpH De30HAHCOB L/

}g/ﬁ’ E, ,o8 [ ,uaB I

I 2 3 4

1 7,80 + 0,05 0,6 + 0,1 0,21 + 0,04
2 30,5 1 0,I. 3,4 + 0,3 0,62 + 0,05
3 49,5 + 0,2 2,9 + 0,5 0,41 + 0,07
4 56,8 + 0,2 6,0 + 0,6 0,8I + 0,08
5 109,0 + 0,4 50 + I0 541

6 I3 40,5 100 +_%0 943

7 137 +0,5 20 + 5 1,7 £ 0,4
8 16I,5 + 0,7 60 + 20 4,7 + 1,6
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Iadmuua 3
67
[lapaxeTp HEHTPOHHHX DPE30HAHCOB Er
ko E.,o8 VESS 95’1. ) [7 yu2B Zg/"no
n/n

I 2 3 4 5 6

I 5,96 + 0,05 108 + 10 7,5 + 0,6 93 + II 6,1 + 0,5
2 7,90 + 0,05 0,07+ 0,01 0,050+0,007
3 9,33 + 0,08 83 & II 3,5 + 0,3 76 + 1I 2,3 £ 0,2
4 20,2 £ 0,1 100 + IO 2,3 £ 0,1 96 + I0 1,02 + 0,04
5 26,3 + 0,1 187 £ 6 41,8 + 1,6 %27 43 18,7 + 0,8
6 27,4 + 0,1 100 + 30 7,0 £ 0,5 85 + 30 2,7 + 0,2
7 32,9 +0,I 95 + 17 3,7 + 0,2 88 + 17 1,29 & 0,07
8 37,7 *+ 0,2 90 + 17 3,7 + 0,3 83 + I7 1,2 +OI
9 39,5 0,2 110 + 24 3,7 + 0,3 103 + 24 1,18 + 0,09
10 42,2 + 0,2 197 + 160 1,5 £ 0,2 0,46 + 0,06
II 50,3 1+ 0,2 110 + 30 4,2 + 0,3 100 + 30 1,18 + 0,08
12 53,6 + 0,2 160 + I2 25,6 + 1,6 II4 3 I3 44 6,3 £ 0,4
13 60,1 + 0,2 103 + 21 6,1 + 0,4 9I 4+ 2T 1,6 + 0,1
14 61,1 + 0,2 (0,I0) (0,02)
15 62,2 + 0,2 2,9 + 0,3 0,74 + 0,08
16 62,9 + 0,2 3,1 +0,3 0,78 + 0,08
17 69,6 + 0,3 I,4 +0,2 0,34 + 0,05
18 74,7 + 0,3 3,7 + 0,3 0,86 + 0,07
19 76,0 + 0,3 0,73 + 0,14 0,17 + 0,03
20 79,4 + 0,3 5,9 + 0,5 1,3 £0,1
21 85,4 + 0,3 1,5 + 0,2 0,32 + 0,04
22 91,6 + 0,4 2,0 + 0,2 0,42 + 0,04
23 97,9 + 0,4 (0,5) (0,1)
24 108,0 1+ O,4 107 + 50 28 + 3 50 + 50 5,4 + 0,6
25 I13,3 + 0,4 1,0 + 0,3 0,19 £ 0,06
26 115,8 + 0,5 1,9 + 0,4 0,35 + 0,06
27 132,0 + 0,5 250 + 50 80 £ I 90 + 50 14,0 + 1,7
28 42,9 1 0,5 941 1,5 +0,2
29 158,0 + 0,6 174 + 80 27 + 3 120 + 80 4,3 +0,5
30 159,7 + 0,7 2,7 + 0,8 0,43 £ 0,I3
31 162,7 + 0,7 1?2+ 1,6 1,9 & 0,2
32 165,86 =+ 0,7 (9,5) (1,5)
33 167,5 & 0,7 ( 18) (2,8)

34 169,0 + 0,8 ( 15) (2,3)

35 177,5 + 0,9 3,5 + 0,5 0,53 + 0,07
36 179,0 + 0,9 o+ 2 2,1 +0,3
37 185,2 + 0,9 7+1 1,0 + 0,I5
8 192, + 0,9 2+2 1,7 +0,3
39 196,7 + 0,9 M+ 5 4,8 "+ 0,7
40 204+ I 0,25 + 0,09 0,03 # 0,01
41 2I1 + I 120 + 20 18 +2 84 + 20 2,5 +0,3
42 218 1+ I 5,1 + 1,7 0,7 £0,2
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Ipogonkenue radauu

I 2 3 4 5 6
43 224 + I 2,6 + 0,9 0,35 + 0,12
4l 230 £+ 1 2L + 4 2,8 +0,5
45 230 + I . . 0,03
46 2% s+ I,5 16 + 3. 2,1 + 0,4
47 2B + 1,5 17 + 3 2,2 4+ 0,4
48 248 + 1,5 (8,2) (1,0) -
49 250 + 1,5 (6,5) (0,8)
50 259 + I,5 28 + 4 3,5 £0,5
51 264 + 1,5 I3+2 1,6 + 0,2
52 275 + 1,5 942 I,I +0,2
53 28I + I,5 40 + 4 4,8 + 0,5
54 284 + I,5 42 + 4 5,0 + 0,5
55 290 + 1,5 4+1 0,5 +0,I
56 3L + 2 I0+2 I,I +0,2
57 2L &2 I+ 2 1,6 1 0,4
Tadnuna 4
168
llapaMeTpPH PE3OHARCOB Er
kB ‘ ) , .
/n E,y o8 I yuoy [, o8 [ um8 I

I 7,31 + 0,05 0,01 & 0,002 0,004 + 0,0008
2 80,0 + 0,3 137 + 9 56 + 3 8I + I0 6,2 £ 0,3
3 1893 + 0,9 I54 + 55 - 78 £ 10 76 + 55 5,7 + 0,7
4 245 + 1 800 + IS0 550 + 60 250 + 160 35 &4
5 3I4 &2 155 + 30 9 +2
6 529 &+ 3 1000 + 200 900 + I00 100 & 250 9 &t
7 764 + 4 86 + 28 3 +1
8 831 +5 1100 + 330 B & 11
9 1009 + 6 600 + 200 19+ 6
10 1098 + 7 1150 + 350 M+ 10
II II35 +7 5

‘12 I355 +8 550 + 200 I5 +5
13 1455 + 9 1500 + 500 39 +13
T4 1820 + I2 .

15 1905 & I2

I6 1950 + I2

17 2210 + I3

18 2380 + I4

19 2690 + I6
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Tpogonxenne Tagauuu 4

I 2 3 4 5 6
- 20 3120 + I9
21 3320 3 20
22 75 + 22
23 4150 + 25
24 4360 + -
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This volume presents the abstraocts of work on the experimental -
or theoretical analysis of nuclear reactions induced by neutrons of
energies up to 20-30 MeV, and also of work on the fission of nuclei,
It covers investiga.tions carried out in cer.‘tai_r'a institutes in the
Soviet Union in the second half of 1966, |
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THE STATISTICAL APPROACH IN THE THEORY OF FISSION

A.V. Ignatyuk, V.S. Stavinsky and Yu. N. Shubin

A number of gtudies [f1_7'use a atatistical model of nuclear

" reactions for making calculations of fission products yield. Detailed

analysis has shown that these calculations cannot be accepted as satis-
factory, since the number of theoretical parameters that can be selected

is equal to the number of experimental results to be explained.

If we use the saddle-point method, we can obtain approximate
expressions for the mass yield, the meanfkinéfic energies and the variance:

of the kinetic energies of the fragments:

p(8-E)+2 V(@ Ex-a)

Y

Y44 = comot By

()

where a, and a, are the level density parameters of the fragments;

a=a, + a,;
e M

is the pairing energy;

—

is the mean kinetic energy of the fragments;
is the reaction'energy;

is the barrier heightj and

etda)ngID

is a parameter denoting the steepness of the barrier.

- These correlations provide a simplejlink between the theoretical parameters

and the values observed experimentally, and are at the same time sufficiently
precise. They agree to within a few per cent with the results of'computer

calculations of fragment yields.

The results of the calculations given in the figure show that the
agreement with the expérimental values is due to the selection of Q and B
for each fragment mass; but the calculations of dispersion do not agree

with experiment even with this selection. .
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<‘\;&On the basis of experlmental data now available for the weak.. :
dependence of the mean kinetic energy of the fragments on the excltatlon‘
energy of the fissionable nucleus; we can formulate a requirement for

the behaviouf of the cross-section of the inverse proéesso As the mean
kinetic energy of thg fragments is determined‘(l) by the position of the
maximum of the product of the cross-section for the inverse process'and

the level density of the fragments, the cross-section of the inverse process
nust depend on the excitation energy in such a manner as to compensate for
this dependence in the level density. This requirement is not fulfilled in
ény one of the cases in which we express the cross—section for the inverse
process in terms of the'penetrability of some barrier. To represent the
process of the amalgamation of two excited fragments as the passage of a
system ‘through some static barrier which remains invariable during the
pfocess of motion, is obviously an oversimplification° Accordingly, it is
of fundamental importance that allowance be made for the specific charac~
teristics of the transitional state in the cross-section for the inverse
process, and the statistical approach to fission must, besides considering

phase space, deal with the characteristics of the transitional process.
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Dispersion of the mean kinetic ehergies of the fragments:

00
JARA\
og
v v
X X

thermal neutrons, Experimental data taken

By = > Me¥, from VOROBYEVA, V.G. et al.,
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ENERGY AND MASS DISTRIBUTIONS OF FRAGMENTS IN THE
FISSION OF 235U AND 233U BY FAST NEUTRONS

P.P. Dyachenko, B.D. Kuzminov, V;Bo Mikhailov, V.F. Semenkov
V.I. Senchenko and A.N. Utyushkov

(Subnitted to Jadernaja fizika)

In this study measurements were made of the mass and kinetic-energy |
distributions of the fragmenfs in the fission of 233U by 430 keV, 630 keV
and 1.1 MeV neutrons, and of 22U by 100 keV, 260 keV, 700 keV and 1.3 MeV
neutrons. The method used consisted in the simultaneous measurements of -
the energies of paired fragments, by means of éurface-barrier silicon

detectors.

