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6aKano8 T. HAP· P3 - 12404 

3KcnepHMeHTanbHWe HCCneA08aHHR 3¢$eKT08 pe30HaHCHOrO 
caM03KpaHHpo8aHHR 8 nonHOM ce4eHHH H ce4eHHH AeneHHR 
nnyTOHHR-239 

B pa6oTe npH80ARTCR K03¢$H~HeHTW peaoHaHCHOH 6noKHP08KH AnA nonHoro 
ce4eHHR H ce4eHHR AeneHHR nnyTOHHR-239 9 AHanaaoHe 3HeprHH EP21.5 +4.65x 
~~o-3 K3B, 8nep8we nony4eHHWe HenocpeACT8eHHO nyTeM H3MepeHHR 
~YHK~HH nponycKaHHR HeHTpOH08. HaMepeHHR npo80AHnHcb Ha cneKTpoMeTpe 
no 8peMeHH nponeTa peaKTopa H6P-30 MeTOAOM nponycKaHHR HeHTPOHHOro 
ny4Ka 4epe3 nnOCKHe MeTannH4eCKHe o6pa3~W nnyTOHHR-239 C TOn~HHaMH 
OT 0,86 AO 49 r/cM 2 H perHCTpa~HH 8peMeHHWX HeHTpoHHWX cneKTP08 
C nOMO~bC 6aTapeH nponop~HOHanbHWX 3He-c4eT4HK08 H 6WCTPOAeHCT8yc
~eH HOHH3a~HOHHOH KaMepW AeneHHR C 22 CnORMH nnyTOHHR-239 Ofi~HM 8eCOM 
0,5 r. 06pa60TKa peaynbTaT08 H3MepeHHH ~YHK~HH nponycKaHHR np080AH
nacb KaK MeTOAOM HaHMeHbWHX K8aApaT08 /MHK/, TaK H MeTOAOM MaKCHManb
HOrO npa8AOnOA06HR C npH8ne4eHHeM anpHOPHOH HH~pMa~HH /6aHe C08CKHH 
nOAXOA/. nocneAHHH npH80AHT K 6onbWeH yCTOH4H80CTH peaynbTaT08 H 
cy~ecT8eHHo MeHbWeMy 8peMeHH C4eTa Ha 3BM no cpa8HeHHC c MHK. 

Pa6oTa 8WnOnHeHa 8 fla6opaTOPHH HeHTPOHHOH ~H3HKH OH~H. 

Coo6weHHe 06beaHH~HHoro HHCTHTyTa RaepHbiX HccneaoaaHHA. Dy6Ha 1979 

Bakalov T. et al . P3 - 12404 
Experimental Study of Resonance Self-Shielding Effects 
for Total and Fission Cross-Sections of Plutonium-239 

By experimental measurement of the neutron transmission function 
through metal 1 ic samples of plutonium-239 with the thickness from 
0 . 86 to 49 g/cm 2 and time-of-flight spectrometers at the pulsed fast 
reactor IBR-30 the resonance self-shielding effects for total neutron 
cross-section and fission cross-section of plutonium-239 in the energ 
range from 21.5 to 4.65x10-3 keV have bee'n obtained. Time-of-f] ight 
neutron spectra have been determined with the help of batteries of 
proportional ~e-counters and fast-working ionization fission cham
ber with 22 layers of plutonium-239 and total mass 0.5 g. The treat
ment of transmission measured functions has been carried out with 
the help of the least-square method (LSM) and the statistical method 
using a priori information (8ayesion approach). The second method 
leads to the better stability of the results and to essentially 
smaller computer time on the IBM as compared with the LSM. 

The investigation has been performed at the Laboratory of 
Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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Ba)I(Hoe JHa'leuue npu pac'leTax peaKTopoe ua 6hlcTphlx ueihpo

HaX BMeeT BCXO.IJ.Ha.ll BH!I>OpMaUBJI 0 HeiiTpOHHhiX Ce'leHBJIX B pe

Jouaucuo8 o6nacTB 3Hepru8 ypaua-235 , ypaua-238, nnyTOHB.R - 239. 

