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S u m m a r y

T h e  to ta l c r o s s  s e c t i o n s  o f U —2 3 3 , U —235 a n d  P u-23^th e f i s s io n  
a n d  r a d ia t iv e  c a p tu r e  c r o s s  s e c t i o n s  of lj-235 a n d  Pu_239 w e r e  m e a s u r e d  
b y  th e  t im e-o f-f lig h t  m eth od  w ith  tim e r e s o lu t io n  o f 40 a n d  55 u s in g  
th e  JIN R p u ls e d  fa s t  r e a c to r .  T h e  liq u id  b o r o n  s c in t i l la t io n  d e te c to r  
w a s  u s e d  to  d e t e c t  th e  r e s o n a n c e  n e u tr o n s  i s  th e  m e a su r e m e n ts  
of th e  to ta l c r o s s  s e c t i o n s  b y  th e  t r a n s m is s io n  m eth o d . T h e  m e a s u r e m e n ts  
o f  th e  to ta l c r o s s  s e c t i o n s  a n d  that o f f i s s io n  a n d  r a d ia t iv e  c a p tu r e  
b y  th e  s e l f - in d ic a t io n  m eth od  w e r e  c a r r ie d  ou t u s in g  a  la r g e  c a d m iu m -  
lo a d e d  liq u id  s c in t i l la t io n  d e te c to r .

T h e  p a r a m e te r s  gP  , T ,P, a n d  P^ fo r  7 8  l e v e l s  o f P -2 3 5 ,3 2  l e v e l s  
o f Pu-239 a n d  th e  p a r a m e te r s  gP ,P fo r  1 3  l e v e l s  o f  P -233 w e r e  c a lc u la t e d  b y  
th e  a r e a  m eth od .

In r e c e n t  y e a r s  th e  in v e s t ig a t io n s  of r e s o n a n c e  n e u tr o n  in te r a c t io n s  
w ith  f i s s io n a b le  n u c le i  b y  th e  t im e -o f-f l ig h t  m eth od  u s in g  th e  p u ls e d  n e u tr o n  
s p e c tr o m e te r  a r e  b e in g  d e v e l o p e d / l ,  2 , 3 / .  T h e y  a r e  s tim u la te d  both  b y  
g r o w in g  d e m a n d s  to  th e  a c c u r a c y  o f  th e  p a r tia l n e u tr o n  c r o s s  s e c t io n  
m e a s u r e m e n ts  a n d  b y  th e  p o s s ib i l i t y  o f c o m p a r in g  d iffe r e n t  e x p e r im e n ta l  
c h a r a c t e r i s t i c s  o f th e  in te r a c t io n  p r o c e s s  in s e lf ,  a n d , in  p a r ticu la r , o f  th e  
f i s s i o n  p r o c e s s ,  w ith  th e  th e o r e t ic a l  n u c le a r  m o d e ls .



HccneaoBaHHsi BaaHMoaeiicTBHa peaoH ancH bix  HefiTpoHOB c  nenauiHMHca

aapaMH B nocaeflHHe r o a w  HHTeHCHBHO paasHBaiOTCH Ha HMnyafaCHbix n e / i -
/1 ,2 ,3 /  ^

TpoHHbix c n e K T p o M e x p a x  n o  B p e M e n n  n p o n e T a  . (Jhh C T H M y n n p y io T ca

He T on tK O  p ac ry u iH M H  Tpe6oBaHHflMH p e aK T o p H o f t  4)HaHKH b oTHomeHHH t o h -  

HOCTH HaMepeHHii n apU K anB H bix  HeHrpoH Hbix ceneH H H , h o  h B oaM ow H ocT B io  

c o n o c T a B n e H H a  paanH H H bix  3KcnepHMeHTant>Hfaix x a p aK re p H C T H K  c a M o r o  n p o -  

n e c c a  B aaH M O A ef tcx B i ia , h b  n a c x H o c x H  n p o n e c c a  a e n e H H a ,  c  x e o p e x H n e c -  

KHMH anepHbtM H MOfle/IHMH.

CxpeM neHHe k i iocxanoB K e sK cnepHM enxoB  b y c n o B n a x  MaKCHMajiBHofl 

paapemaiomGH cn oco6H ocxH  h p h b o a h x  k orpaHHHeHHio n o n y n a e M o n  nH(j3opMa- 

HHH, x a x  KHK H a - a a  HeaocxaxoHHOH CBexocHAbi, conyxcxByioffleH Bi.icoKOMy 

paapemeHHK). o6biHHo Haiviepnioxca xonbKO nonHi.ie acJxfjeKXHBHbie ceneH H a
/ I /BaaHMOflGHCXBHa  HGHxpoHOB . 3 x 0  H oaB o n aex  HaynaxB B o n p o c ia ,  C B a a a n -

bie xonfaKO CO cxaxHCXHKoii ypoB neii ,  onpeAexreHtieM iienxpoHHOH chaoboh

4)yHKAHH H e e  aH ep rex H aecK o il  aaBHCHMOCxH.

B AaHHofi p a 6 o x e ,  K o xo paa  a B n a e x c a  npoAon>KeHHeM npoBOAHMbix b

/ la6opaxopH H  HeiixpoHHoH Ohahkh OHHH HCCAeAOBaHHii nenxpoHHbix p e a o -
/4 ,5 ,6 /

HaHCOB AenaiuHXca HAep , o c y m e c x B n a e x c a  XGHAenuHa doagg n o n n o r o

HayHGHHH C B O i i c x B  B o a 6 y > K A e H H b i x  ypOBHGii npH yiviGpeHHOM paapem eHHH n y -  

XGM HaMepeHHa noAHbix a napuH anbHbix  CGneHHii BsaHMOAeiicxBHa p e a o H a n -  

CHblX HGHXpOHOB C AeAHIAHMHCH HApaMH.



MeroflHKa n3MepeHHft 

HaMepeHHH 6biJiH npoBeaeHbi MeTOflOM BpeMeHH nponera c HMnyabCHtiM
n  I

6bicTpwM peaK TopoM  OHflH b K anecTB e HCTOHHHKa peaoaaH CH bix h g h -

TpoHOB. riponeTHoe paccTOHHHe (L )  cocTaBnaao 1010 m, BpeMSHHbie

cneKxpbi perHCTpHpoeanacfa 4096-KaHanbHbiMH aHanHsaxopaiviH c mapHHaMH
A tKaaanoB 8 h 16 m kcgk. 3 to oSecneMHBaao paapemeHHe —̂  = (40»-55)HceK/M.

1. J l e n e H H e  h p a a Ha u HOHHb i H s a x e a T .  flna  perncTpauHH a x -  

TOB neneHHfl h panaauHOHHoro aaxBaxa HcnonbSOBaacH wanKOCTHbiil cuHHTan- 

nflUHOHHbiH flexeKTop oeteMOM 500 n UHJinHflpaHeCKoii (j)opMbi aa ocaoae  

xoayoaa c Ho6aBKaMH napa-xep4)eaana a nOnOFI. C noMouibio o6e3BO>Kea 

aoro  M sxaaoBoro cnapxa b pacxBOp 6bin BBeaea nponaoaoBOKacnbift xaflMaa 

B K onaaecxBe, o6ecneaaBaK)meM oxaom eaae aacna aaep xaflMBH k aacay  

Hflep BOflopofla, p aaaoe 0 ,0 0 4 . HccaeayeM biii oSpaaeu noMeuianca b a e a x -  

pe Saxa b reoM expaa, SaaSKoa k i n

Hpaaaan p eracxp au aa  ocaoBaa aa xom 4>BKxe, axo a ea e a a e  conpoBOW- 

flaexcfl acnycxaaaeM  MraoBeaabix y -nyaeJS a aefixpoaoB, a paaaaaaoaabiil 

aaxBax -  xoabKO y -Jiyaeft.