Fig. 1 shows the fragment yields for 2;3U (a) and 235y (b). The frag-
ment yields clearly show a fine structure for the entire range of neutron

energies used in the present work.

Pig. 2 fepresents the kinetic enefgies of the fragments for various
modes of fission in the bombardment of 25U (a) and 235y (v) nuclei by |
thermal neutrons and their variations OB, (MH) = Eé(MH) - Eﬁ (MH) in fission
by fast neutrons. It will be noted that the measured values of kinetic

energy are a function of the fragment masses.

The table gives values for the variations in the average total kinetic
energy ofbthe fragments in fission by thermal and fast neutrons
. = =T
(88 = B - B
The variations in the yields and kinetic energies of the fragments
. are attributed to the influence of the transitional states of the fissiongble

nuclei.
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Fig. 1

Fragmeht yields in the fission of 233y (a) by thermal neutrons
(solid line) and 430 keV neutrons ( 4 ), 630 keV (0), 1.1 MeV (+),
and of 235y (b) by thermal neutrons (solid line) and by 100 keV (c3J),
260 keV (&), 700 keV (0) and 1.3 MeV (+) neutrons.

Typical statistical errors in fission by fast neutrons are pointed

out. The error in the case of thermal neufrons is half as great.



Fig. 2

Kinetic'energies of fragments in the fission of 233U (a) and
2357 (b) by thermal neutrons (solid line) and variations in the

kinetic energies AE%:in fission by fast neutrons (right-hand scale):
233y -~ & - 430 keV, O - 630 keV, + - 1.1 MeV
232y - 1~ 100 keV, A - 260 keV, @ — 700 keV, + - 1.3 MeV

Typical statistical errors for EK in fission by thermal heutrons
and forAﬁkEK in fission by fast neutrons are pointed out (in fission
of 235U by 100 keV and 700 keV neutrons, the error in the case of
0L, is twice that of the typical errors indicated)..



Table

Target-nucleus

233, 235
AE . ‘
n .
MeV 0.43 + 0.06 0.63 + 0,06 1.1 + 0.1 0.1 + 0,08  0.26 + 0.06 0.7 + 0,06 1.3 + 0.1
g,
keV 300 + 80 250 + 80 215 + 80 60 + 160 -30 + 80 140 + 160 60 + 80
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A STMPLE QUASI-CLASSICAL CORRELATION FOR THE ANGULAR _
ANISOTROPY OF NUCLEAR FISSION BY NEUTRONS

V.G. Nesterov, G.N. Smirenkin and A.S. Tishin
(Submitted to Jadernaja fizika)
The authors analyse the discrepancy between quantum mechanics

caloulations of the angular anisotropy of nuclear fission by neutrons and

the well-known quasi-classical formula of Halpern and Strutinsky

8K° 8K
0

A= PPmax =5En | .‘ } ' (1)

o N

They give a simple, semi—empiriéal relation for the mean square of the

angular momentum of the nucleﬁs, based‘on the claésiéal dependence |

y/ = CVE
max n - . |
£( 4+ 1) =-§~(2°10\/'E‘n + 1)2 | (2

The use of relation (2) leads to the following expression for A:

L (Bag + 1)° _ (2.10VEg + 1)2 | - (3)
8 X2 | 8 K2 |
which eliminates the above-mentioned discrepancy.
From the figure we can see how the calculations of Ki according to
formula (3), on the basis of experimental data on the angular anisotropy
of the fission of 239Pu by neutrons; agree with fhe results of the quantum

calculations of Griffin and how the latter are at variance with the calcula-

tions of Ki according to formula (1).
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Figo 1

The values of Ki in the fission of 239Pu by neutrons, as obtained
in the quantum-mechanics calculations of Griffin, indicated by A ;

according to formula (1), by #, and according to formula (3), by O.
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INTEGRAL AND DIFFERENTIAL CROSS-SECTIONS FOR THE
PISSION OF 232Th BY NEUTRONS

S.B. Ermagambetov, V.F. Kuznetsov, L.D., Smirenkina
and G.N. Smirenkin

(Paper for Paris Conference on
Nuclear Data, 1966%,

Jadernaja fizika 5, 257 (1966)
Letter ZhETF 5§, No. 1 (1967))

The authors measurea the relative trend of the cross-section of 232Th
for fission by fast neutrons ranging from 0.6 to 3.0 MeV. The experiment
was carried out with a multi-layer fission chambef containing a charge
of about 6 g of thorium oxide. The results of the measurements are given.
on Fig. 1. In the shape of the integral cross-section Gr froﬁ 0.6 to |
1.2 MeV, previously uninvestigated, they found irregularities whose
- position can be correlated with levels of the 232Th nucleus which are
excited as a result of inelastic scatterlng° B ; characterizing the

curv
curvature of the barrier for fission of the 3lrh nucleus, was estimated

at 0,06 = 0.01 MeV.

Measurements of the differential fission cross-sections, i.e. of
the angular distributions of fragments, were carried out by the round
glass method in the 1.0 to 2.5 MeV neutron energy range. The results of
measurements for the angular enisotropy of the fission of w29g° are shown
in Fig. 1 in the form of a solid curve. IFig. 2 gives the distribution _
W(y) for En =1.60 © 0.02 MeV. It differs substantially from the measure~
ment results of Henkel and Brolly, which by now have become the classical
demonstration of channel effects. This changed the identificatien of the
primary fission channel responsible for the form W(Y), CKK = 3/2- to 3/2+
(or 5/2%). A more detailed analysis of the lowest fission channels taking

part in the fission of 32Th by neutrons led 1o the follow1ng sequence

KX 1/2 , 3/27, 3/2 etco

© o0

¥ Nuclear Data for Reaetors, Vol. 2, IAEA, Vienna (1967). 146,
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Cross-section Of and angular anisotropy
of the fission of 232'h by neutrons
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Angular distribution of fission fragmenis for E = 1.6 MeV
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CHANNELLING BFFECTS IN THE ENERGY DEPENDENCE OF vV FOR 235U AND 232Ph

' .

L.I. Prokhorova, G.N. Smirenkin and D.L. Shpak

(Paper for the Conference on
Nuclear Data, Paris 1966%.)

The paper gives the results of measurements of the relationship
between the mean number of secondary neutrons v and the energy of the

neutrons En inducing the fission of 235U and 232Tho

Measurement -of ¥ was performed by the method consisting of selecting
pulse coincidences from 1OBf3 ébunters in a paraffin block, inside which
was located a multi=layer fission chamber., The method has been described

in detail in numerous .studies.

The neutron source was the T(p,n) reaction, obtained with a

Van de Graaffaccelerator.

The measurements of V for 232Ph were performed in the neutron

235

energy range from 1.6 to 3.2 MeV, and those of v for U in the range
from 0.4 to 3.2 MeV; the energy step was ~ 0.2 MeV and the energy
resolution ~ 0,06 MeV. The accuracy of the V-values was about 1% for

235y and about 2% for 232y,

The measured values for V were compared with those calculated from

the mean kinetic energy of the fission fragments in the same energy range.

In general, the measured dependence of v on the energy of the neutrons
En inducing 350 fission takes the form of a somewhat stepped curve. In
particular, in the energy region from 1 to 2 MeV the slope dv/dE repre-
sents 0,06 MeV 1, whereas at higher neutron energies dY/dE ~ 0,15 MeV

One of the possible explanations of the stepped dependence of v on
the energy of neutrons inducing fission of the even-even compound nucleu

236U could be the existence of an energy gap in the 236

U fission channel
spectrum. The stepped form of the energy dependence of Vv is in good
qualitative agreement with the conclusions of',VoM° Strutinsky and

V.A. Pavlinchuk regarding the effect oflnuoleon pairing on the internal

excitation spectrum of fissionable nuoclei.

* Nuclear Data for Reactors, Vol. 2, IAEA, Vienna (1967) 67.
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: "'>‘;“'"The dotted lines on Fig. 1 correspond to the conclusions of thls :

theory concerning the existence of two excitation energy régions where
-d—lgx differs by a factor of 1.5,

n
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Comparison of the results of the present study § with the
measurements of v for 235U by other authors
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Comparison of the results of measurements of J for 2S2Th
in the present study £ with the results of other authors
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THE ANGULAR DISTRIBUTIONS OF PHOTOFISSION FRAGMENTS
CLOSE TO THE THRESHOLD

N.S. Rabotnov, G.N. Smirenkin, A.S. Soldatov
and L.N. Usachev
(Institute for Physics and Energetics)
S.P. Kapitsa and Yu.M. Tsipenyuk
(8.I. Vavilov Institute for Physical Problems,
‘ USSR Academy of Sciences)

The authors give the results of recent measurements of the angular
distributions of fragmenis w (v),in the photofission of a number of nuclei
(232Th, 238U, 240Pu, 242Pu, 239Pu) by bremsstrahlung photons having a
maximum energy of between 5 and 8 MeV. The experiment was run on the
microtron of the Institute for Physical Problems of the USSR Academy of
Sciences; in accordance with the method of recording fragﬁents by glass -
- deteoctors. The angular distributions are represented in the form
w(v) =a+h ain° v + ¢ sin® 2v, with the normalization a + b= 1. An
analysis was made of the resulis obtained together with the data of Katz
et al. on the fission cross—-section Op along the lines of A. Bohr's model

for transitional states of the fissionable nucleus.

The connection between the energy relationships b/a (E*) and o (E),
where E is the energy of the y quanta, and E* is the mean excitation energy
for the fission cross-section and the bremsstrahlung'spectrum, depends on
" the manner in which a specified preferred value of the projection of the
total angular momentum of the compound nucleus on the a#is of the nucleus K
evolves in the fission process. There are two possible variants: (a) K is
fixed during a period considerably shorter than the lifetime of a compound
nucleus but longer than the time of passage‘of the saddle point, and (b) at
excitation energies close to the fission threshold K is conserved in compound
nucleus states; i.e. it has a definite value during the entire lifetime o.

these states.