CnpaBO'IHhle .D.aHHhle DO .II.IJ.epuo-!I>BJB'IeCKBM KOHCTaHTaM 3TBX 

3neMeHTOB nony'leHhl DyTeM B3MepeHBB HeiiTpOHHhiX Ce'leHBH B 

peJouaucuhlx napaMeTpoe B paJpeweuuo8 o6nacTB 3Hepruii. Tipu 

nepeuoce 3To8 uu!l>opMauuu ua uepa3peweuuyro o6nacTb euocJITC.II 

norpewHTCTB, o6ycnoeneHHhle owu6KaMB onpe.IJ.eneuBJI peJouaucuhlx 

napaMeTpOB B HeTO'IHOCTJIMB pac'leTHO- TeopeTB'IeCKOB MO.D.enB. 

ll03TOMy Ba:lKHO OCyiUeCTBBTb npoeepKy rpyDDOBhiX KOHCTaHT Dp.II

MhiM BJMepeHBeM . 

B .D.auuoii: pa6oTe enepehle npBBO.D.JITCJI Ko34>4luuueHThl peJouauc

HOB 6noKupoeKB /unu caM03KpauupoBKH/ nnyTOHHJI - 239, nony'leu 

Hhle Henocpe.IJ.CTBeHHO DyTeM HJMepeHHJI li>YHKUHB nponycKaHHJI BH.D.a 

<T(t) > 
~E 

f cf> (E ) c ( E )e - a(E)t dE 
~E 

Jcf>(E)c(E) dE 

~E 

No6p 

N on 
/1/ 

r.11.e <T (t )> ~E - nponycKauae ue8Tpouoe, ycpe.IJ.Heuuoe no cneKT

PY cf> (E) H 34>4leKTHBHOCTH .D.eTeKTopa c (E) B 3HepreTH'IeCKOM BHTep

eane ~E ; a(E) - norruoe ue8Tpouuoe ce'leuae JI.D.ep o6paJua; t -

Tonmaua o6paJua; No6p , Non - c'leT .D.e TeKTopa npu H3MepeHH.IIX 

c o6pa3UOM H 6e3 o6pa3ua. 

EcnH .D.eTeKTOp HMeeT 34>4leKTBBHOCTb perHCTpaUHH HeBTPOHOB , 

nponopuaouanbHYIO napuuanbHOMY ce'leHBIO accne.D.yeMhiX o6pa3uoe 

ax (E) /r.D.e x = f , y , s / , TO Bhlpa:lKeHHe /1/ npeo6paJyeTCJI 

K BH.D.Y 

f cf>(E) a (E) - a(E) t 

<T (t)> -~"' x e d E 
X ~E- ~ 

f cf>(E)a (E ) dE 
~E x 
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HJy'leHHe peJouaucuoii CTPYKTYPbl HeBTpOHHbiX ce'leHHB 
239 Pu npoHJBO.I{Hnocb B Jla6opa TOPHH ueATpouuoii ~HJHKH OHJIH . 

HJMepeHH~ ~YHKI.{HH nponycxaua~ .l{n~ 239 Pu npoHJBO~HnHcb c 

HCnOnbJOBaHHeM HeHTpOHHOrO cneKTpOMeTpa no BpeMeHH nponeTa 

Ha · HMnynbCHOM peaxTope HliP-30. Ilponycxauae T (t) /1/HJMep~

nocb Ha nponeTHoii 6aJe 1000 M c acnonbJOBaHHeM 3 H~ -cqeyqa

xoa, a Tx(t) /2/ - ua 6aJe 75 M c xaMepoii ~eneHH~ no cxeMe, 

H306pa)l(eHHOH Ha puc. 1. B nepBOM cnyqae HCnOnbJOBanc~ TaK 

Ha3biBaeMbiH peaKTOpHbiH pe)I(HM /'laCTOTa cne~OBaHH~ -5 F1.1 npH 

WHpHHe HeHTpOHHOH BCnbiWKH 70 MKC/, BO BTOpOM cnyqae- 6ycTep

HbiB pe)I(HM C HH)I(eKTOpOM /100Ft~ H 4 MKC/. 