P era cx p a u a a  axxa u ea ea a a  cooxB excxB yex 3anep>KaBaoe coB naueaae  

UByx coSbixaa: 1) acnycK aaaa M raoseaabix y  -n y a e a  u en eaaa , 4)aKcapyK>- 

max MOMeax n ea ea a a , a 2 )  aaxaaxa xauMaeM ouaoro a3 3aMeflaaBmaxca 

aeiixpoBOB n ea ea a a , 4>nKCapyioiuero caM ct)aKX u en eaaa  a uaromero b p eayn b-  

xaxe KacKau b cpeuaeM  a3 aexbipex y  -KBaaxoB c nonaoa sa ep ra ea  

= 9,2 M sb .  BpeM a, paauenaioiuee axa coSbixaa, on p euenaexca  cpeuaaM a p e -  

MeaeM >xa3aa aeiixpoaoB b u exexxop e uo aaxBaxa a paB aaexca « 8 MKcex, 

PauaauaoaabiH aaxBax aeilxpoaa o6paauoM conpoBOJKuaexca acnycK a- 

aaeM aecKOUbKax y  -KBaaxoB c nonaoa a a ep ra ea , paBBOli sa ep ra a  CBaaa 

aeiixpoaa b oSpaaoBaBUieMca aupe. noupo6abie CBeueaaa o KOBCxpyxuaa 

u exexxop a  a e r o  xapaK xepacxaxax npaBeueubi b p aooxe aaxopoB . 1 a -



KHM o6pa30M, 3aflep>KaHHoe coBnaaeHHe cooreercTBOBano aKry aejienua,

H 3Ta HHcJ)opMauHa HaKanJiHBanacfa oahhm h3 epeMeHHux aHaJiHsaxopoB. 

A k th  6e3 conpoBOMAaioinero HMnynfaca perHCTpnpoBanncb ApyrnM bpgmgh- 

HbiM aHaAH3aTopoM. nocneAHaa «H4)opMaAHa BKAioHaAa co5biTna, oTHOcauiHe- 

c a  K paAHauHOHHOMy aaxBary HeftrpoHOB o6pa3UOM, aeJienyiio, no a a p e r u c r -  

pHpoBaHHOMy B AenHxenbHOM KaHaae, h, HaxoHeA, (jioHy.

riocxoaHHbiH (jjoH, co3AaBaeMbiH paAHoaKXHBHOcxfaK) noMeiueHHa, kocmh-  

aecKHM A3nyieHHeM h ecxecxBeHHOfl y -aKXHBHOcxbio o6pa3ua, ne bbbhchx  

ox BpeMGHH H yAAXbiBaexca AocxaxoAno xohho b n3MepeHHax 6 ea  paSora io -  

mero peaxxopa.

Una  HCKAKDHeHHa t|)DHa ox peuHKAHAHbix HefixpoHOB B o6AacxH sHepraH 

AO 20 3B HSMepeHHH npoBOAHAHCb c noMemeHHbiM B nyaoK xaAMneBbiM 

4)HAbxpGM ( n a **’ = 2 2 ,4 ) ,  a Bbime 20  3b -  c SopHbiM 4)H''itrpoM ( no-**’ =
C d  B

= 15 ) .

f l n a  ynexa 4)ona, CBasaHHoro c pacceaHHeM HettxponoB nyHxa Ha k o a -  

AHMaxopax, 3arAyuiKax HeiixpoHOBOAa, KOHCxpyKUHOHHbix Maxepwanax A exex-  

xopa H X.A., a xaKKG <{)OHa 3ana3AbisaK)mnx tieHxpoHOB peaxxopa, HeHxpoH-

Hbiii nyHOK n ep exp b iB aA ca  (J)MAbxpaMH h3 c e p e 6 p a  a xoS aA b xa  c xoAiuHHaMH
- 3  - 32,9«10 HAep/Sapn ( n = 5 ,3  aah Eg “ 5,2 s b )  h 2 ,8 -10  fiAop/6apH

( na  ̂ = 1 1 , 0  AAA Eg = 132 3 b ) cooTBexcxBeHHO. C nex nexexxopa b p ea o -

HaHcax, npHHaAAe>Kamnx sxhm naoxonaM, npHHHMaAca pasHbiM 4)oHy H3-3a

noAHoro BbiBeAeHHB h3 nynxa HeiixpoHOB cooxBexcxBywiaHX sHeprHii.

BxnaA B sKcnepHMeHxanbHbiH cnexxp paAHauHOHHoro aax sa x a  Heflxpo-

HOB ox noxeHAHanbHoro pacceHHHH HccneAyeMbiM H3oxonoM, npHMecHMH h

ynaxoBKOfl o6pa3ua onpeAensinca n3 oxAeAbHwx H3MGpeHHH c HAenxHAHbiMH

o6pa3uaMH U—238 h CBHHUa.

Hah yMeHbmeHHfl BXAaaa noxeHUHaAbHoro pacceaHHA Me>xAy nyBCX-

BHXeAbHblM Oe-faeMOM AeXOKXOpa H o6pa3AOM nOMemaACH AHAHHAPHHeCXHil

(jjHAbxp H3 nopomxa Li F xoAiAHHoit 3 cm = 8,4 ana  E = 10 3b



H n cr = 2 ,6  asm E = 100 sb  ) .  f lna vMeHfaiueHHa pacceanHa HeitTpoHHO-
n CT

r o  n y H K a  H a  B o a a y x e  B H y T p e H H H f i  n p o f l o n b H b i f t  K a n a J i  n e r e K T o p a

OTKaHHBancg flo flaBJieHHH 1 m m  i j g . 

fljisi onpeflenGHHH (|)ona cnyHafiHbix coBnaaeHMH iipn perHcrpamiH n en e-  

HHH HcnonbsoBancH Meroa 3aaep»aHHbix coBnaaeHHH. BeHHHHHa 3 a a e p > K K H

cocraBJiana 40 m k c g k , h t o  b 5 p a 3  n p e B b i m a e T  cpean ee  BpeMH > k h 3 h h  Heft-
/ 6 /

TpoHa flo a a x B a r a  b  a e r e K r o p e .  Kax o T M e n a n o c b  b  p a o o r e  a s r o p o B  , 

3TOT M e r o n  n ocT aT O H iio  t o h h o  yHHTLiBaex (jjon b  t o m  c n y n a e ,  K o r / i a  a n n a p a -  

r y p H a s  n o n y m n p n H a  p e a o H a n c a  n p e B b im a e T  B e H n in H y  3aaep>KKH S o j i e e  h g m  b 3 

p a 3 a  ( HH3KO3HepreTHHeCKH0 p e 3 0 H a H C b i ) ,  E c j i h  3 T o  y c n o B H e  He B b in o n n H n o c b ,  

TO s K c n e p n M e H T a n b H a g  x p H B a a  (|)OHa yM H Ow;anacb n a  (fiaKTop k = L 1 —( r / 2 < 9 ) ^ ] “ ‘, 

r a e  2 0  -  a n n a p a T y p n a g  n o n y m g p H H a  p e a o H a n c a ,  r - 3 / ie K T p o H H a g  3anep>KKa

npH H3MepefiHH (|)O H a. 