It is shown that for the case of (a), the point E,. 4 in which the -
anigotropy of fission begins'to decrease from its maximum value to zero,
must lie at a value A E = Ep- T, higher than T, (Ef is the true fission

thréshold, and T, is the energy value at which the fission width becomes:

f
equal to the radiation width), while for assumption (b) the equality

E,pi = Tp must be fulfilled. The experimental data (Fig.1) agree with
the assumption (b): E,pi4 © Tp in all cases, whereas in assumption (a)
4E % 600 -~ 500 keV. ' o |
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Analysis of the photofission of 239Pu provides further confirmation of
the hypothesis concerning the existence of an approximate law for the

conservation of K at moderate excitation .energies.

!
( L |
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Figo 1
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THE INFLUENCE OF SHELL EFFECTS ON THE ENERGY
OF THE NUCLEUS AT THE SCISSION POINT

A. V., Ignatyuk

In this paper a study is made of the mass distribution, charge,
kinetic energy and deformation of fragments. The study is based on
- calculations of the energy of a fissionable nucleus at the moment of the
breaking up of the neck. The configuration of the nucleus is described
in terms of a model of divided spheroids, whose energy was calculated
with due allowance for influence of shell structure on'their'deformability°
It is shown thaf the energy minimum cdrresponds to asymmetric fission in
the.case of heavy fissionable nuclei, %o symmeiric fission in that of
light nuclei and tq a thfee—humped mags-yield curve in that of nuclei in
the intermediate region. The results obtained also give a fairly good
description of the distribution of the mean kinetic energies and charge

of fragments of a given mass over the entire region of fissionable nuclei.
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Fig. 1

The energy of the scission point as a function
of fragment mass ratio (£ in units of surface-
tension energy of the fissionable nucleus)
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KINETIC ENERGIES AND FRAGMENT YIELDS IN THE FISSION
oF 233y ana 238y BY MONOENERGETIC NEUTRONS

V.I. Senchenko, A.I. Sergachev, V.B. Mikhailov,
V.G. Vorobyeva, M.Z. Tarasko and B.D. Kuzminov

(Submitted to Jadernaja fizika)

The authors study fragment distributions in terms of mass and kinetic
energies for the case of the fission of 233U by thermal neutrons and 0.43 MeV

and 2.6 MeV neutrons, and of 238U by 2.5 and 7 MeV neutrons. The experi-
mental method consisted in making simultaneous measurementis of the energies

of complementary fragments by means of silicon semiconductor detectors.

Fig.l shows the fragment distributions in terms of mass for the
fission of 233U by thermal neutrons and 0.43 MeV and 2.6 MeV neutrons (a),

and of 238y vy 2 1eV, 5 MeV and 7 MeV neutrons (b).

Fig.2 shows thL. variations in fragment yields where Yo is represented
by the fragmeni yields for fission by thermal neutrons - Y = Y (En)-Yo,
in the case of 233U, and by the yields for fission by 2 ileV neutrons in
that of 238U.
fission of 233U and 238U are not the same and the effect of ..fferent

It is pointed out that the variations in y. lds in the

factors on these variations is considered.

The mean kinetic energies of the fission fragments for the excitation
 energies investigated show very little variation. The variations in the
kinetic energy of symmetrical fragments with increasing excitatidn.energy

do not exceed the limits of statistical measuring errors.
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Fig. 1

‘Fragment distribution in terms of mass, in the fission of:
(a) 233U vy thermal (e), 0.43 MeV (o) and
2.6 MeV .(+) neutrons;

(v) 238y by 2 MeV (o), 5 MeV (o), and 7 MeV (+)
neutrons. :

P : K7 {

J H
7’ '.‘ . 1

Fig. 2

Variations in fragment yield of AY in the fission of.
2337 by 2.6 MeV neutrons gsg, of 230Th by 25.7 MeV
a particles (X) and of 239U by 5 MeV neutrons (0).
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CORRELATIONS OF THE RESONANCE PARAMETERS
OF FISSIONABLE NUCLEI

E.V. Gai and N.S. Rabotnov

The authors discuss some of the cauges of the correlation found to
obtain between various random magnitudes characteristic of neutron
resonances and show that if the correlation factor is known, the difference
between the mean resonance parameters for iwo spin subsystems can be °
estimated. For example, it is generally assumed that the mean values
2 + 1 (7 is the spin of the

2(21 + 15
regonance level, I is the spin of the target nucleus) do not depend on J.

of the magnitude (2gITno)i where g =

The calculation performed g1ves.

(2gTn )1 Rg1+ba2 R(1 +6a)) .
Zngn; d (1l=a l==a ’

where
ielfl o & o _fz- 2gIn, .
— 1 @ e ] = = T hand -9
Deo 82 T £° 28'1"110

R is averaged over all resonances regardless of spin, i.e. R is calculated
directly from the experihental data on the magnitude. However, the
difference of (2g Pno) can be assessed with certainty only in the case of
a negative correlation coefficient r; since a positive value of r could be
a conéequence of level transmission. The latter effect was utilized in
determining the shares of the transmitted resonances. Within the limits
of statistical accuracy for the experimental data, we can use the "mean"

curve, shown in Fig.l by the dotted line for maklng estimates.
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Fig.l

The ratio of the observed level density < o> to the
~ true density g, as a function of the correlation
factor r between the reduced neutron and the fission
widths, v is the number of degrees of freedom,
X2 ig the Qistribution of neutron widihs, v o is the
distribution of fission widths.
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ANGULAR ANISOTROPY AND THE EFFECTS OF NUCLEON PAIR
CORRELATION IN NUCLEAR FISSION

- GoNo Smirenkin, V.G. Nesterov and A.S. Tishin

(Submitted to Jadernaja fizika)

The authors give the results of an analysis of the energy dependence of
the mean square of the projection of the angular momentum EQ = Kg of a
fissionable nucleus on the axis of fragment separation, with use méde of
data on the angular anisotiropy of the divergence of fragments from the

233

fission of 239Pu by neutrons, and of U by a~particles. From an analysis

240

of the relationship Kz(E) it was possible, in the case of the Pu nucleus
in a deformed transitional state, to defermine the critical energy of thé

"~ phase transition ECr = 9.5 + 3 MeV and the éize of the energy gap in the
spectrum of the internal excitations ZAO = 1.5 + 0.3 eV, The values
obtained are substantially lower than those found in recent data. It is
shown that the scale of the deviations of Ki from the Fermi-~gas dependence
which are due to the effects of nucleon pair correlation; is considerably

smaller than was assumed previously.
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RELATIVE MEASUREMENTS OF THE AVERAGE NUMBER OF NEUTRONS EMITTED
IN THE FISSION OF 233U AND 235U BY 0.08-1 MeV NEUTRONS

V.F. Kuznetsov and G.N. Smirenkin

The authors studied the energy dependence of the ratio of the average
number of secondary neutrons V for fission-inducing neutron energies to
v for rieutron energies of 0.4 MeV, The method of measurement is discussed
in the paper of Yu.A. Blyumklna et al., Nucl. Phys. 52 (1964) 648. The

detector of secondary neutrons used was an 1onlzat10n chamber with layers
232
Tho

Measurements were carried out for 35U in the neutron energy range
from 0,08 to 1 MeV at intervals of ~0.1 MeV; for 35Uy the maximum neutron
energy was 0.8 MeV. The uncertainty with respect to tnc energy of the

‘~pr1mary neutrons did not exceed + 60 keV in any of the experiments.

A method is given for applylng corrections to the experimental results,
In the discussion of the corrections the following effects were taken into
account: (1) the dependence of the proportionality coefficient between the
total number of fissions in the disc of the fissionable material and the
number of fissions in the thin layers at the boundaries of the disc, on the
energy of the primary neutirons formed as a result of the interaction of the
primary neutrons with the nuclei of the disc and on the spatial remoteness
from the neutron source or the points of the disc lying in a plane perpendi-
cular to the beam of incident neutrons; (2) the dependence of secondary
neutron recording efficiency on variations in the excitation energy of the
fissionable nucleus; (3) the effect of the triple correlation primary
neutron — fission fragment — secondary neutron on secondary neutron recording
efficiency; (4) the effect of vafiations in figsion density with respect to
disc radius and thickness on secondary neuiron recording efficiency;
(5) the contribution of multiplication effects to the total number of pulses

recorded by the secondary neutron detector,

The corrections for the chosen dimensions of the system were not great

(not more than 0.3%).



- 925 <

~ The results of the experiment, with allowance for corrections, are
shown in Fig. 1 (%°°U) and Fig. 2 (?3%U). 1In Fig. 1 the results previously
obtained by Yu.A. Blyumkina et al. are indicated by triangles and those of
the present‘Study'by smail_circles° Attention is drawn to the structure in
the shape of the-curye 5 0.4 VeV - which is of opposite character for the

tﬁo_isotopes;
REFERENCE

KUZNETSOV, V.F. and SMIRENKIN, G.N., Bulletin of the Information
Centre on Nuclear Data, INDC-152 (English translation), IAEA,

Vienna (1967) 51,
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THE ENERGY DEPENDENCE OF v AND THE ENERGY BALANCE IN THE
FISSION OF 233U AND 235y BY NEUTRONS

VoFo Kuznetsov and GoNo. Smirenkin

This study deals with the possibility of giving an absolute value to
the results of relative measurements of the average number of secondary

2 2
33U and 3.5U by neutrons of energy < 1 MeV,

neutrons arising in the fissionlof
with use made of data on the mean kinetic energy of the fission fragments
Eko"The energy balanee is'enalysed'for the case of excitation of a fissionable
nucleus by thermal and fast neutrons, with reference to data on relatlve
measurements of V(E ) and 0B (E ) = Ek(E ) - Ek, where E, (E ) and Bk are,
respectively, the mean kinetic energies of the fragments in fission by neutrons
of energy En and by thermal neu@ronso On the assumption of the invariability
of the curve for mass yield and‘charges Y(M,Z) in the O to 1 MeV neutron
energy range, the energy balance equation is written in the form:
Y(Dn) : V + q[ﬁ - AEk(E ljﬁ where a is the mean energzy of the separation of 4
the neutron from the fragmentso It is generally considered that a = 0.14 eV .
This equation can be related to the value R = J(En)/V(ﬁn), as detefmined in
relative measurements (Kuznetsov, VoF., Smirenkin, G.N., Atomnaja energija 5
(1967):