B xaqecTBe o6pa3l{OB npHMe,HllnHCb MeTannaqecxae Ta6neTKH 
23 9 Pu B BH,I{e ~HCKOB ~HaMeTpOM 48 MM, repMeTH'IHO Jana~HHble 
B o6onO'IKY H3 Hep)l(aBeromeu CTanH. IibiCTpo~eBCTByroma~ HOHH" 

Jal{HOHHa~ xaMepa co~ep)l(ana 22 cno~ nnyTOHH~- 239 o6mHM sec oM 

0,5 Z. KoHCTpyKI.{H~ KaMepbl ~eneHH~ aHanorH'IHa OUHCaHHOH 
1 11 3 / 2 / 

B pa6oTe , a OUHCaHHe He - C'leT'IHKOB CO~ep)I(HTC~ B pa6oTe . 

BpeMeHHble cneKTpbl OT HOHH3al{HOHHOH KaMepbl H 6aTapeH 

renHeBbiX C'leT'IHKOB JaUHCbiBanHCb Ha ~Ba HeJaBHCHMbiX BpeMeH

HbiX aHanHJaTopa THna AH-4096. B ~anbueumeM HH~OpMal{H~ 

c aHanaJaTopoB nepe~aaanacb ua 3BM 63CM - 4, r~e npoBo.I{Hnacb 

HX nepBH'IHa~ o6pa60TKa, T .e. Bbi'IHTaHHe ~OHa H nony'leHHe ycpe~

HeHH~X ~YHKI.{HB nponycxaua~ B npe.l{enax JHepreTH'Iecxax rpynn 

26-rpyUUOBOH CHCTeMbl KOHCTaul3 1 .cJIOH apeMeHHbiX CUeKTpOB on-

':L 
1-------- 75- 250,.. 

Puc.1. CxeMa 3KcnepuMeHIIIa OA.R noAyt~eHu.R 3(H/JeKIIIOe pe3oHaHCHozo 
caM03KpaHupoeaHU.R 2 39 Pu ·. 1 - UCIIIO'IHUK HeiilllpoHoe HEPa-30, 
2 - HeiilllpOH060dbl, 3 U 5 - KOAAUMQIIIOpbl, 4 - o6pa3tlbl 239 Pu', 
6 - KaMepa OeAeHUJI. 

4 

pe~en~nC~ 3KCnepHMeHTanbHO C nOMOmbro pe30HaHCH~X ~HnbTpOB 
H3 BOnb~paMa, MapraHI.{a, HaTpH~, K06anbTa H THTaHa npH 3HeprH~X 

E =4,8; 19; 132; 337 3B H 2,4; 17 K3B. 

Ha puc. 2 HJo6pa)l(eHbl qacneHHble JHa'leHH~ JKcnepHMeHTanb-

HbiX ~yHKI.{HH nponycxaHHii T (t ) H T r (t) ~n~ 8 o6pa3l{OB 
239 

Pu 

c TonmuHaMH t OT 0,86 ~o 49 z/cM 2. 

3xcnepHMeHTanbHble OWH6KH /cTaTHCTH'IeCKHe H CHCTeMaTH'Ie

CKHe/ M~ nonHoro ceqeHH~ so acex rpynnax npHMepuo o~HHaKOBbie 

a cocTaBn~roT 2-3~. An~ nponycxauaii no ceqeuaro ~eneHH~ 3TH 

oma6KH cocTaan~roT 6-12~. B cnyqae nponycxauaii no ceqeuaro 

~eneHH~ onpe~en~romHMH ~Bn~roTc~ omH6KH Ja c'leT ~oua , ~on~ 
xoToporo B cnexTpe cocTaBn~eT 50-80~ npa 6onbmHx Tonmauax 

o6pa3l{OB, a TO'IHOCTb onpe~eneHH~ 3THX OWH60K paBHa 5-10~. 
OxouqaTenbHa~ o6pa6oTxa HJMepeHHbiX ~YHKI.{Hii nponycxaHH~ 