B K H a f l b !  BCeX p a C C M O T p e n H b l X  (jlOHOB CHHTanHCb CTaTHCTHHeCXH 

HeaaBHCHMfalMH H CyMMHpOBaHHCb, HTO, HO-BHflHMOMy, CnpaBeflJlHBO , 

Tax K a K  npocHeTbi H 3 - 3 a  Hanoj-KenHg HMnynbcoB b npenenax v.epTBO- 

ro BpeMGHH perHCTpHpyiomHX CHCxeM He npeBbimnnn (l4-3)%  h yHHTbiBa/iHOb 

npH oopaooTKe

B a a e s i c H M O C T H  OT y c n o B u H  S K c n e p H M e H T a  ( h s o t o h ,  o 6 m e e  K o n n n e c T -

BO HCcneflyeMoro H30Tona h t. h.)  noporH perHCTpauHH y -nynefi fleneHHg

H paflHauHOHHoro aaxBaxa BbiSHpanHCb pasHbiMH (0 ,3«-0 ,9)  Mob b pewiiMe

coBna/ieHHH, a hghtpohob aenenHn -  (0 ,81-1 ,5)  Msb b pexiHMe cyMMHpoBa-

HHH . IJpH 3TOM 3(j)r;.eKTHBHocTH perHCTpaHHH aKTOB fleHeHHg H paAKa- 
/ 8 /

U H O H H o r o  a a x B a x a ,  H S M e p e n H b i e  m o t o a o m , o i i H c a H i i b i M  b  paSore , c o c -  

T a B H g H H  O T  65 A O  30% H O T  30 AO 15% C O O T B e T C T B e H H O ,

TaKHM o6pa30M, nocae yneTa (fioHa c h g t  b  Kanane, perHCTpHpyiomeM 

paAHauHOHHbiH 3axBaT, on peaengacg  TOAbKO axTaMH paAHauHCHHoro aaxBaxa  

H AeneHHAMH, He saperHCTpHpoDaHHbiMH b  AenHTenbuoM Kanane. C hot  ahh  

OAHoro KaHana BpeMenHoro aHa.nn3aTopa MomeT SbiTb npeACTaBnen b  c n e -  

A y r o m e M  BHAe:



AN  ̂ (t) = N ( t )  (KBHan neneHHii) ( 1)

AN* ( t ) = [ N *  ( i ) + - L a N ' ( t ) ] f
y c £ f c

(Kanan paAHauHOHHoro aaxB axa) ,

1vae  Nj -  noAHoe hhcao aKTOB AeneHHa b i - to m  KanaAe speMeHHoro 

aHaAHSaropa 3a BpeMa t N -  noAHoe hhcao bktob  paaHauHOHHoro

aaxBBTa b i - to m  KanaAe BpeMeHHoro aHaAHSaropa aa BpeMa t , fj  

})4)eKTHBHOcT£, perHCTpauHH aKTOB aeAeHHa, e -  3(})4)eKTHBHOCTb p era cT -
C

pauHH aKTOB paAaauHOHHoro aaxBaTa, vj/ -  3(|i4)eKTaBH0CTb, c Koropofi; b 

KanaAe paAaauaonnoro aaxaaTa peracTpapyioTca aKTbi, oTnocamaeca k AeAe- 

naio. 3 Ta BeAHHana nopHAKa (0,1 ►0 ,3 ) a onpeAeAaeTca c TonnocTtw ne
/ Q  /

xyjKe (2 'i-3 )%

2 . n p o n y c K a n a e .  B aaM epenaax nponycKanaa acnoAbaoBaAca >xaA-

-  «  -  / l o /  -KocTnbiH CAanTKAAanaonnbiH oopocoAepjKamaa AOTeKTop , aMeMuiaa acp-

(JieKTaBnocTb p er a c T p a n a a  neaTponoB 40% a a a  E„ = 100 3b npa c o 6 c T B e n -  

noM 4)one okoao 20 KMn/ceK. 4>on b aa M ep e n a a x  onpeASAaAca c  noMombro 

nepeKpHBaroinax nynoK cjinAbTpoB aa c e p e 6 p a  a KoSaAbTa, o KOTopbix CKa- 

a a n o  Bbime. H aM ep en aa ,  KaK oSbinno, B enacb nepeAyioinaM aca KopoTKaMa 

cepaaM a c oSpaanoM a 6 e a  oS p aan a .

B ca  an4)opMaaan, nonynennaa b aaMepenaax nenenaa , panaauaonnbix 

axBBTOB a nponycKanaa, OTAeAbnuMa cepaaMa nepenaBanacb no Ka6eAK3 

na SAeKTponnyio BbiHacAaTeAbnyio Mamany ( 3 B M ) ,  r a e  xpananacb na M ar- 

naTnoii AenTe, Bo OKonnanaa aaMepenaii Bce cep aa  onnoro Tana c MarnaT- 

noa AeHTbi BBOAanacb b naMBTb 3 B M , cyMMapoBanacb, acnpaBAanacb na 

npocneTbi aa  cneT MepTBoro BpeMena peracTpapyiomeJi annapaTypbi a o6p a -  

SaTbiBanacb b cooTBeTCTBaa c onacbiBaeMoii Ha>Ke npoueAypoa.



O 6p a 6 0 TKa h peayj ibraxbi

ripHMeHHTeJifaHo K npoBeaeHHbiM KSMspeHHsiM KSBecrHbiH Meroa  njio- 
.  / I I /maaeH nosBonfleT nojiynaTb CBssb Me>KAy cyMMapHbiM hhcjiom otcmg-

TOB aereKTopa no BceMy pesoHaHCy, ne aaBHcaiuHM o t  paapeuieHHH hgh-  

TpoHHoro cneKTpoMerpa no BpeMenn nponexa, c napaMerpaMH a ro r o  p ea o -  

Hanca,

Hjih cJiynaeB perHcrpaiiHH aejieHHH h paaHauHOHHbix aaxsaroB  mo>kho 

aanncaTb:

2 N ' = n ( E  ) f  — A ( n , r , g r  , A) ,
1 ' 0 f r  °  " ( 2)

r  f r
2  N = n  (E.  ) « e —  (1 + )A (n , r , g E  , A) ,  ( 3)
j O  ® r  f P E  D n

c c ^

r n e ' n ( E g )  ~ HHCno HeftrpoHOB b eflHHHHHOM SHepreTHHeCKOM HHTepBane,

nanaioiUHX Ha bck> nnomanb o6pa3ua aa bpgma HaMepeHHii, onpeAenaeMoe
/8  /M0TOAOM, OHHCaHHtiM B pa6oxe ; r , r  , r  ,T  -  nonHaa, nenHTenbHaa,f e n

noJiHaH paAHauHOHHaH h HeHTpoHHaa uinpHHbi paccMarpHBaeMoro ypoBHsi;

 ̂ 9(j)4)eKTHBHOcTH peTHCTpauHH aKTOB fleneHHH, paflHaHHOHHoro a a x -

Bara h HeHTpoHHoro pacceaHHa; \  -  onomanb npoBana naa kphboh npo-
2^®

nycKaHHa; nj ,  -  ToniHHHa (a a /cM  ) aereKTopHoro oBpaaua; A -  aon n ae-  

poBCKaa mnpHHa; g -  CTaTHCTHHecKHii (jiaKTop , paBHwii (2 J + 1 ) /2 (2  I + 1 ) ,  

ra e  J -  chhh cocTaBHoro aapa, a I -  chhh aapa-MHuieHH.

Ha aaHHbix no nponycKaHHio onpeaenanHCb nnomaaH npoBaaa naa kph­

boh nponycKaHHa, KOTopbie aBnaioTCH raKwe 4)yHKHHeH napaMerpOB p ea o -
2

HaHca g P , r  , A H n aa/cM , x .e .
n  T

A = f ( g r  , r . A , n  ). (4)
E  n T0



/ 1 2 /HsMepeHHH caMOHHflHKauHH , B KoTopbix Hcnonb30Banca aenurenb-

Hbift KaHan aeTeKTopa, HMeroiuHii HHSKHii ypoeeHb l̂OHa, nosBonaMT noayHaTfa 

BeaHHHHy

A(n +n ) —A ( n )  ( n +n )
S ( D T ) =  CL— J   D _ I _ e x p ( n  a ),

'< % >  I N  ( .  ) " “
i 1 D

ra e  n a n  -  TonmaHfai nponycxaiomero h aexeKTopHoro o6pa3uoB, a -
T  D p

ceneHHe noxeHUHanbHoro pacceflHHsi, onpeaeJisieMoe no nponyCKaHHio Me>Kfly 

peaoHaHCaMH.

flaa HaxowaeHHH napaMexpoB g f  a p aa 3BM  MsroaoM HaaMeHB- 

_ax KBaapaxoB pem aaact cacreM a ypaBHeHaif eaaa (4 ) a (5 ) .  nporpaMMoa 

o6pa5oTKa BBoaaJiacB nonpasKH aa xpbiaba peaoaaHCOB b npexinojio>KeHBa,

HTO ceHeHHH B6na3H peaoaaHca onacbiBaioTca (jjopMynoH BpeMTa-Baraepa 

ana HaonapoBaHaoro ypoBHa 6ea yaera siJiiteKTOB HHTep4>epeHuaa.