By substituting'forvfhe same E values the data on R(En,ﬁn) and
AE#(E ), we obtain a system of equations with the unknown coefficients

and ==~ S which can be solved by the method of least squares. By
'—(ﬁ ) (E )’

determlnlng these coefficients we get the p0531b111ty, with respect to Vt for -
233U and 35

the reference energy En - which is required for converting the relative values

U, of calculating V(En) ~ the mean number of fission neutrons at

V(En)/v(ﬁn) into absolute values. From the values of U(En) thus determined
and from the data on~AEk(E ) we can verify the assumption concerning the
1nvar1ab111ty of Y(M,Z). In this oase the energy balance equai.on takes the
form: AMc = -ZTE - 0B (B )T + ,Awhere Alc® is the variation in the
Y(M,Z) curve expressed in energy unlts, Analysis showed that in the case of
235U9 AM02 has a mean value of ® —0.3 MeV in the range from 0.08 to 1 MeV;

in the case of233U, AM02 S 0 up to 0.5 MeV, while for E = 0.6 and 0.7 MeV,

AM02 diverges markedly from this value. Calculation of these divergences
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L= ‘ 2
resulted in Z(En) values of 2.494 for 35Up which is in excellent agree-
ment with U(En) = 2,491 + 0.007 as determined by direct comparison
with v, in the study of Yu.A. Blyumkina et al., Nucl. Phys. 52 (1964) 648,

233

For U the value of ;(En) was 2.462, Possible errors in the determina—
tion of V(ﬁn) were analysed in accordance with the above-mentioned method

for assigning absolute values.

The absolute values of V(En) were compared with data in other studies.
The measurement results were evaluated from the point of view of the
influence of channel effects on ;(En) a.ndAf:k(En)° The table gives the
values of\T(En) obtained in the study of V.F. Kuznetsov and G.N. Smirenkin,
Atomnaja energija 5 (1967), and in the present study. Included in the data
is also the average number of delayed neutrons: 0.016 for 235U and 0,007

for 233Un The value of v in the conversion of the relative measurement

) v T A
data was assumed to be free of error, which would have to be taken into

account where necessary.
REFERENCE

KUZNBISOV, V.F. and SMIRENKIN, G.N., Bulletin of the Information
Centre on Nuclear Data, INDC-152 (English translation) IAEA, Vienna

(1967) 51.
Table
- 2
The values of v(E,) for 33U and 235U obtained by giving absolute

values to the results of relative measurements (V.F. Kuznetsov,
G.N. Smirenkin, Atomnaja energija 5 (1967))

E, MeV v(E,) =33 S( ) 3y
0.08 o 2,489 + 0,030 2.456 + 0,022,
. 2.439 + 0.024
0420 2,467 + 0,031 2,523 + 0.025
0,30 2,442 + 0,027 2.511 + 0.023,
0,31 2,483 + 0,022
0. 40 2.462 + 0,025 2,491 + 0.017
0.50 2,472 * 0.027 2.486 + 0,022,
0.55 - 2.441 + 0.022
0,60 2,491 + 0,028 2,478 + 0,021,
0.67 - 2,471 + 0.022
0.70 " 2,516 + 0.029 2.476 + 0,022,
0.78 - 2,471 + 0,025,
0.99 - 2,503 + 0.029

The results for V(E€), obtained with a scintillation detector of
secondary neutrons (see Tu.A. Blyumkina et al., Nucl. Phys. 52
(1964) 648) are indicated by asterisk. - ' ‘
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PARTICLE' SPECTRA IN INELASTIC SCATTERING

V.S. Stavinsky

The shape and characteristics of the spectrum for the inelastic
scattering of neutrons is calculated for the case when the energy distribu-

tion of the particles is far from the equilibrium distribution.

The states of the residual nucleus are classified according tq the
nunber. of excited particle-hole pairs. It is shown that the level density
corresponding to a configuration with a given number of excited pairs is
expressed by the nth term of the expansion of the function Sh (BE), where
B is the density of single-particle states near the Fermi surface and § is
the excitation energy. Expressions were obtained for the dependence of
the meah'number of excited pairs and the dispersion'of this magﬁitude as a
function of excitation energy. Deviations from the mean are fairly iarge,

‘amounting, for example, to 40% in the case of B = 5 and £ = S

It is obvious that with a sufficiently large number of excited particles.
‘the shape of the spectrum will be determined mainly by the function Sh (BE),
which will be ~Q&E for large arguments, ise. it will reseable an equilibrium
spectrum with a constant "temperature".T = %o For nuclei of intermediate
weight (A ® 100), T = 0.1, which is considerably less than the temperature

observed.

The calculations performed show that an alalysis limited to the shape
- of the specirum of inelastically scattefe@ neutrons is insufficient for

estimating the contribution of the direct processes to the (n,n’) reaction.
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THE SPECTRA OF NEUTRONS INELASTICALLY SCATTERED BY THE
NUCLEI 232Th, 235y anp 238y '

0.4, Salnikov, N.I. Fetisov, .G.N. Lovchikova,
G.V. Kotelnikova, V.B. Anufrienko and B.V. Devkin

-In this study measurements were made of spectra of secondary neutrons

formed by the interaction of 14.1-MeV neutrons with fissionable elements,
232my,, 235y ang 238

time—of-flight spectrometer in an annular geometry.. The scattering angle

and in particular, o The measurements were made on a

was 92O, the path length 2 m. The resolving power of the spectrometer was .
4 ns/mo

The secondary neutron spectra were measured in the 0.17-14 MeV energy
range. A considerable coniribution was made to them by fission neutrons.
. With the boil-off specira obtained after the subtraction of the fission
neutrons, it was possible to determine the nuclear temperatures T and the
' huclear level density parameters_Ap for the elements under study. The

results are shown in the table,

The nuclear level density parameter for U calculated on the basis of
temperatures is in good agreement with the data given by A.V. Malyshev
(ZnETF 45 (1963) 316), where this parameter was determined by analysis of

neutron resonances. The data for 232Th are of a preliminary nature.

Table

232

Nucleus - Th 235U ' 238U

T, MeV 0,82 + 005 0,86 + 0.06 0.71 + 0.03

Ap MoVt 19.5 I 18.6 : 26.5
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RADIATIVE CAPTURE OF NEUTRONS BY THE FUSION OF
HEAVY ELEMENTS

V.S. Shorin, S.P. Kapchigashev
and V.E., Kolesov

 (Submitted to Jadernaja fizika)

According to the preseﬁt view, the formation of heavy elements is
associated with processes of radiative capture of neutrons with energies
of 10 to 100 keV in stars: by the slow S-process in the red giant stage,
and by the fast T process in the bursts of supernova'staréo The model
. of the S process predicts the exisience of a correlation between the
cross~sections for neutron capture th and the abundance of heavy elements
NS. To verify this prediction, the authors obtained the NscnY values for
22 "screened™ nuclei, i.e. those formed only in the S process. For nine
of the nuclei they made use of experimental data on cross-sections for
radiative capture, obtained spectromefricallj for the slowing-down time
of neutrons in lead and with the aid of a Moxon-Rae detector. For the
remaining nuclei the neutron capture cross-sections were calculaied
according to the statistical theory of nuclear reactions, in conjunction
with an optical model for calculation of neutron pénetrability° The méaﬁ
distances between levels Do were calculated on the basis of the level
density parameter "a" with allowance for the. grouping of degenerated single-

‘particle levels.

The parameters used in calculating the radiative capture cross-section
are given in Table 1. Table 2 gives the neutron capture cross-sections
OnY, the abundances'NS and the f = NSOnY values for the screened nuclei.
The values for N are based on data on the chemical composition of
meteorites. The results obtalned confirmed the smooth behav1our of the
function f(A), and were between two and three times lower than was assumed
earllgro The values of NscnY were taken for a neutron energy of 25 keV
(3.10 OK)o As shown in Fig. 1; the temperature chosen leads to a good
agreement between the values of N UnY'for the neighbouring nuclei 18608

18705, whose capture cross~-sections differ considerably in behaviour
because of the competltlon with radiative ocapture from inelastic scatter-

ing on the excited 3/2 level of the :8708 nucleus with energy 9. 8 keV,
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O the basis of the smooth behaviour of the.function f£(A), the authors
separated the contributions of the S and f processes to the abundance |
of nuclei formed in a mixed chain of captures. The data obtained for
the I' process are éatisfactorily described by the theoretical curve of
Clayton and Fowler (Annals of Physics 16 (1961) 51); however, the

relative contribution of the I' process was more important.

Table 1

Statistical parameters used in calculating
the capture cross-sections

Target : -1
n
nucleus Iy (MeV) a(MeV™ ") U(MeV). D, (eV) D /2nTy
E - f— - - .7 s e e - ST s e e e
g L 170 14,2 - 5,31 1050 985
Pd/mh . X
” 150 16,7 5,82 498 . 527
e 130 17,5 - 5,67 - 122 150
i Xcuo 100 15,4 , 5,79 392 624
. 100 14,5 5,48 - 93 1480
3 N, 80 Ih,7 - 4,87 2030 ' 3200
95 21,5 5,54 29,7 49,8
If” 95 oI, 1 . 5,87 21,5 %
78l 75 19,1 6,00 32,6 49,3
136 . ; - ) . i .
i Usm :60 .o IBy7 7 5,66 N N s <300
i Os ., 60 18,7 . 6,17 56 149
PL 80 18,8 5,40 - 161 320

H?”’ 150 »14,0 6,01 1110 1180
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Table 2

Abundances (N ), experimental and calculated cross-sections
for the raliative capture of neutrons '(on ) at 25 keV
and the product (NsonY) in the case of schened nuclei