npoBO~Hnacb KaK MeTO~OM HaHMeHbillHX KBa~paTOB /MHK/, TaK 

H MeTo~oM MaKCHManbHoro npaa~ono~o6a~ c npaaneqeHHeM an pH

opHOB HH~OpMal{HH. BTopoii MeTO~ OCHOBaH Ha TaK Ha3~BaeMOM 

6auecoacxoM no~xo~e H onacau B pa6oTax 
14

•
5 1

. IlpHMeHHTenbHO 

K ~aHHOH Ja~aqe ero CyTb CBO~HTC~ K cne~yromeMy. Ilpe~CTaBHM 

~YHKI.{HH nponycKaHHJI /1/ H /2/ B BH~e 

"" - at 
T (t ) m J P (a ) e d a , /3/ 

0 

oc a (a ) m - at /4/ Tr(t ) ~ J ~ ~(a ) e da , 
<ar > 

r.l{e P( a ) - ~yHKI.{HH pacnpe~eneHH~ nonuoro ceqeuH~ /nnoTHOCTb 

Bepo~THOCTH/ B Ja~aHHOH 3HepreTH'IeCKOB rpynne . a f ( a ) 

xoppen~UHOHHa~ ~yHKUH~ ce'leHH~ ~eneHH~ H nonuoro ceqeHH~. 

IJpe~CTaBn~~ UO~biHTerpanbHble B~pa)l(eHH~ KyCO'IHO- UOCTOJIP.

H~MH ~yHKI.{H~MH , nonyqaeM CHCTeMy anre6paH'IeCKHX ypaBHeHHH 

c ueaJaecTHbiMH aMnnaTy.l{aMH ~yHKI.{HH pacnpe~eneHH~. AnpaopHa~ 

HH~OpMal{H~ MO)I(eT 6b1Tb yqTeHa B cne~yromHX nyHKTax: 

1. TeopeTH'Iecxa~ ol{eHKa ~YHKI.{Hii P ( a ) H ar (a), o6nacTb Ja-

~aHH~ p (a ) ( aml n ~ a ma x ) · 

2. Tpe6oaauae T (O) = 1 . 
3. CymecTBoBaHHe ol{eHKH nonHbiX cpe~uux ce'leHBH. 

IJpaKTH'IeCKB .I{OUOnHBTenbHbiH y'leT cpe.I{HHX ce'leHHH jc TO'I" 

HOCTbro ± 20~/ He BnH~eT ua peJynbTaTbl o6pa6oTKH, ecnu co~ep -

5 
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Puc.2. 3Ha'leHUJI nponycKaHUJI T (t) u T r (t) o6pa31#06 c llfOAUIU
HaMu t 0111 0,86 oo 49 z/cM 2 e 12 3HepzeiiiU'IecKux zpynnax 131 

/c 11- il ·OO 22- il/. 6 - 3KCnepUMeH111QAI>HI>Ie 3Ha'leHUJI nOAHOZO npo
nyCKQHUJI, ~ - 3KCnepUMeHIIJQAI>HI>Ie 3Ha'leHUJI nponyCKQHUJI no Ce'le
HUIO oeAeHuJI. CnAOIIlHI>re AUHUU - •eope•u<~ecKue Ol#eHKU. 

Ta6Aul#a 1 

rpynnoawe DOJIHhle ce'leHBJI ,llJIJI DJIYTOHBJI- 239 I 6apH/ 

En EHAE LHAE EHAE UKNDL ENDL HacTOHmaH pa6oTa I964 I970 !978 1972 1970 

21,5 - IO K3B 15,0 14,4 14,78 14,5 !5,2 . 14,77 ± 0,60 

IO - 4,65 !6,5 16,0 !5,74 !6,4 !7,7 I?,IO ± !,00 

4,65 - 2,!5 !8,0 !8,0 !7,96 !8,7 20,7 !9,39 ± !,20 

2,!5 - I 19,5 2!,0 20,7! 2!,4 24,2 19,64 ± !,50 

IOOO - 465 aB 26,0 27,0 28,43 28,! 29,8 33,44 ± 5,00 

465 - 2!5 36,5 38,0 38,90 39,2 40,6 40,20 ± 4,00 

2!5 - roo 48,0 48,0 50,27 49,2 53,7 54,34 ± 4,00 

roo - 48,5 !27,0 !24,0 99,99 IOO,O II7,7 !03,6 ± 8,50 

46,5 - 21,5 68,0 68,0 64,20 64,2 72,! 63,94 ± 8,50 

21,5 - IO !94,0 !86,0 188,50 !88,5 !93,6 I77 ,40 ±r8,oo 

IO- 4,65 90,5 70,0 72,!0 72,! 73,2 72,67 ±r6,oo 



)l(aiQa.IICJI B illYHKUBJIX nponycKaHHJI BH!IlopMaUBJI npHBO.D;BT K TO"'HOCTB 

onpe.neneHBJI cpe.nHero ce"'eHBJI, nyqwea "'eM anpaopHa.ll oueHxa. 