CneayeT OTMeTHTt, hto HcnonbaoBaaae asyx thhob aaMepeaaa ana 

onpeaeaeaaa gP^ a F yMeHbuiaeT BepoHTaocTb cacTeMaTHHecKBX oaia- 

6ok, nocKoabxy b stbx oKcnepaMeHTax acTOHaaKa oiub6ok paaaaHHbi. KpoMe 

Toro, ana Ka>Kaoro Tana axcnepaMeaTa aSMepeaaa 6biaa npoBeaeabi c a e c -  

KOJibKBMa o6pa3uaMB, hto aaex B03M0>i<H0CTb acnonbsoBaTb aaaHBTenbao 

Sonbmee nacao ypaBHeaaa, hgm nacao aeasBecTHbix napaMexpoB, hto xax- 

JKG yaynmaeT aaae>KHOCTb noayneHabix peayabTaToa,

1. y p a a - 2 3 5 .  B aaMepeaaHX acnoabaoBaaacb o6paaaw ypaaa d Bane

leTaaaHHecKBX naacTaa a OKBCa-saKaca, aaaeceaHoa aa aaiOMaaaeByio (jjoab- 
2

ry naomaabK) 250 cm , oSorameaabie accaenyeMWM aaoTonoM ao 90%. T oa-  

fflaabi o6pa3uoB npaBeaeabr b ra6a. 1,

4>oa B xaaaae aeaeaaa cocTasnan (0,3«-3)% , b  xaaaae paaaaaaoaao- 

ro aaxBaxa -  (8b  20)% ot cneTa b peBoaaace 8,78 3b aan yxaaaaabix Toa- 

raaa o6pa3uoB. <t>oa npa asMepeaaa nponycKaHaa onpeaeaaacfl b ochobhom 

co6cTBeaabiM 4iohom aeTexTopa.



Ha pHC. 1,2 fljifl HJiJiiocTpauHH npHBeAeHbi yAacTKH SKcnepHMeHTanbHbix 

cneKTpoB nponycKaHHfl, caMOHHAHKauHH h ceMeftcTBO KpHBHX, nocrpoeHHWx 

Ha ooHOBaHHH ypaBHeHHH ( 4 ) ,  ( 5 )  ana  ypoBHst npa = 19,3 3 b .  H c n o n t-  

a o B a H H e  s b i p a J K e H H l l  ( 2 ) ,  (3)  a a h  cnynaa "TOHKoro" oSpaaua (ycnoBHa 

f « f  H r  « r  BbinoAHSHOTCH AAH BCex ypoBHeft ypaH a-235) nosBOAHeT
n o n e  p

onpeAeAHTfa BeAHHHHbi r  , r  H a = — . flonnAepoBCKafl uiHpHHa
0 • f 0 c

npHHHMaAacfa pasHOH A=0,0211\/E. AHanorHHHbie pacHexbi napaMexpoB ypoB-  

Heil H30TOA0B U —234 ( Ep =  5,19  s b )  h  U—238 ( Eg =  6,68  s b ) ,  npw-

cyTCTByiomHX B oSpasuax, noxaaaAH, nro HcnoAbayeMbifl m 6 t o a  o6pa6oTKH 

HBAHGTCH AOCTaTOHHO HBAeJKHblM. B TafiA. 2 AAH CpaBHeHHH npHBGAeHbl AOA; 

HeHHbie B HacTOflmeii pa6oTe napaMexpbi s t h x  ypoBHeft h  napaMerpbi, b 3 h -

/ 1 3 /  „Tbie H3 ATAaca HeHrpoHHbix ceneHKH . B haho, h t o  peayABTaTbi xop o-

mo corAacyiOTCH Me*Ay co6 oh.

B Ta6A. 3 npHBOAeH noAHbiii aaSop napaMerpoB ypoBHeS ypaHa-235 

(KpOMe CAHHa) B SHepreTHHeCKOH o6AacTH 2i-50 SB. IleAHTeAbHaH UIHpHHa 

6biAa ADAyHeHa h3 BbipaweHHH F, = F /( l+ a  ) , a noAHaH paAHauHOHHaH -

H3 r  = r-P ^  - 2 g F ^  . Aah ypoBHeft c HeHaeecTHOH noAHOft uiHpHHoit

p a A H a A H O H H a f l  l U H p H H a  n p H H H M a A a c b  nocTOflHHOH h  p a B H O H  < r ^  >  = 43 M s b  

( < r  > -  cpeAHee anaHeHHe, noAyHeHHoe no 34 ypoBHHM c SKCnepHMeHTaAb-
C

HO onpeAeAOHHOH paAHaUHOHHoft mnpHHofl), a F = F  / a .
f  C

ypOBHHM, ana  KOTOpbIX cF  HGB03M0KH0 6bIAO OnpeASAHTb H3 H3-
® n

MepeHHH noAHHX ceHeHHH, npHnHCbiBanocb aHaneHHe a F =ct F  + ctF ,
0 O f  G o

T a x  KaK F , h  S  =  {a^  E ^ + ^F  ̂ )/4n-'Xg ,  T A P  2 n ^ g  -  a a h -

Ha BOAHbi H e i i T p o H a  n p H  s n e p r H H  ,

2 .  n  A y T O H H fl- 2 3 9 .  B H3MepeHHHX HCnOAbSOBaAHCb MeraAAHHeCKHe 

o6pa3Abr nnyTOHHH c coAep>KaHHeM nnyTOHHH-239 97,5%. TonmHHbi odpaauoB 

npHBeAeHbi b Ta6A. 1. Ochobhmm hctohhhkom iJioHa hbahaocb cnoHTaHHoe 

AeneHHe Pu —240 , npHcyTCTByioiAGro b  o6pa3ue. yposeHfa ^ H a  bo BpeMen-
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Hbix cneKTpax fleneHHH h pannauHOHHoro a a x sa r a  He npeBbiman cooTBercT-  

BeHHO 15 H 30% OT CHOTa B peaoHaHce npa E  ̂ = 7 ,83  3b ana  HcnoJit-

syeMbix TonmHH oSpaauoB. Ha pHC. 3 ana  HnnrocrpauHH npHBeaeHbi ynacTOK 

SKcnepHMeHTanfaHoro cneKrpa caMOHHflHKauHH h nponyCKaHHe ana  ypoBHH 

npH E g  = 7 ,83  3b.

Ha Bbipa>KeHHH ( 2 , 3 )  mwkho onpeaenHTb eeJiHHHHbi / F  , F̂  / F  

H, cneaoBarenbHo,  F a F , aaa a  aa aaMepeHaii nponycKaHafl g Fn
f  C D  I*

a F .

Zina cjiaSbix ypoBHeft (F  < F  ) g F onpenejianocb ra x  we, xax a
n c ® n

na ypaHa-235. B Ta6n. 4 npasefleHbi napaMerpw ypoBHea nnyTOHaa-239 

B 3HepreTHHecKOH o6nacTH 5 b 85 3b. HcnoJibaoBaHHaa b pacHerax flonnne-  

poBCKaa mapHHa paBHa A =  0,0208 \/E

3. y p a H - 2 3 3 .  B aaMepenaax acnonbaoBaJiacb oSpaaubi ypaHa-233 b 

BKfle GKaca-aaKHca, HaHeceHHoa na anroMHHaeByio 4)onbry. TonmaHbi o6paa-  

UOB yxaaaHfai b  Ta6n. 1. OnacaHHyio MeToaaKy aaMepeHaa aKxoB neneHaa  

a paflaaaaoHHoro a a x sa x a  HeB03MO>KHO Sbino npaMeaaxb b  naHHOM cnyaae  

aa-aa  BbicoKoro ^oaa  wecxKoro y -aanyaeHHa floaepHax nponyKXOB p aaao-  

aKXHBHOH nenoHKH pacnaaa ypaaa. noaxoM y aanau\e o napaMexpax pana 

canbHfaix a xopomo paapeuieaabix peaoHaHCOB yp an a-233 ,  npaBefleaabie b 

xa6ji.5, conepw ax xonbKo noJiyaeHHbie aa aaMepeHaa nponycKaHaa BejiaHaHbi

ffP h F b SHeprexHHecKOH oSnacxn 0 , 5 b 2 0  3b. Ha pac, 4 noKaaana
’ " - 4
p a B a a  nponyCKaHaa o 6 p a a u a  y p a H a - 2 3 3  ( n  ̂ = 4,9*10 a n /6 a p H )  b  a c -

cjieaoBaHHOH o6nacxa SHepraii. HcnonbaoBaHHaa b  p a caexax  flonnnepoBCKaa

mapHHa pasHa 0,0212 V eT

HH4)opMauHH, HonyHeHHaa ana F—233 b Hacxoamax aaMepenaax, aMeex

orpaHaHeHHbia xapaxxep a neflocxaxoHna ana npoBoaaMbix nawe oScywaenaa,

3 x a  o6cy>KaenHa xacaioxca  b  ochobhom cbohcxb ypoBHea E —235 a Pu—239.
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0 6 cY>KaeHHg