Isotopi o Us g °ny
. . oplc
Nuclei com i:itgon % (atom/10 (25 kev) N o,
P v o at.5i) mb Y
i i : ,f j ' ‘ : 1’ i.
W S A I S 1 B 87417 | 152
Sr'% ' S 7,008 | 1,07 126 £ 25 f ' 135
Mo | | 16,5% | | U416 , 100 £ 20 41,6
| 2,626 I ¢ | 192 i 2,6
P - 10,97% | 139 313 R
Cd”é ; 12,32 ; 9,86.107% 727 ; 7,2
Sno I8 L I8 S 16123 | 21,6
Te } L wTes | | 2,410 . 160 32 ! 4,7
Xe, | bo1,0198 ! | 3,007,102 36 | 0 .
)/(\;aé’"‘ ! L4088 6,53,107° 160 ; 10,5
- 27,11% - LI8 68 12,3
[17] i : H
Smt 11,248 | 2,58,1072 29335 || 7,6
Sm,., ' 7,445 I,7.107° 420 + 80 | 7,2
Gd“o- ( L 2,23% : 7,36,10‘: ' 1120 | 8,2
D ’ L 2,204% 7,1 .107 1310 | 9,3
g::f l 3,T4% | 5,65,1073 45 . | 5,3
" L5208 I 9,51.107° 800 » 160 | 7,6
St L 1,598 | 1,12.1072 400 C 4,5
Os' (1,648 _ 9,6 1072 460 ;! W4
P [ o |~ . 6,24,1073 392 P 25
Hg™ 10,028 | | 6,25.107° 176 LI,
P - : 1,7% | (3,7-698)107° 24 +25 | (4,6-87)107"

Note: (a) for the experimental oross-section values errors of Yoot

- are indicated; _

(v) The abundances for '87Sr, 176Hf and 12708 are corrected by
making allowance for contributions from the radigactive decay
of the isotopes 8Trp (‘17B = 4.6 x 1010 years), 1ToLu
(TB = 2.1 x 1010 years)*and 18TRe (TB = 403 x 1010 years).
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as a function of neutron energy
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RADIOISOTOPE YIELDS IN CYCLOTRON NUCLEAR REACTIONS

. P.P. Dmitriev, I.0. Konstantinov
and N.N., Krasnov

In the development of methods for producing radioisotopes in the
gyclotron of the Institute for Physics and Energetics (Obninsk), measure-
ments were made of the yields of 33 isotopes, formed in reactions with
protons; deuterons and a-particles. The Table below lists the production
methods used and the isotope yields for Ep = 22 MeV, Ed = 21 MeV and °
Ea = 42 MeV. The error in determining the yields was tlS% for all the
isotopes except 26A1 and 23M09 for which it was :50%, owing to difficulties
connected with the separation and measurement of very small activities.

All the yield values indicated are for a natural mixture of stable isotopes

of the original target elements.
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Table
Isotope : 14 : Method of Type of Yield
, p?oducgd Half-life .production - reaction pCi/uA/h
7. ' ;{L + pA t (pn) - i ‘ 185
2 Mp+p | |- (pa) (pan) 1 05
N 2.62 days pf,l“d e, den); 35
. i -6
Al + o (pp 1), (p 2n) 5107
' + (dn), (d2n) [ 2,3.107
2641 7038 x 10° years - | "% | ’ ‘, )
'/‘17 | (x2n), (43n) § 6,4.107C
a (tprd, (ap2) 1 59106
Mg+p (pr) . |
!
4'/'l’I'i 47.3 years Sc+p (p2n) '; 0,18 |
T+p. | (pn), (p2n) - | | 570 “
T +d (dn), (dzn), | |
48 : : (d3n) ’ 290
v 1.6 days Toed | (L2n), (A30)
' ! (stpn), (4p2n) é : 12,3
o Do
49 T+p | (prd, (p2n) Lo R
v 330 days Tovel (dn) | (d2n), v
(dsn) . 8,3
‘1 | V+p (pn) ; " 520
. Ve d (dan) f 470
51Cr» - 27.8 days : { CL+p (p2n), (ppn) 160
} (v+d (dn), (dsn)
S @p), (oY) 19
; o+ :i i (pr (p2nd, (p3n) “ﬁ 465
C Coed 1 (dem), (den) 460
52Mn 5.7 days ‘ Vo i l (30) !i 78
| 5 Cr+o ’ (pn) o 12
| Mned i (olt) ‘ 2,7
L' Mo " (pp 1) 2l
54 ! Guep (pn) 0,45
2%in 313 days D Ged | (dn), @om) 1,9
| ;ﬁ | (d2p), (det), (dutr) - 2,8
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Isotope 14 Method of Type of Yield
produced Half-life production reaction uCi/ph/h
A 313 d L Ve L7
: ays Gk en), Wpzn) 5,8
 Mhep o a) | 9
55 Cteed ol wn
'Fe 2.7 years AT (and, and; () . 0,72
L Mitp 1l (pa) ! 0,3
. o ' i ,
L Feepol - (pnl - (o2n) i T
56 S Red [ (den), en) w2
.Co T7-.3 days Mn+st (,,un,) . o . 2,9
: L CFerd 1 (a2n), (dpnd ! 2,4
' ."/V'L+p (p‘zn),(ppn)_,_(pzn)i
' e ! »
2Teo 267 days | Ferd (dr), (dzn) ] 12
' oMot ‘ (lan), ot ) i - 2,7
CFetd 1 colan), (43n), o)
VT (wpan) ; 2,1
5890 T1.3 days . Cafp (pp n) 115
et (tpr), («p2n) 28,5
p C lukp (pn) 15
5Zn 245 days " Cud (dzn) 18
Cu+a - 2n), (xpn) 8,5
: .vZn+p (pn), (p2n) , 500
© L Zn+d _dn), (dan), (dsn) 3%
67 LD Zned ), (dan), (up)
‘Ga 78 hours ) («p2n) 280
Quvo (t2n) 160
Ge 280 days CZnra 0 (en), wan) 2,1
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Isotope s Method of Type of Yield
produced . Half-life - production reaction : pCi/uA/h
CGesr | e, (p2n) T
[ . 76 days . ’ | o 33
: CGerd 1 1 (dn), (dan), (dan) . 26
74 L Gesp | (enS 70 |
A 1890 d. ' i ;
s s D Ge+d | (dn) (d2n) 215 ¢
i Q . !
72 . : ; : '
Se 8.6 days : Gert 5 (2n) 19,5 °
8551‘ 64 days | E Rb+p E (pr) ! %0 "
| l Rbrd | (dzn) 60 i
j ; j !
87 L Srep ;| (pn), (p2n) 1750 |
Y 80 hours ‘z Sved % (dn), (dan) % |
l RE+ot :' { (<2n) 365 ‘
! } !
88, ' Seep i | (pmd f 70
105 days : ! i
| : Se+d ‘ (dn), (dzn) ; 60
Zvd - | (do), (dun) L 1,6
93Mo 2600 years Né+ D"]} : (pr) li'q"I'IO-a
Newd (dan) e .10
103 _ | Rhep ; (pn) 245
Pd 17 days " Rhed ll (obzn) 340
s l
109 116 a | /4g+p ‘v ‘ (pn) 5,1
cd 41 s f 4? +d E (dzn) 6,46
! |
ﬂgu i (2n) Gpn) 2,2
113g 118 d | L
n s Wty | (), (s2n) 2,0
13966 140 days | s e . 10
D Lard o lden) -
: ! ' i
151 Pofwepy | (pa) 3
d 120 d : o " i
G 120 days  tued | (dzn) 168
W 130 days Tovd | (dzn) [T
!
|
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Isotope Y " Method of Type o-f Yield
produced , Half-life production reaction ]J.Ci/p.A/h
195 P w, ) L
72hu 192 days CPeeq 1@, (don), dan) L se
o Prrot H3n) | (apan) 1,9
2055, ) 15.3 days - Phep _; “(pan), (p3n) 90
. Pbed - (dn) - (dlan) ) 53
206, 6.24 days Ptep - (on), (p2n), (pan) o
Phed - Wan) (dsn) s
2 . Pbip pn), (p2n) 0,20
155 28 years - Peed }(dn), (dan). :

. o

{ i P
' |
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Institute of Theoretical and Experimental Physics

TOTAL NEUTRON CROSS-SECTION FOR 23°Tn
IN THE (0.02-50) eV ENERGY REGION

S.M. Kalebin, R.N. Ivanov, P.N. Palei, Z.K. Karalova,
GoM. Kukavadze; V.I. Pyzhova; N.P. Shibaeva,
and G.V. Rukolaine

(Paper for the Conference on
Nuclear Data, Paris 1966%.)

.In connection with a study of total neufron cross~sections by chemical

23

means; 105 mg of the isotope OTh were separated and purified.  The purity
of the prepared sample was established by mass-spectroscopy analysis. The
measurements of the neutron cross-sections were made with a mechanical
chopper suspendéd in a magnetic field. The_reaults are given in Figs. 1

and 2.

50 4/}%}lm¥ﬁyﬂﬁﬁhﬂﬁd“

oL 0.214 0535 d0238 £156)
8000 16000 2ko00 [(mcerv;
- Fig. 1
" 230, . i o
Total neutron cross-section of Th in the thermal energy region

A I )

* Nuclear Data for Reactors, Vol. 1, IAEA, Vienna (1967) 71.
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Fig. 2

Total neutron cross-sections for 230Th in the
(0.02—50) eV energy region. Sample thickness
n = 1.72 x 1021 at/cm2, '

In the energy region studied, nine levels were detected (see Table).

No. E eV Iy (wv) T'n (V) g4
1 1.107 + 0.006 (28 + 2)i/70.0018 + 0.0002° 0,017 + 0.002 p- resonance
2 1.431 £ 0.007 27.8+ 2  0.190 # 0.005 1.59 # 0.05
3 2.39 £0.008 (28 & 2) 0.0095 + 0.001  0.061 # 0.007 p- resonance
4 7.80 +0.05 26,4+ 4  1.55 + 0.05 5.5 + 0.1
5 17.40 +£0.08  23.1+ 4 5.1  # 0.2 12.2  + 0.1
6. 24.0 +0.12 26,8+ 8  4.60 + 0.12 9.4 + 0.2
7 3.9 + 0.2 21.0+ 8  1.40 + 0.05 2.50 + 0.1
8 . 39.2 + 0.3 27.0 + 10 3.2 + 002 5.1 + 0.3
9 47.5 +£0.35 260+ 11 2.2 + 0.1 3.2 4 0.2

&

The values of PY given in brackets were adopted without calculation.