Y"'eT .anpBOpHOB HH!IlOpMaUBB, OTMe"'eHHOB B nyHKTax 1 H 2, 

,D;a)l(e npB Heonpe.neneHHOCTB ± 100~, npHBO.D;HT K CyiQeCTBeHHO 

6onbweii: ycTOB"'HBOCTH pe3ynbTaToB no cpasHeHHID c nony"'eHH~

MB Tpa,D;BUHOHH~M MeToiloM HaHMeHbWHX KBa,D;paTOB. llpH"'eM BpeM.II 

c"'eTa Ha 3BM CDC-6500 .nnJI nporpaMM~ 6aii:ecoscxoro no.nxo.na 

npaMepHo B 5 pa3 MeHbWe, "!eM .nnJI nporpaMM~ MHK. 

OcHOBHWM pe3ynbTaToM o6pa6oTKH JIBn.lleTCJI nony"'eHae P(a) 
H a f (a) p (a) B BB.D;e rHCTOrpaMM~. Pa36BeHHe OCH a 

o6W"'HO npOB3BO.D;Bll0Cb Ha 10-15 BHTepBanoB. llorpeWHOCTb pewe

HBJI xapaxTepB3yeTCJI KOBapBaUBOHHOB MaTpaueii:. Ha OCHOBe OUeH

KB P (a) B a rCa) P (a) nonyqanBCb pa3nB"'H~e xapaxTepacTB

KB pe3oHaHCHOB CTPYKTYP~ ceqeHHB <an> H K03~HUHeHT~ peJo

HaHcHoii caMo3xpaHBPOBKB nonaoro ce"'eHBJI B ce"'eHB.II .neneHBJI: 

1 < -- > 
_1 [ 

F Cao)"' <a> t 
a+ 0 o -a 

0
] • 

1 2> 

1 
Fr(ao) = <a r> 

< (a +ao) 

af 
< ---> 

a +an 

< -1--> 
a+ao 

/5/ 

/6/ 

r.ne a
0 

- ceqeHBe pa36asneHBJI, npe.ncTaBnJiwmee cyMMY nonH~x 

Ce"'eHBH BCeX .D;pyrBX npBMeCH~X B30TOnOB B pac"'eTe Ha O.D;BH 

aTOM 239Pu, 

Kax B3BeCTHO, Ta6naua xo3~BUBeHTOB peJoHaHcHoii caMo-

3KpaHBPOBKB B CBCTeMaX rpynnoB~X KOHCTaHT .D;llJI paC"'eTa peax

TOpOB COCTaBnJieTCJI .D;llJI pa3llB"'H~X Ce"'eHBB pa36asneHB.II B TeM

nepaTyp. llpBBO.D;BMWe HB)I(e pe3ynbTaT~ OTHOCJITCJI K KOMHaTHOB 

TeMnepaType B x HynesoMy ce'leHBID paJ6asneHBJI. 

B 111a611. 1 cpaBHBBaiDTCJI HexoTop~e cymecTsywmae oueHKB 

cpe.nHerpynnos~x nonH~X ce'leHBB 239 Pu c pe3ynbTaTaMB Hawax 

BJMepeHBB. HcTO'IHBKB oueHox, nony'leHH~X A6arJIHOM B .np. * 

* B .nanbHeiiweM 6y.neM cc~naTbCJI Ha 3TBX asTopos coxpameHHO, 
KaK 3TO npBHJITO B llBTepaType, DO nepB~M 6yKBaM BX !llaMBllBB: 

liHAli. 