1. H e i i T p o H H b i e  u i h p h h h  h c u n o B b i e  (})yHKUHH.  B c e n e -  

HHHX U —235 H Pn—239 noflTBep»HeHo HaJiHHSie c n a S w x  ypoBHefi c o o x B e x c T -  

BeHHO npH E ,  = 9 ,7 ;  1 0 ,6 5 ;  1 1 ,0 5 ;  2 1 ,8 5 ;  2 2 .4  s b  h 1 1 ,5 ;  4 9 ,6 ;

5 8 , 6 ;  6 3 ,4 ;  6 9 ,9  s e ,  o6Hapy>KeHHbix b paS oxax  aexopoB

Hpi-i p a c a e x e  Ba>KHOH ajih x e o p n a  a n p a  BeJiHHHHbi -  cHnoBoii (|jyHKUHH 

S  ̂ , onpeAGJiHKimeH BepoaxHocxB "npn/i«naH H a" e  ceHeHHH o6pa30BaHHH

c o c x a o H o r o  n n p a ,  HcnoJibSOBanca Mexofl onpefleneHHS MaKCHManbHO npasH O -
^ 1 7 /  rrn o n o o H o ro  SHaaeHHa S p  , npeAno>KeHHbiH b  p a o o x e  . llojiyaeHUbie

3HaaeHHa CHJioBbix (jjyHKUHii a na  E -2 3 3  ,235 a P u —239 paB Haroxca c o o x B e x -  

cxBeHHo Sp = ( 1 ,3 9  ^ ° ’gg  ) . 1 0 " ^ ;  ( 1 ,2 9

OiuHOKa oOycJ iOBneHa b  o c h o b h o m  cxaxHCXHKOH HHCJia HaOn io nae Mb ix  ypoBHeH.

C p e A H e e  p a c c x o a H H e  Me>KAy ypoBHHMH (S ea  paaAeneHHa n o  cnHUy)  cocxaB -

naex a a h  U —235<D>= 0 ,63+ 0 ,05  sb h a a h  Pu—239<D> = 2 ,68+ 0 ,25  s b .  O u i h S -

Ka BbiHHCAHAacb AAH p a c n p e A e A e H H H  p a c c x o a H H i i  Me>KAy ypoBHHMH n o  B a r -

He py a  xaK>Ke s a B a c e A a  b o c h o b h OiM ox  a a c A a  p a c c M a x p a B a e M b i x  ypoBHef i .

PaccHHXaHHbie S p a na  lJ -235 « P u -2 3 9  c o rA a c y ro x c a  b npoAOAax omaSoK

CO 3HaHeHHHMH, noAyHeHHbiMH a s  anaA H sa  cpeAHHX ceneHaH norA o m eH aa  H e i i -

/ 14 /
xpoHOB B oSAacxH SHeppaH 0 ,3 -3 0  k 3b  . C K c n e p a M e n x a A b H b i e  p a c n p e -

2
AeneHHH npHBeAeHHbix HeaxpoHHbix mapaH x op o m o  onacbiBaioxcH x  - p a c -  

npeAeAOHHeM c h h c a o m  c x e n e n e a  CBoSoAbi , S a h s k h m  k 1. BeAHHK

Ha 12 Sbina noA yaeHa a a  cooxH om eH aa
n

< ( I i I ?  = (6 )
<2gT'’ >

a pasHHAacb 1 ,0+ 0 ,1  a a h  U—235 a 1 ,2 + 0,1 a a h  P u - 2 3 9  , a  cpeAHae

npiiBeAeHHfaie HeilxpoHHbie m apanbi -  < 2 e r °  > = 0 ,107+ 0 ,017  Msb aD p  —
0 ,8 4 + 0 ,2 1  M 3 b cooxBexcxBeHHO.
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2 . r i o j i Ha H p a f l H a u H O H H a a  m n p H H a .  CpeflHHe SHaHeHHH noaHoJi

paflHauHOHHOil uihphkh <F^ > paBHHKiTCH 43+2 MSB flaa U —235 (34  ypoBHS

c onpeneaeHHHMH paflaauHOHHUMH mnpHHaMH) h 41+2 msb aaa  Pu—239 ( 29

ypoBHefi), TaK KaK noaHaa paflaauHOHHaa mapHHa aaa  Ka>Kfloro ypoBHa aB-

a a e r c a  cyMMoii 6oafamoro HHcaa napuHaabHfaix -mnpHH, to c a e a y e r  OKHflart

HOBoafaHO ysKoro pacnpeaeaeHHa paflHauHOHHbix mnpHH oTHOCHTeatHO c p e a -

Hero SHaaeHHa no boom paccMarpHBaeMbiM ypoBnaM. B cooTBercTBHH c 4>op-

MyaoH (6 )  sKcnepHMeHTaabHbie pacnpeaeaeHHH noanbix paaHauHOHHbix mnpHH

oHHCbiBaioTca -pacnpeaeaeHHaMH c u 30  aaa  U —235 h v 80 aaa

Pu-239- C aen y er  oTMeTHTb, nro  ysKoe pacnpeaeaeHHe panHauHOHHwx mnpHH

na Pu-239 xopomo cor a a cy e T c a  c npeaoKasbiBaeMbiM Teopneft aHaaeHHeM 
/16  /V = 100 , HO aaa  U—235 u aaMerno Menbme npeacKasbiBaeMoro. B o -

c °
a e e  mnpoKoe pacnpeaeaeHHe noanbix panHauHonnbix mHpnn aaa  U—235 mojkgt 

SbiTb CBaaano, b aacTHOCTH, c tgm , hto cpeanne paAHauHonnbie mnpHHw 

OTaHHaioTca ana a sy x  coHHOBbix cocroanHH.

3. f l e a H T e a b n a a  m n p H n a .  Hpn aeaennH HeTHO-neTHbix cocraBHbix 

aaep pesonancHbiMH HeiiTponaMH sn ep rn a  ceaSH neflTpona nesHaHHTeabno 

(na 1+1 , 5  Ms b ) npeBbimaeT HanHHSmHii aeaHTeabnwii nopor, B stom c a y -  

Hae KBaHTOBbie cocToanHa n ep exoan oro  aapa npn KpHTHHecKofi ae(})opMaaHH 

(xanaabi) b ochobhom cooTBeTCTByioT KoaaeKTHBHbiM aBHxteHHaM, tbk kbk 

H3-3a nanHHHH snepreTHHecKOii meaH Kaaaabi nyKaoHHoil h KoaaeKTHBHoft 

npHpoabi paaaeaenbi TaKwe na BeannHny nopaaKa 1,5 Ms b . HHcao aocT yn-  

bix KanaaoB b n peaeaax  snepreTHHecKoii meaH orpaHnneHo no c nHny( J )

H HeTHOCTH (n ) H Mo>KST 6biTb cBHSaHO c noBeaeHHOM aeaHTeafaHbix 

mnpHH pesonaHCHbix ypoBHeii.