The mean distance between the levels &° = (7.67 + 0.3) eV, the strength

function So = (0.74 + 0.05) x 10“4. The total neutron cross-section at thermal

230

energy for Th is 70 + 3 b. There was good agreement between the level

energies of 230Th and the position of the neutron levels in hafnium.
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A STUDY OF THE ASYMMETRY OF THE RADIATION AND NUCLEAR
MAGNETIC RESONANCE OF BETA-ACTIVE NUCLEL FORMED IN THE .
CAPTURE OF POLARIZED THERMAL NEUTRONS

" AoDe Gulko, S.5. Trosiin and A. Khudokilin

In this study the authors ‘describe the installation used and the
results obtained in a study of the asymetry of the radiation and nuclear
magnetic resonance of polarized beta~active nuclei. The polarized nuclei
are formed in the irradiation of a non-polarized targét by\polarized
thermal neutrons. The installation can be used for experiments at
various target temperatures, down to helium temperatures. There is a
detailed discussion of the physical basis of the phenomena under study
and of the relation between the experimentally observed line form of the
nuclear magnetic resonance and the natural one; as determined by local

fields,

1. For a number of isotopes they determine the probability NIO + 1/2 of
thermal neutron capture by the target nucleus with formation of an excited
state of spin J, + 1/2 (J, being the spin of the target nucleus). The
polarization P of beta~active nuclei in the ground state was measured.

The results are shown in the Table.

Table
. 20, TO8, - 110, 86,
Jo + 1/2 2" 1t 1" 1 2"
W+ 1/2, % 100 > 42 > 24 100/ > 28
P, % 40 20 10 10 3
109

j/ The cross~-section for the Ag + n reaction in the thermal region
is determined entirely by the 5.2 eV resonance with spin 17,

2. Values were obtained for the magnetic moments of the ground states of

the nuclei 8Li and 2OF=
(MLi) = 1.6530 + 0.0008 nucl. mag.

: (MZOF) = 2.0925 + 0.0009 nucl. mag.



3 An increase was found in the asymmetry of the beta-irradiation of the
nucleus 20F and variations in the shape of the nuclear magnetic resonance
curve in the single-crystal CaF2 on lowering the temperature of the sample

to the temperature of helium.

4. It is shown that the systems of the polarized beta~active nuclei 108Ag

and lloAg in crystalline samples of Ag Cl consist of two sub-systems: one
with a large relaxation time and the other with a small one. The relaxation

mechanism of these_nuclei is discussed.
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Ingtitute of Physics, Academy of Sciences of the Ukrainian SSR

THE POSSIBILITY OF THE (n,p) REACTION OCCURRING WITH THERMAL
* NEUTRONS IN THE CASE OF NEUTRON-DEFICIENT NUCLEI

A.F. Dadakina and L.A. Golovach

(Presented at the XVIL Annual
Conference for Nuclear Spectro-
scopy and Structure of the
Nucleus, Kharkov, 1967)

In this study the authors present the Q values which they calculated
for the (n,p) reaction and also the potential barrier penetration factor.
for protons originating with (n,p) reactions. The penetration calcula~
tion is made in a quasi-classical approxlmatlon for transitions to the
ground state of the final nucleus, with allowance for a centrifugal barrier
and a nuclear potentlal'

-(53.8 - 0.33 E)

V(r) = T

r - 1,25 A3
0.65

1 + exp

The Q values for (n,p) reactions in the case of neutron-deficient nuclei
exceed the Q values for stable nuclei. The barrier penetrability for these
nuclei is considerably higher than for stable nuclei, and'therefore one can
expect for neutron-~deficient nuclei a higher probability of escape of -

protons from the compound nucleus updn capture by thermal neutrons.

In the Figure the natural logarithms of the penetration factors are
plotted as a function of the mass number of the target nucleus for odd-odd

target nuclei,

~ REFERENCE

DADAKINA, A.F., Bulletin of the Information Centre on Nuclear
Data, INDC~152 (English translation) IAEA, Vienna (1967) 226.
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THE LEVELS OF COMPOUND NUCLEI FORMED UPON THE CAPTURE OF
SLOW NEUTRONS BY THE ISOTOPES 1870s, 18805 anp 18905

V.P. Vertebny, M.F. Vlasov, A.F. Dadakina, R.A. Zatserkovsky,
A.L. Kirilyuk, M.V. Pasechnik and N.A. Trofimova

(Presented at the XVII Annual
Conference for Nuclear Spectro-
scopy and Structure of the
Nucleus, Kharkov, 1967)

Using a mechanical chopper and working in the 0.004-300 eV energy
range with resolutions of 0.2 ps/m and 6 ps/m, the authors measured the
transmission of samples enriched in the isotopes 18705, 18808 and ;8905,

and also of a sampie of natural osmium. The following level assignments

were made:

187, | 188, 189,
(E, in eV) (B, in eV) - (By in eV)
9445 + 0,1 39.2 + 1.4 6.7, + 0.1
127 + 0.3 83 +4 8.95 + 0.15
2003 + 0.5 (?) | 1044 + 0.2
24.0 + 0.7 ~ 18.8 1 0.5
25,5 + 0.8 (?) 22+ 0.6
39.2 + 1.4 ‘ : 28 +1
44 + 2 '
50 + 2
65 +3
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THE CROSS—-SECTION FOR THE RADIATIVE CAPTURE OF PAST
NEUTRONS BY THE ISOTOPES S0Ti AND Slv

G.G. Zaikin, I.A. Korzh, N.T. Sklyar and I.A. ‘I‘o"bs}qy

(Submitted to Atomnaja Energija)

The activation method was used-to measure the energy dependence of.
the cross—section for the radiative capture of fast neutrons by the 1sot0pes
5OT:L and o1 V in the 180 keV-~2600 keV energy range. The activities of
samples.irradiated by fluxes of fast and thermal neutrons were compared.
The reference cross—sections were those for the fission of 235U by fast
neutrons, for the activation of the isotopes 5OTi and 51V by thermal

neutrons and for the fission of 235U by thermal neutrons.

Tables 1 and 2 give thé measurement results. Table 3 shows the 235U

fission cross-sections used.



Table 1

5O‘I‘i
En keV 180 + 13 285 i 65 510 + 60 1220 + 85 . 1425 + 85 1625 + 85 1830 + 90 2030 + 90
oa pb 0.89 + 0.09 0.63 + 0,07 0.70 + 0,07 0.65 + 0.05 0.78 + 0.07 0.48 + 0,06 0.51 + 0.06 0,37 + 0.04
Table 2
Sly
E]n keV 187 + 67 293 + 57 409 + 53 520 + 50 806 + 86 1016 + 84 1220 + 85 1425 + 85
o, ub 7.11'1 0.45 4.92 + 0.31 3.18 + 0.20 \2oll_i‘0013 1°65Ai-0°12 1.56 + 0,10 1.39 + 0008‘ 1.35 + 0.09
E% keV 1626 + 86 1830 + 90 2030 + 90 2220 + 90 2610 + 110 -
o, pb 1.33 + 0,09 1.07 + 0.09 0.98 + 0.06 1,05 + 0,06 1.10 + 0,07
| Table 3
En keV 180 290 410 510 .. 810 1020° 1220 1420 1620, ©. 1830 2030 2220 'A‘2610
o% b 1.45 1.32 1,26 1,22 1.17 }n26 1.27 1.27 1.27 ‘1.27 1.30 1,30 1.30

- -
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ELASTIC SCATTERING OF 1.5 MeV NEUTRONS ON
NUCLEI OF INTERMEDIATE ATOMIC WEIGHT

I.A. Korzh, N.M. Pravdivy, V.A. Mishchenko,
I.E. Sanzhur and I.A. Totsky

(submitted to Ukrainsky Fizichesky .
Zhurnal (Ukrainian Journal of Physics))

Measurements were carried out on the electirostatic accelerator of the
Institute of Physics of the Academy of Soiences of the Ukrainian SSR to
determine the differential cross-sections of elastically scattered neutrons
with an initial energy of 1.5 MeV 4+ 0.05 MeV on nuclei of titanium, chromium,
iron, cobalt, nickel and‘COpper, Differential cross—section measurements
~vwere made for eight scattering angles in thekrange 30 to 1400. The measure-
ménts of the angular distributions of the elastically scattered neutrons were
used to determine the total cross-sections for elastic scattering, the
transport cross-sections and the average values for the cosine of the angle
of elagtic scattering. The elastic sbattering cross—-gection in the laboratory

system of co—ordinates takes the form:

do
e

4
1 = A, P, (cos 9)

2
da ieo

The numerical values of the calculated nuclear physical constants and
coefficients Ai’ obtained by a least squares fit of the differential cross-

gsections and corrected by repeated scattering are given in the Table.

The measured angularvdistributions of the elésticélly scattered neutrons
are analysed on the basis of a six~parameter optical model of the nucleus.
The theoretical curves were fitted to the experimental curves by the )LQ
method. Variation in the model parameters with variation in the atomic

weight of the nucleus isg discussed.



Table 1

Numerical results of measurements of scattering of neutrons by nuclei

. Co

Nucleus b;:ﬁ. _;Z:;_ ;:::6 | cos 9 Ao Al A2 A3 A4
Ti 3.20 2,765 + 0.134 1.958 + 0.170  0.292 + 0.028 0,220 0,193 0.293 0.114 0.064
Cr 3.10 2.803 + 0.149 1.870 + 0.205 0.333 + 0.039 0.223 0.223 0.337 0.131 0.061
Fe 2,80 1.885 + 0.089 1.303 + 0.117 0.309 + 0.029 0.150 0.139 0.216 0.106 0.014
3.30 20438-1 0.166 1.738 + 0.214 0.287 + 0.040 0.194 0.167 0.208 0.135 0.042
Ni 3.10 2,765 + 0.105 1,919 + 0.140 0,306 + 0.023 0.220 0.202 0.272 0.158 0.048
Cu 3,10 1.973 + 0.082 1.488 + Q.IOO | 0.246 + 0.020 0.157 0.116 0.194 0.119  0.100

...617...
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" DETERMINATION OF THE SCATTERING CROSS—SECTIONS OF SOME
RARE-EARTH ELEMENTS FOR THERMAL AND EPITHERMAL NEUTRONS

V.P. Vertebny, N.L. Gnidak, V.V. Koloty and E.A. Pavlenko

(Submitted to the Ukrainsky
Fizichesky Zhurnal)

The total scattering cross—section for dysprosium, holmium and lutecium
nuclei were measured in a 4 n-geometry for neutrons in the energy range:
0.02 to 1 eV by means of a fast chopper in the VVR-M (BBP-I{) reactor of the
Institute of Physics of the Ukraniah Academy of Sciences. The samples used
 were the oxides Dy,0, Ho,0,, Lu,0,, where n-"t < 0.13. The time reso-
lution in the experiment was approximately 12 and 3 us/m. The measurements

were made with reference to vanadium L-l,a;7o

Fig. 1 shows the energy dependency of the total scattering cross-
section of lutecium and holmium, illustrating the effect of magnetic
scattering. The effective magnetic moment“Meff for the Ho' Tt ion is
10,65 Mo and for Lu'*" is 0.