8 

/1970 r./, a TaK)I(eBna6opaTopBJIXAHrnBBBClliAUKNDL /1972 r./ 

aENDl/1970 r./, npBBO.D;.IITCJI, HanpBMep, Bl G,S,9 ( Pe3yllbTaTbl Ha

CTOJIIQeB pa6oT~ no cpe.nHerpynnosoMy nonHOMY ce"!eHBID y.nosneT

sopaTenbHO cornacyiDTCJI c nocne.nHeii oueHxoii: liHAli /1978 r./ 101 

B ,D;aHHWMB .D;pyrBX ynOMJIHYT~X B~We pa60T B npe.nenax 3KCnepH

MeHTallbHWX norpeWHOCTeii:, KOTOp~e o6ycnosneHbl CTaTBCTH"'ec

KHMH H CHCTeMaTH"'eCKHMH OWH6KaMH . 

B 111a611. 2 H 3 cpaBHHBaiDTC.II Hawa 3KcnepaMeHTanbHbie JHa'le

HHJI H OUeHKH K03cixPHUHeHTOB pe30HaHCHOB . 6nOKHpOBKH Ce"'eHHJI 
239 

.neneHHJI H nonHoro ce"'eHHJI Pu, B~nonHeHH~e liHAli H .np. llo 
' / 10/ 

CpaBHeHBID C nocne.D;HHMH 3KCnepHMeHTallbH~e K03!lKl>HUHeHThl pe-

30HaHCHOB 6nOKHpOBKH BO BCeX 3HepreTH"'eCKHX rpynnax yKa3biBaiDT 

Ha MeHbWYID 6nOKHpOBKy B Ce"'eHHH ,D;eneHHJI H Ha 6onbWYID 6nOKH

pOBKY nonHoro ce"!eHH.II. KpoMe Toro, HJ 3KcnepHMeHTa cne.nyeT, 

"'TO 3IP4>eKT~ 6nOKHpOBKH B nonHOM Ce"!eHHH 6onee 3Ha"'HTenbHhl, 

"!eM B napuaanbHOM ce'leHHH .neneHH.II.B oueHxax liHAii /1978 r ./10/ 

Ta6Auija 2 

Ko3!lKl>HUHeHT~ peJOHaHCHOH CaM03KpaHHpOBKH ceqeHH.II 

239 
.neneHH.II Pu 

Ji E,.., mAE EHAE UKlfDL HacToamaa pa6oTa 
rp. 1964 1978 1972 

II 21,5 - IO KaB 0,93 0,925 0,999 0,962 ± 0,03 

I2 IO - 4,65 0,84 0,839 0,989 0,879 ± 0,04 

I3 4,65 - 2,15 0,64 0,635 0,954 0,800 ± 0,05 

I4 2,15 - I 0,49 0,508 0,908 0,706 ± O,I3 

15 IOOO - 465 aB 0,38 0,373 0,802 0,600 ± O,IO 

I6 465 - 215 0,29 0,296 0,537 0,533 ± 0,05 

I7 2I5 - roo 0,20 0,205 0,417 0,403 ± 0,04 

I8 roo - 46,5 0,16 0,131 0,425 0,275 ± 0,03 

19 46,5 - 21,5 O,I6 0,132 0,225 0,206 ± 0,06 

20 21,5 - IO 0,17 0,149 0,149 0,194 ± 0,02 

21 IO - 4,65 0,18 0,268 0,268 ± 0,04 

9 



.);Ji 

rp. 

II 

12 

13 

14 

!5 

16 

!7 

IB 

19 

20 

21 

Ta6Aulla 3 
Ko3tW>auaeuTbl pe30H8Hcuoii: C8M03Kp8uapouxa 

nonuoro ceqeua.ll'. 239 Pu 

En 

2!,5 - I0 KSB 

IO - 4,65 

4,65 - 2,!5 

2,!5 - I 

!000- 465 sB 

465 - 2!5 

2!5 - IOO 

IOO - 46,5 

46,5 - 2!,5 

2!,5 - IO 

IO - 4,65 

EHAE 

1964 

0,94 

0,87 

0,76 

0,64 

0,5! 

0,40 

0,3! 

0,!6 

0,!9 

O,IO 

0,!7 

EHAE 

1978 

0,945 

0,868 

0,739 

0,635 

0,467 

0,36! 