TaK, cp ean ee  anaHeHHe aenHTenbHoil mHpHHbi y « e  coaepxcHT HHcjiopMa- 

UHK) o xapaKTepHCTHKax aeaHTeabHbix KanaaoB co raacn o  HSBecTHoii ({lopMy-
-  V • / 1 8 /ae B o p a -y n a e p a
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< r ' ’" >  S P ( E , E  ‘ , E '
2 „ 1=1 f o u r v

rne

, . 2 ;7 ( , e 1 - E )  - 1
P ( E , E ; , E '  ) = [ l  + exp ---------- L---------  ] . / = )

f  C U P V  E
c u r v

3flect> g  -  Bbicora 6apt.epa i -T o ro  KaHana fleneHHH, OTCHHTanHaa o t  

ocHOBHoro cocTOHHHH cocTaBHoro sflpa, E* -nap aM erp ,  xapaKTepHsyio-
c u r v

iHHfi KpnBH3Hy BepiuHHbi napaSonbi, annpoKCHMHpyiouieH (jiopMy 6apbepa  

( E * « 0 ,6  Ms b ), P ( E , E ‘ , E ' ) -  npoHHuaeMocTb i -T o ro  Kana-
c u r v   ̂ o u rv  ^

na. TaKHM oSpaaoM, Benn'iHHa (i/ ) = S P (E ,E '  , E* ), o6biHHO
1 i = l  f c u r v

HaabiBaeMaa "mhcjiom oTKpbiTbix KaHajioe", no CBoeii (|)H3HHecK0H cymHocrn

xapaKTepH3yeT "creneHb oTxpbiTOCTH" KaaanoB nejieHHH h TonbKO b cnyaae  

nonHocTbio oTxpbirbix KananoB (npoHHUaeMocTb Ka*floro Kanana paBHa 1) 

MOKGT flaTb CBeneHHH o HHcne KananoB.

KpoMe Toro, H3 caMoro Buaa crarHCTHHecKoro pacnpeneJieHHa flSJiH- 

TenbHbix lUHpHH Mo>KHo TaKwe H3BneMb HH(})QpMauHio o HHcne KaHanoB, flara- 

uiHx BKJian B n pouecc aeneHHa cocraBHoro aapa c naHHbiMH KOMSHHauHaMH 

cnHHa H aeTHOCTH, Tax Kax h3 orpaHHHeHHOcTH ancJia otkphtmx KaaanoB 

cn ef ly eT  BbiBOfl o ManoM HHcne CTeneHefi CBo6onbi CTaxHCTHHeCKoro p a c n p e -  

fleneHHa aennTenbHbix uiHpnH n, cne/joBaTenbHO, o6 hx cnnbHbix (JinioKTya- 

UHax OTHOCHTenbHO cpeflHoro SHaaeHHa.

T a x ,  npHMeHeHHG Bbipa>KeHHii ( 6 , 7 )  x CHCTeivie ypoBHeii 5 e 3  p a a a e n e -  

HHa n o  cnHHy n a e x  cnef ly ram ae  o naa eH H a  a n a  " c ren e H H  o t k p b i t o c t h "  x a n a -  

noB ( 1/ , ) , H a n c n a  oTxpbixbix x a n a n o B  ( v , )„  : ( v , )  , =
9(J) J 9 (p  2 3(j) I

= 0 ,5 7 + 0 ,1 4 ; ( , )o = 4 ,6+0 ,8  ana U-235 u ( ^  , )  , = 0 ,4 0 + 0 ,1 5 ;
-  3 (p  -  3Cp 1 -

( V , ) = 1 ,0 + 0 ,2  aaa  Pu-239.
3(p 2
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nonyneHHoe HHcno ompbiTfaix KaHanoB ana  U —235 h Pu—239 HaxoflHTca
/ 1 9 /B xopoineM cornacHH c npennoKosHOH b paooTe cxeMon ypoBHGH n e p e -

xoflHoro Hflpa npn KpHTHHecKOit fle(j)opMauHn, h3 KOTopoft cn en yex ,  h t o  b 

npeflenax SHepreTHHecKoil mena HecxoJibKO ypoBHeJi cooTBexcTByiOT c o c t o h -  

HH3M 3 H 4 ( u —236 ) H TOnbKO flBa y p O B H a  -  COCTOflHHSM o'*” H l"^(Pu—240),

npHHGM nocJieflHHH JieJKHT Ha 100-200  ksb Buiue aneprHH cbssh  HefiTpoHa.

4 . C n H H bl ypOBHGH,  OflHHM H3 OCHOBHbIX BOnpOCOB, HByHaGMblX

MexoflaMH HeiiTpoHHOH cneKxpoMeTpHH, aBJiflercH Bonpoc o cnHHOBoii 3aBHCH-

MOCTH napaMexpoB aaepHbix ypoBHeiu SnaHHe c n H H O B  (a napaMeTpoB) aeJia-

Haxca aaep ocoSeHHO Bawno noTOMy, h to  no3Bonano 6m sKcnepaivieHTanfaHO

onpeflenaTb cnexTp ypoBHea (KaHanoB) nepexoaHoro aapa a aayaaTb cboh-

cTBa n poaecca  aea e a a a ,  aaym ero aep ea  KaHaaw c onpeaeaeHHbiMa chhbom

a HeTHocTbw, ripaMoe onpeaenenae g -4)aKTopa aa aaMepeHaa peaoHaHC-

Horo pacceaHaa HeaTpoHOB aMeex orpaHHHeHHoe npHMeHenae a a -a a  Maaoa

BenaHHHM no cpaBHeHaio c a F  ̂ ana 6 onbmaHCXBa ypoBHeii

F—235 K Pu—239 n ManoU paaHaubi b BenaaaHe g ( 9 / 1 6  a 7 / 1 6 )  ana

aayx  cnaaoBbix coctohh hh  U—235 . l loexoM y npeacxaBnaex an xep ec  KOCBeH-

Haa aHtt)opMauHa o cnaHOBoii aaBacHMocxa napaMexpoB ypoBHeii aenam axca
/ 5 /aaep. Kax y>Ke oxMenanocb b pa5oxe aBxopoB , no-BHaaMoMy, caeacxB H -

eM CHHHOBoil aaBHcaMOCXH F, aBnaexca aByrop6ocxb b pacnpeaeneHaa

F̂  ana F—235 (p a c .  5 ) .  OpaHeM xapaxxep  pacnpeaeneHaa F , hg

aaMGHaexca b SHeprexaHGCKoa o6nacxa ao  30 ea a ao 50 bb a, c n e a o a a -

xenbHO, He aanaexca cneacxBaeM CHCxeMaxanecKHX norpeuiHocxeft, Koxopbie

Morna 6bi B03HHKHyxb c yxyameHaeM eHeprexaaecKoro paspemeHaa. 3 x o

pacnpeaeneHae mokho paccMaxpaBaxb xax HanoxeHae aayx  nepeKpbiBaromax-

c a  p a cn p eaen eH a a  co  cpeaHaMa < F ^  >^ = 8 7 + 2 0  M sb  a <F^ >  ̂ ~ 26+6 M sb .

SHaHGHHH < F̂  > no HByM rpynnaM ypoBHea xopomo cornacyioxcH c x e o p e -

THHecKHMa ouGHKaMa cnaHOBoft saBHCHMocxa cpeanax mapan nenenHa ana  
,, / 20 /
U -2 3 5  a nosBonaiox ycnoBHO npanacaxb rpynne c <I , > j  cnan
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J = 3 “  , a rpynne c < r .  '>„ J = 4 “ . 3 t o  raK>Ke noflTBepjKfleno npsMbiMH
I 2

H3MepeHnaMH cnHHOB ypoBHeil npn Eg = 8 ,78  sb  ( J = 3 “ ) h Eq = 1 2 ,3 9 sb

( J =4~ )  . C jien yer OTMexHTb TaK*e ynoBneTBopHTenfaHoe, b  npenenax t o h -

HOCTH SKcnepHMeHTa, cornacHe flaHHoro cnHHOBoro paaneneHHa ypoBHeH c

HSMepeHHflMH OTHOCHTenbHOrO BblXOfla OCKOJIKOB CHMMeTpHHHOfi MaCCbl, KO- 
c  / 2 2 /TopbiH corJiacHO O. B opy , xaxw e CBflsan co  cnnHOM KanaJia aeneHHa.