Ho,0, and Lu,0, have almost identical lattice parameters. Systematic

23 273

errors in determining the magnetic scattering of Ho+++ can be of the order
of 15-20%. '

Table 1 gives numerical values for the scattering cross-sections of

lutecium and holmium.

Table 2 gives the same information for dysprosium corrected for

magnetic scattering.

The values given were obtained on the following formula:
x .
o, = 1/2 o oxide - 3/2 o oxygen

REFERENCES
1. Atlas of Neutron Cross-Sections, BNL-325.

2. I.V. Gordeev, D.A. Kardashev and A.V. Malyshev. Jaderno-Fizi8eskie
Konstanty (Nuclear Physics Constants), Gosatomizdat (1963).
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 Table 1

Total scattering cross—-sections 0;]; in barns for lutecium and holmium
(with and without subtraction of magnetic scattering)

Bnersy Lutecium Holmium
(GV) ' ' 5-5 (barn) . 0: (barn)

1.00 6.10 + 0.10 9.6 + 0.2

0.80 . 6.30 # 0,10 9.5 + 0.2

0.40 6.30 + 0.10 10.5 + 0.2

0.30 | 6.10 + 0.10 ' 11.5

0.20 - 6.10 + 0.12 12.6

0,10 ' 5.50 + 0,15 | ~18.0

0.08 5.90 + 0415 - 20.0

0.06 | 6.00 + 0,20 23.0

0.05 6.00 + 0.20 25.3

0.04 5.60 + 0.20 26.0

0.03 6,00 + 0.25 | 32.0

0.02 5.00 + 0.40 A 36.8

0.01 ' 6,10 + 0.40 46.0 "
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Table 2

Total sca‘ttéring cross-sections for natural dysprosium
(with and without subtraction of magnetic scattering)

N o Cam) AR
1.01 5005 + 2.0 : | 50.5 + 2.0
0.75 58.4 + 2.0 | 58.4 + 2.0
0.57 64.4 + 2.0 | | 64.4 + 2.0
0.45 68.1 + 2.0 66.5 + 2.0
037 69.6 + 2.0 | 67.7 + 2.0
0.30 T2.6 + 2.0 ' 70.4 + 2.0
0.25  Th4ed + 2.0 71.8 + 2.0
0.20 78.0 + 2.0 | 4.9 + 2.0
0.15 79.0 + 2.0 75.3 + 2.0
0.10 ' 81.5 + 2.0 , 75.2 + 2.0
0.05 90.6 + 2.0 T7.5 + 2.5
0.04 ‘ 94.3 + 3.0 78.7 + 3.0
0.03 98.7 + 3.0 79.2 + 3.0
0.025 ’ 100.7 + 3.0 . 77-5 + 3.0

Iy = total magnetic scattering cross-section.
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LEVELS OF DYSPROSIUM-156

V.P. Vertebny, N.A. Gnidak, A.I. Kalchenko,
V.V. Koloty, E.A. Pavlenko, N.V. Pasechnik,
ZhoI, Pisanko and V.G. Rudyshin’

Trahsmiséione of the rare isotopes 156Dy, 158Dy and 160Dy (natural'
abundance: 0.05, 0,09 and 2.3%, respectively) were measured in the reactor
~ of the Institute of Physics of the Ukrainian Academy of Sciences, for
neutrons in the 0.0l to 1000 eV energy range. The maximun resolution was
0,05 us/mo The strongest levels of dysprosium—l56 have the following

energies (in eV):

3221 + 0.01; 8.09 + 0.04; 9018 & 0.04; 15.2 % 0.09; 19.65 + 0.14;
2406 + 022; 2904 + 0.25; 69.1 + 0.9; 91.6 + 1.5; 125 + 2.
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AT, JToffe Institute of Physics and Technology,
USSR Academy of Sciences

KINETIC ENERGIES OF PARTICLES RESULTING FROM 239Pu FISSION
BY THERMAL AND RESONANCE NEUTRONS

GeZ. Borukhovich, D.M. Kaminker and G.A. Petrov

The authors measured the kinetic energies of paired fission fragments

of 239Pu using two surface-barrier counters of diameter 32 mm.

Neutrons passed through a samarium filter to isolate the 0.297 eV
resonance were used as resonance neutrons. About a 30% decrease in the
fission fragment yield was obtained in the symmetrical region for fission

by the resonance neutrons (as compared with fission by thermal neutrons).

Table 1 (where T = fission by thermal neutrons, S, = fission by
filtered neutrons) shows the distribution of total kinetic energies of

symmetrical 239Pu fisgion fragments; the yield is given in relative units.

The dependence of the total kinetic energy on the fragment mass ratio
and also the half-width of the fotal kinetic energy curves, as a function of

the mass ratio;, are shown in Table 2.

Table 1
Distribution of total kinetic energies of symmeirical 239Pu fission
: fragments
E, (MeV) T (rel. units) | S (rel. units)
129 | 105 120
133 195 170
137 270 255
140 30 - 300
145 | 370 | 380
150 i 420 405
153 , 440 ' ' 440
158 395 | 415
162 425 355
166 . 260 270
170 170 200

17y 110 130
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Table 2

Total kinetic energy and half-width of the total kinetic energy
curves as a function of mass ratio

M eavy /Mligh't | E. (HeV) AE (eV)
1.0 151 - 32.5
1.1 168 - 29
1.2 - 172 A 28
1.3 | 174 . 28
1.4 | o172 24.5 -
1.5 167 - 24
1.6 ' 163 23
1.7 : 159 - 20
1.8 157 18
1.9 155 - 19

2.0 151 -
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KINETIC ENERGIES OF PARTICLES RESULTING FROM 241Pu FISSION
BY THERMAL NEUTRONS

~ GoZ. Borukhovich and G.A. Petrov

The authors determined the total kinetic energy of the symmetrical

fission fragments and studied the behaviour of the total kinetic energy of

241

the paired Pu fission fragments as a function of mass ratio. The

' - 2
neasurements were made by means of itwo surface-~barrier counters of 8 cm
241Pu: the horizontal channel of the

WWR-M reactor. of the A.F. Ioffe Institute of Physics and Technology of the

area: the target contained one pug of

USSR Academy of Sciences was used as the neufron sOuUrce.
The following results were obtained.
The most probable kinetic energy values are:
Elight = 98,5 + 1 MeV

Eh = 71.0 + 1 MeV
eavy o~

The figures for the total kinetic energy for various fragment mass

ratios are given in the table.

Table

Mheavy/mlight | B, (HeV)

1.0 | - 151

+ 2
1.1 : 163 + 2
1.2 ~ - 174 + 2
1.3 ‘ | 174 % 2
1.4 . | 170 + 2
1.5 - 166 + 2
1.6 - | ' 162 + 2
1.7 ' 160 + 2
1.8 158 + 3
1.9 157 + 3
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Joint Institute for Nuclear Research (J.I.N.R.), Dubna, l966

NEUTRON RESONANCE OF ERBIUM ISOTOPES

E.N. Karzhavina, A.B. Popov and Yu.S. Iazvitsky

Using the LNF neutron spectrometer of the J.I.N.R. (with a resolution
of from 80 ns/m to 6 ns/m), the authors meaéured Y transmission and yield
from neutron capture for samples of natﬁrai erbium and samples enriched in
the isotopes 164Er l66Er, l67Er 168Er and 170Ero On the basis of these
" measurements the isotopes could be identified and the neutron resonance
parameters determined for l64Er 167Er in an energy range up to 300 eV,
for 106Er up to 1500 eV, and for 168 and 170Er up to 4000 eV'(see‘table).
This made it possible to obtain for the given isotopes the mean distaﬁce

values between levels ﬁ%‘ the strength function So and the radiation width

y
164Er__ D= 23+4ev s =(1's.2*°9)

106, D= 52476V s, = (1.8 +8"9) x 1074 I = 87 + 13 HeV
| ~0.4 y= 1z

1675,  D=4.640.7 eV S = (1.8£0.3) x 207 T =921 3 Mev

1085, 92110416 v 5, = (1.5 _f(l)"g) x 1074 = 80 £ 10 eV

1705, D= 170 + 24 oV S, = (1.3 f8°§> x 10"4'