0,279 

0,!55 

0,235 

O,IIO 

0,276 

HacTORmaH pa6oTa 

0,766 ± 0,!6 

0,724 ± 0,!4 

0,70! ± 0,!5 

0,588 ± 0,07 

0,376 ± 0,03 

0,392 ± 0,03 

0,!88 ± 0,05 

0,!39 ± 0,02 

0,!8! ± 0,03 

0,088 ± 0,008 

0,!7! ± 0,03 

6JJOKHpOBK8 6onee CHJlbH8.11 ,II;Jl.R Ce'feHH.R ,o;eJJeHH.Il, 'I eM ,II;Jl.R fiOJlHOrO 

ceqeHH.R. 

06p811.18eT H8 ce6.11 BHHM8HHe p83JlH'IHe K03tWJHUHeHTOB pe30H8HC

HOB 6JJOKHpOBKH Ce'feHH.Il ,o;eJJeHH.R BO BCeii: pe30H8HCHOH o6JJ8CTH 

E $21,5 K3B no .o;aHHbiM UKNDL a liHAii /1978 r./. llony'feHHble 

H8MH ,11;8HHble ne>KaT Me>K.o;y peJyJJbT8T8MH UKNDL a liHAii /1978/ 
/eM. puc. 3/. 

0TMeTHM, 'ITO ,11;0 H8CTO.Illl.lero BpeMeHH ony6JJHKOB8H8 TOJlbKO 

O,II;H8 p860T8, r,o;e HMeJOTC.Il CXO,II;Hble C H8WHMH ,11;8HHble 0 cllYHKUH.IIX 
239 17 I ~ 

nponycxaua.R Pu . 0.o;H8Ko B Hea npaue.o;eHbl TOJJbKO <llYHKUHH 

nponyCK8HH.R BH,II;8 /2/ ,II;Jl.ll ,D;eJJeHH.Il B He60JlbWOM HHTepB8Jle TOJlll.IHH 

/OT 0,06 ,11;0 3 Z/CM 2 
/, H K03tWJHUHeHTbl pe30H8HCHOB 6JJOKHpOBKH 

HCXO,II;.Il H3 3THX ,11;8HHbiX He MOryT 6b1Tb fiOJly'feHbl, T .K. HeT ony6na

KOB8HHbiX ,11;8HHbiX 0 cllYHKUHH nponyCK8HH.Il ,II;Jl.ll fiOJlHOrO Ce'feHH.R. 
- ~ 6 239 p B .o;a8n8JoHe 3Hepraa HeaTpoHOB a TOJJII.IHH o p83UOB u, r.o;e 

pe3yJlbT8Tbl MoryT 6b1Tb COfiOCT8BJleHbl, ,11;8HHble p860Tbl I ? I y,o;OBJleT

BOpHTeJlbHO COrJ18CYJOTC.Il C pe3yJlbT8T8MH H8CTO.Ril.leB p860Tbl. 
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Puc. 3. Ko3tP¢UIIUeH•r.l pe3oHaHcHoii caM03KpaHupo6KU ce'leHUJI beAe
HUJI Fr u noAHOZO ce'leHUJI Ft bAJI Pu -239 6 o6Aac•u 3Hepzuu 
E :;; 21,5 K3B. - - pe3yAua•r.' IiHAii /CCCP /, ------ - pe-
3yAr.•a•w UKNDL /AHZAUJI/, + - baHHr.Je HaCIIOJIUieii pa6omw /OHJIH/ 

B 38KJJJO'feHae 8BTopbl Bblpa>K8JOT 6JJ8ro.o;8pHoCTb JI.Ii .naxeJJ&He

py 3a none3Hble o6cy)l(,ll;eHa.R a no,~~;,~~;ep>Kxy pa6oTbl, u;.u;.nauTeneeuy 

38 pa3p860TKY KOHCTPYKUHH K8Mepb1 ,o;eJJeHH.R, a T8K>Ke H.C.KJJJOeBy 

a B.B.llacxyHoBoii 38 Y'f8CTae B H3MepeHa.Rx a o6p860TKe pe3yJJ&T8-

TOB. 
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