H cnonbsya  nonyneHKbie b  HacToamen pa6oTe napaMerpbi ypoBHeft 

P u -2 3 9 ,  MO*HO onpeaeHHTb g -tJiaKTop ana ypoBHen c 6oJibiuHMH F,, b  

npennono>KeHHH, h to  F^ -  BenHHHHa nocToaHnaa. T orn a  b  cooTBeTCTBHH 

c cooTHomeHHeM p _ F - F ,  —( 2 g F  / 2 g )  mowho npHnncaTb ypoBHaM npn 

E, = (44 ,8  3 b ) ;  (5 0 ,1 8  3 b ) ;  52,8  3 b ; 6 3 ,4  3 b ; 66 ,2  3 b ; 75,6  3 b  cnHH

1^ ( g = 0 ,7 5 )  H E ( 41, 68 3 b ) ,  cnHH 0 ( g ~ 0 , 2 5 ) .  (B CKo6Kax

npHBeaenbi 3HepPHH ypoBHeii, nna KOTopwx on peaeneaae cnnHa ne HBJiaerca 

OflHOSHaHHblM) .

rionyHeHHbie aHaneHHa cnnHOB xopomo cornacyioTca c peaynbTaraMH 
/ 2 3 /paSoT , B KOTopbix onpeneneHbi cnnHbi Sonbmoro HHcna ypoBHeii Pu—239

H3 H3MepeHH0 peaoHaHCHoro pacceaHHa h nponycxaHHa neHTpoHOB.

B COOTB6TCTBHH c npHBeAeHHbiM Bbime cnHHOBbiM paaaeJieHHeM ana  

F —235 H Pu-239 mojkho oueHHTb cpeanne xapaKTepncTHKH ypoBHeii aeyx  

cnHHOBbix COCTOHHHH. Hs aaHHbix Ta6n. 6 cneayeT, hto cpeaHne paanaiiHOH- 

Hbie H HeHTpoHHbie mHpHHbi H jjna 11—235 h ana Pu-239 He OTaHHaioTca

B npeaenax omH6oK, cnaoBbie cjiyHKUHH ana U—235 TaxjKe onnnaKO-

Bbi, HO ana Pu—239 oTannHe BbixoaHT aa npeaeabi omndoK, npHHei

naoTHOCTb ypoBHeil KaJKaoft cnHHOBoS CHCxeMbi npHSnnaHTeabHO nponopuHO-

HanbHa ( 2 J + 1 ) ' ' *  . TaKHM o6paaoM, h o t  ocHOBaHHii ana yTsepKaeHHa,
7 2 4 /  ^ 0  J   ̂ J

coaep>Kameroca b paooxe , hto <F > h S ana a sy x  cnnHOBbix
n 0

CHCXeM ypoBHeii U —235 Moryx oxnHHaxbca b  »»5 paa.

5 . K o p p e n a u H H  n a p a M e x p o B  y p o B H e H .  flo  nacxoam ero Bpe­

MeHH He Sbino BbicxaaaHo HHKaKHX xeopexHHecKHX coo6pa>KeHHiS o b o 3 m o >k -
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HoH CBH3H MeJKflv napBMeTpaMu r  ° , r  H r  OTflenfaHoro ypoBHH.
n  f  °

B c e  3TH cnocoSbi pacnafla coctohhhh cocTaBHoro aapa CHHTaioTCH HeaaBH-

CHMblMH, H COOTBeTCTByrolHHe UIHpHHbl OT ypOBHfl K ypOBHKD 4)nK>KTyHpyK3T

TBK>Ke coBepineHHO HeaaBHCHMO.

Zina cHCTBMbi, coflepwameii "m " nap aHaHeHHii aayx  cn y -

HaftHbix BenHHHH, Koa^nJiHHHeHT KoppenauHH onpenenaeTCH cneflyiofflHM o6pa- 
725/

3 0 M  :
m  m  m

[m 2  r  r  -  2  r  2  r  ]
1=1 I’* i = i  1=1 *>i

r = ------------- -̂--------------------------------------------------------------------------, (8)
a b  m m m 2 2 ]4

1 [ m 2 r " -  ( 2  r , ) ][m 2 r  -  ( 2  r  ) ] i
1=1 1=1 1=1 b l  1=1 b i

rae  r  , r  -  nio6bie napw napunanbHbix mapHH i - T c r o  ypoBHa. P a c -
a t  b l

CHHTaHHbIG B C00TB6TCTBHH C BbipaiKeHHeM (8) r paBHbll

U-235 r ( 2 g r “ , r  ) = -0 ,0 4  +0,18;
n f —

r ( 2 g r " ,  r  ) = 0,40 + 0,34;
n o  **“

r ( r  , r  ) = 0,11+ 0,26 ;
f o

P u-239  r ( r “, r  ) = 0,30 + 0,29 ;
n f =

r ( r °  , r  ) = -  0,09 +0,5 1 ;
n o

r ( r  , r  ) = 0,03 + 0,61.
f  o

yKaaaHHbie o m n 6 K H  BRnroaaKDT xax aKcnepHMeHTanbHbie ouihSkh HaMepe­

HHa napaMBTpoB ypoBH eftAF^j, , Tax h CTaTHCTHaecKHe ouihSkh, CBaaan-

Hbie c BenHHHHoit m . TaKHM o6pa30M, m okho yTBepwaaTB, h to  b  n p ea e-  

nax ouih6ok r = 0  h oTcyTCTsyeT KaKaa-nH6o CBaab Me*fly BbixoAHbiMH

KaHanaMH pacnaaa cocToaHHH cocTaBHoro aapa, hto noaTeepiKaaeTCH TaK-
/2 7 7  „ .  7 1 /  „ ,>Ke B pa6oTe . 3 t o  npoTHBopeHHT BbiBoay paooTbi , b  kotopoh  nao-

17



nioAaerca KoppeJiauHfl Mewny T “ T , fl-ia U —235 { r « 0 ,6 5 ) .  B
« /2 5 /  ° , ,p aooxe xaK>Ke noKaaaHO, h to  npa oxnHHaiomeMCfl ox ayna K03(pq)HUHeH-

xe KoppeJiHUHH MGWfly paanHHHbiMH luapHHaMH m o>kho cnenaxt. BbiBon o cpea-

HHX peaoHaHCHbix n a p a M e x p a x  ana  a ey x  coHHOBbix c h c x b m  c o c x a s H o r o  an-

p a .  fljia  x a K o ro  B biB oaa  HeoSxoflHMO aaaxB aocxaxoHHO xohho n ap aM ex p w

SoJibiHoro HHcna ypoeaeft (n e  MOHee 100) h 6bixb yBepeHHbiM, h x o  b  p a c -

CMaxpHBaeMOH SHeprexHHecKoil o6nacxH Hex nponymeHHbix peaoHancoB, xax

KaK 3X0 nocnenH ee oScxoaxenbcxBO Mowex npHBecxH k noaBJieHHio no>KHoi4
^  ® r  «  /2 0 /KoppenaiiHH Me>KAy p ,,  ̂ f > oxMenaJiocb b paooxe

KaK HOKaaaHO Bbim e, HeaocxaxoHHbie xohhoctb  h KOHHHecxBo SKCoepnMeH-

xajibHbix aaHHbix noKa erne hg noaBonaiox o u e H H X b  xaxHM MexoaoM paanHUy

cpeflHHX napaMGxpoB a a y x  cnHHOBbix c h c x b m ,  npHHHMaa bo SHHMaHHe, h x o

3xa p a a H H u a ,  no-BHAHMOMy, neBenHKa (flJia < 2 g F ® >  h  < r g >  ) .