Analysis of all the known data for strength functions in the energy range

140 < A < 200 confirms the existence of an additional maximum in S at
A ~ 160, as predicted by Nemirovsky et al.
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Table 1
Resonance parameters of 164Er
(o]
No. E, ‘(eV) Ty (MeV) r
1 ' 2 3 4
R 7,80 + 0,05 0,6 + 0,1 0,21 + 0,04
P2 30,5 + 0,I, .~ 3,4 £ 0,3 0,62 + 0,05
b3 49,5 + 0, ' 2,9+0,5 0,41 + 0,07
Lo 56,8 + 0,2 . 6,0 + 0,6 0,81 + 0,08
5 109,0 + O,4 50 + 10 541
6 131 + 0,5 100 +_30 9+3
i 7 137 - + 0,5 - 20 + 5 1,7 + 0,4
! 8 I6I,5 + 0,7 60 + 20 4,7 + 1,6
9 . 195,5 £ 0,9 80 3 2% 5,7 £ 1,8
10 226 g1 85 ¢ 15 5,6 2 1,0
iI 02 g2 170 3 70 9,8 & 4,0
12 M p2 240 3 80 13,5 ¢ 4,5
13 422 £ 2,5 290 £ 70 I2¢3
4 606 ¢ 3,5 %00 ¢ I00 I2 3 4
Table 2
166
Neutron resonance parameterg of Er
(o]
No. E, (ev) I (MeV) r, (MeV) I‘Y (MeV) r
1 2 3 4 - 5 6
1 15,6 # 0,1 108 3 II 1,90, - I06 41X 0,48 3 0,02
2 73,9 3 0,3 185511 8538, 70 2 12 9,9 3 0,6
3 82,0 4 0,3 80 5 20 I0gf Y - g2 @ I,I 50,1
b 184,9 3 0,6 ' 721 - 0,56 £ 0,08
5 I71,8 3 0,8 750 ¢ 130 470 3 70 - 280 ¢ 160 % 4 5
6 802 +2 300 ¢ 100 230 2 40 70 3 110 1332
-7 37 2 270 ¢ 40 S 1532
8 Bh g2 55 4+ 10 - 2,9 30,5
_ 9 B £ 2,5 20 » 80 . 1644
10 - SI1 43 66 3 22 2,9 40,9
II 531 13 46 3 II 2,0 £ 0,5
Ie 588 23 800 ¢ I50- M6
13 64 2 3,5 - 180 3 80 , 7343
I4 I 24 _ 120 3 40 ‘ 4,9 21,6
I5 TS 4 ) ‘ 52 ¢ IS i 1,9 £0,3
16 800 14 70 4 16 . ’ 2,5 20,6
by 852 8 1000 3 I30 - Bas
18 9II & 5,5 - } 670 3 140 S 2245
13- 1030 1 6 I70 ¢ 30 o o 5,3 3 1,8
20 1060 3 6 ' 200 3 60 S 622
21 1176 3+ 7 250 370 . ' 742
22 1190 47 , 300 2 80 . 942
23 1260 £ 8 . 20 g 100 923
24 310 39 ‘ . 1000 g 200 B 726
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Table 3
. . 167
Neutron resonance parameters of Er
No. B, (eV) I'(MeV) sl (MeV) PY (Mev) 2gl"n°
1 2 3 4 , 5 6
I 5,96 + 0,05 108 &+ 10 7,5 £ 0,6 92 + II 6,1 + 0,5
2 7,9 + 0,05 0,07+ 0,01 0,050+0,007
3 9,33 + 0,08 83 & II 3,5 + 0,3 76 + II 2,3 +£0,2
y 20,2 + 0,1 100 + IO 2,3+ 0,1 96 + 10 1,02 + 0,04
5 26,3 '+ 0,1 187 + 6 41,8 + 1,6 R 7 ¥=3 18,7 = 0,8
6 27,4+ 0,1 100 + 30 7,0 £ 0,5 85 + 20 2,7 + 0,2
7 2,9 +0,I 95 + I7 3,7 £ 0,2 88 + 17 1,29 + 0,07
8 37,7 *+ 0,2 90 + I7 3,7 £ 0,3 83 &+ 17 1,2 +0,I
"9 39,5 + 0,2 II0 + 24 3,7 £ 0,3 103 + 24 1,18 + 0,09
" 10 42,2+ 0,2 197 + 160 1,5 + 0,2 ' 0,46 + 0,06
I1 50,3 + 0,2 II0 + 0. 4,2 + 0,3 100 + %0 1,18 + 0,08
I2 53,6 + 0,2 160 & I2 25,6 + 1,6 14 & I3 4= 6,3 10
13 60,1 + 0,2 103 + 21 6,1 + 0,4 9I + 2I 1,6 =+ 0,1
14 6I,I + 0,2 : ( 0,10 ) ( 0,02 )
15 62,2 + 0,2 2,9 £ 0,3 0,74 + 0,08
16 62,9 + 0,2 3,1 +0,3 0,78 + 0,08
17 69,6 + 0,3 I,h + 0,2 0,34 + 0,05
18 74,7 + 0,3 3,7 + 0,3 0,86 + 0,07
19 76,0 + 0,3 0,73 + 0,14 0,17 + 0,03
20 79,4 + 0,3 5,9 + 0,5 1,3 +0,I
21 85,4 + 0,3 1,5 + 0,2 0,32 + 0,04
22 91,6 + 0,4 2,0 + 0,2 0,42 + 0,04
23 97,9 + O,b4 (0,5) (0,1)
24 108,0 + 0,4 107 + 50 28 + 3 50 + 50 5,4 + 0,6
25 113,3 + 0,4 1,0 £ 0,3 " 0,19 & 0,06
26 115,8 + 0,5 1,9 + 0,4 0,35 + 0,06
27 I132,0 + 0,5 250 £ 50 80 # I 90 + 50 14,0 + 1,7
28 142,9 + 0,5 941 1,5 + 0,2
29 158,0 + 0,6 174 + 80 27 + 3 120 + 80 4,3+ 0,5
2 159,7 + 0,7 2,7 + 0,8 0,43 + 0,13
31 162,7 + 0,7 12+ 1,6 1,9 + 0,2
3? 165,8 + 0,7 (955) (1,5)
33 167,5 + 0,7 ( 18) (78)
34 169,0 + 0,8 ¢ 15) (2,3)
35 177,5 + 0,9 3,5 £ 0,5 0,93 + 0,07
3% 179,0 + 0,9 W+ 2,1 +£0,3
37 185,2 £ 0,9 741 [,0 + 0,15
3 192,1 + 0,9 1242 1,7 +0,3
39 196,7 + 0,9 WS 4,8+ 0,7
40 204+ 1 0,25 & 0,09 A 0,03 & 0,01
41 21T + I 120 + 20 18 +2 8h + 20 2,5 £0,3
42 2I8 + I 5,1 + 1,7 0,7 +0,2



1 2 3 4 5 6
43 224 £ 1 2,6 10,9 0,35 + 0,12
il 230 2 1 2L £ 4 2,8 10,5
45 231 + I . 0.03
46 236 3 1,5 16 + 3 2:1 + 0ok
47 238 £ 1,3 1743 2,2 5 0.4
48 248 + I,5 (8,2) (’I 0) g
49 250 & I,5 (6,5 ) (0.8 )
50 259 + 1,5 28+ 4 3.5 . 0.5
- (264 £ L5 132 1.6 5002
52 275 4 1,5 942 I s 002
53 28I & I,5 50 % 4 58 o
- 9 + 095 ’
54 284 3 1,5 4234 5,0 & 0,5
- 9 8
55 290 + I;5 4 4+ I 05"<
3 9 + 0,1
56 311 & 2 10 + 2 1,1 :O:Z
57 321. 2 I4 ¢ 2 1,6 1 04
Table 4
Resonance 168
parameters of Er
_ No. E, (eV) P»(MeV) I, (MeV) I‘Y (1eV) r°
1 2 3 4 5 ‘ 6
I 7,31 + 0,05 0,01 & 0,002 0,004 & 0,0008
2 80,0 + 0,3 137 + 9 56 & 3 8I & 10 6,2 1+ 0,3
3 189,3 + 0,9 154 4 55 78 £ 10 76 $ 55 5,7 20,7
b 245 1 800 & IS0 . 550 + 60 250  + 160 3% £ b4
5 3l &2 ' 155 £ B0 9 42
6 529 % 3 1000 2 200 900 + I00 100 & 250 P st
7 764 + b 86 + 28 3+l
8 831 5 1100 & 330 B 411
9 1009 £ 6 600 & 200 19¢6
I0 T 1098 £ 7 1150 + 350 M £ I0
II 1135 &7 5
‘12 1355 18 550 + 200 . 15 &5
I3 1455 » 9 1500 & 500 39 I3
I 1820 2 I2 o
I5 1905 & I2
16 1950 & I2
17 2210 & I3
18 230 + I4
19 2690 + I6

- 61 -




- 62 -

3 4 5 6
20 3120 + 19 !
21 3320 7 20 |
22 715 & 22 i
2 4150 & 25 1
24 4360 & M -
Table 5
R 170
esonance parameters of Er
No. E_(ev) P (MeV) . T (MeV) ro
o) n n
[ 7,40 + 0,05 0,007 + 0,001 0,0026 + 0,0004
2 95,3 + 0,4 - 1000 + 200 800 i+ 100 82 + 10
3 85 + 1,5 800 + 300 800 + 200 W7 oa 12
i 498 + 3 600 .+ 150 27 + 7
5 750+ 4 I20 + 50 b4 4 1,8
5 93 +5 1600 + 300 52 + 10
7" 1098 x 6 700+ 200 1 +6 (
& 1224+ 7 ' ? _ }
g 130 +8 400 3 500 7o+ 13 |
10 15% + 10 ‘ 2
11 2010 + 12 ‘ 3 720+ 200 .16 x4
IR L2108 £+ 13 - 920 "+ %0 PO + 7 |
3 2250 + 13 e 7400 + 500 29 + 10
T4 210+ T4 _ : 680 2% - . o+ i
15 PBYO + 17 T 3000 + 1000 56 £ 18
16 05, + 20 ’ '
17 BWO + 23
18 4200 + 25
19 4720 &+ W
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Table 6

Target Target B P(z) Pp(N) U 5 -1
nucleus spin  (MeV) (Mev) (Mev) (Mev) - Q obs. o aKMeV)

0 6,60 0,62 0 5.98  (8,741,5).10° 5,46 20,8:0,4
0 6,46 0,62 0 5,84 (3,8430,44).10% 5,37 19,610,
7/2 7,76 0,62 0,61 . 6,53 - (4,4 & 0,6).10° 5,48 18,9:0,4
0 5,97 0,62 0 5,35  (1,81s0,26).10% 5,75 19,650,4
0 5,70 0,62 0 5,08 (1,2060,16).70% 5,23  19,6:0,4

!

Here, E = excitation energy
P(8) = proton pairing energy
P(N) = neutron pairing energy
U=E- P(8) - P(N) = effective excitation energy
Q obs., = density of nuclear states with given excitation energy. .

U, o; a are level density parameters.