B aaKHioHeHHe asTopbi BbipaiKaiox OnaroaapHocxb npoiji. UlanHpo

aa BHHMaHHG K p aSoxe, H.B .  KHpnHHHHKOBy h KD.C. SaMaXHHHy aa oOpaa- 

Hbi, A .B . rionoB y aa npenocxaBneH H yio BoaMOMHOCxb npoBeaeHHa HaMepeHHii 

Ha HeiixpoHHOM a ex ex x o p e , KD.H. KonrHHy h T .C .  AiJiaHacbeBoii aa noMomb 
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TaOnnua I

XapaKiepHCTHKH oCpaapoB yp an a-233 , ypaaa-235 h 
nayioHHH-239

^ '^ P H s u e p e H H S
M a o io ils .

[ fleneH H e,
paflHailHOHHblK

sa x B a T
IlponycK aH H e CaUOHHflHKailHSI

ypaH-233
(TOJHUHHa

H s e p -d a p H )

2 ,5 .1 0 "^
4 ,9 .1 0 "^
7 ,1 .1 0 “^
9 ,7 .10"^

ypaa-235
(TOBlUHHa

H se p /C a p H )

8,31.10"^
4,27 .10“^
2 ,14 .10“^
■I,30.I0"2
2,20.IO “2

4 ,27 .10"^
2,14.10"^
1 ,50 .10“^
2 ,2 0 .I0 "2

> \ =  2 ,14.10"^ 
2,27.10"^ 

n^ = 4 ,27.10"^

IlByTOH0a-239
(TOJIUtHHa
H s e p /d a p H )

2,85 .10“^
5,88.10“^
8,8.10"'^
1 ,28.10“^
2,70.10"^

2,85.10"^
5,88 .10"^
1,28.10"^
2,70.10"^

= 1,28.10"^ 
rtr  = 2 ,85.10“^ 

= 5,88.10"^ 
= 1,42.10"^

Ta6JiHqa 2

IlapaueTpH peaoHancoB ( /-2 3 4  h U  --238

iiaoTon ypaH-234 (E^= 5,I93b) ypan-238 (E^= 6,683b)

llapaMeipti
f l 5 j

^  = 29+6 USB 

Q, = ^»I+0»5 U S B  

= 25+6 USB

r

n.

= 27,5+2,0 MSB 

= 1,52+0,02 MSB 
= 26+2 MSB

HacTOHman
jjaSoTa

r '  = 29,4+4,7msb ^  
'X  = 3 , 8 8 + 0 , 3 5  M SB ^  

=25,5+4,7 M SB / I

= 27,5*2,3 MSB 

= 1,49+0,03 MSB 

= 26,0+2,3 MSB
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TatfJiHiia 3

napaMeipii yposHea ypaHa-235

E .
6 ; ^

S' Oy jb H  3 i

0,290*+0,0I0 0 , 003240,0005
I,I35*+ 0 ,0 I0 0 , 015440,0011
2,026+0,004 1,47+0,05 4 , 140,6 4 , 9440,49 5 , 5740,60 0,007740,0008
2,84iO ,02 1,15+0,03 0,35+0,14 1 , 540,3 0,0033+0,0007
3,136+0,006 7,9+0,6 2,6+0,4 12 ,2740^54 10 , 540,8 0,029640,0013
3,584+0,006 10,3+0,5 6,4+0,7 19,0140,65 16,740,9 0,052440,00]
4,81+0,01 2,6+0,2 16 , 840,9 16 , 740,7 1 9 ,W , 9 0,06X640,002-
5,^5 2,1+0,3 4 , 041,3 4 , 840,9 6 , 141,4 0 , 02340,003
5,82 I , 6+0,5 I,0 + 0 ,7 2,640,9 0,01240,004
6,20+0,01 4+1 2,2+0,8 6 , 341,2 6,241,3 0,029i40,0055
6,40+0,01 11,5+0,4 534S 47 , 143,3 6546 0,23240,016
7,095+0,015 9,1+0,4 I 34I 20,5+0,7 2 2 , 141,0 0 , 111640,0036
8,77+0,02 106+4 58+5 182 , 045,3 1 6 ^ 6 1 , 22840,036
9,30+0,03 13,1+0,5 6 , 840,9 18 , 340,8 2O4 I 0,13140,006
9,73+0,08 4 ,3 + i,0 241" 6 , 341,4 0,04740,0X5
10,20+0,03 4,6+0,6 4 , 040,8 8 , 440,8 8 ,641 ,0 0,06640,006
10,65+0,06 -V 2" ~ I ~3 ~ 0,025
II ,0 5 ~ ~ 2 ^^3 -  0,026
11,66+0,04 10,3+0,3 6345 67 , 642,7 7345 0 , 60640,024
12,39+0,04 47+2' 85+5 124 , 943,7 13245 1,19040,035
12,82+0,04 3,1+0,4 1 , 940,6 3 ,840',6 5,040,8 0,03740,006
13,28+0,05 3,0+0,5 2 , 640,8 5 , 340,6 5,640,9 0,05440,006
I3 ,6 7 i0 ,I0 3,7+1,5 I , 5+0,8 5 ,242,1 0,05540,023
13,98+0,05 30+7 7+3’ 3748 0 , 4040,09
14,50+0,06 7.3+1.9 8;742,7 9 , 741.3 I 643 0,X 0i40,0I4
15,42+0,05 10,4+0,4 I 24I 19 , 940,8 224I 0,23640,0X0
16,08+0,05 9,6+0,3 20+2 28,1+1,1 29 , 642,0 0,34840,0X4
16,66+0,06 13,7+0,6 94I 21,740,8 22,741,2 0,27840,0X3
16,9+0,1 ~ I ~ '3 /V ^ 0,05
18,05+0,06 17,3+0,7 942 27 , 241,6 2 6 , 342,1 0 , 37840,022
18,6+0,1 /V/ 3 ~  2 ~  5 ~  0,0?
19,30+0,05 II2+4 9O4 IO 223 , 047,8 2024I I 3,3I040,XI6
2 0 , 1040,08 3,5+1,3 2 , 541,4 6 , 041,9 0 , 0940,03
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r
. 2 Z

135+8 ioq+8 35+3 0,35 1,81
157+11 II5+I0 42+5 0,37 1,78
57+14 15+5 42+5 2,8+0,3 0,64+0,05
186+48 143+48 43+2 0 ,3 + 0 ,I 1,88+0,15
129+17 97+18 32+10 0,33+0,08 1,8440,11
80+7 49+7 3Ii6 0,6240,09 1,5140,08
29~8+6,5 3,9+1,0 25,9+3,6 ^ + 0 ;9 0,33+0,04
7 0 i2 0 24+7 46+16 I , 9+0,4 0,84+0,12
110+35 67+34 ■43+2 0,64+0,30 1,4940,27
132+24 85+24 47417 0,55+0,15 1,57+0,15
63+11 II+3 52+10 4,6+0,6 0,44+0,05
53+4 22+4 3146 1,440,2 1,0240,09
iia + io 76+10 4247 0,55+0,07 1,5740,07
172+56 115+44 57420 0,5040,09 1,6340,10
137+60 94+60 4342 0,46+0,27 1,6740,31
88+13 47+14 4149 0,8740,13 1,3140,09

^  129 ~ 8 6 4342 0,5 1,63
65 ~  22 43+2 ^  2 ~  0,81

66+7 9+1 57+7 6,20+0,67 0,34+0,03
66+6 24+4 42+3 I , 8+0,2 0,8740,06
85+23 52+19 33414 0,63+0,16 1,5040,15
122+24 65i20 57419 0,8740,22 1,3140,15
145+41 102+41 43+2 0,42+0,15 1,7240,11
230+98 187+98 4342- 0,2340,11 1,9840,18
62+10 28+7 34+8 I , 2+0,2 1,1X40,10
99+17 47+10 524II i , i i o , i 1,1640,06
44+10 14+4 3048 2,140 ,2 0,7940,05
93+19 55+15 384II 0 ,740,1 1,4440,09

~  ?7 ~  14 43+2 ~  3 0 ,61
141+23 94+21 47414 0 ,5 + 0 ,I 1,63+0,11
~  115 -  72 43+2 ~  0 ,6 1,53
104+6 58+7 4646 0 ,8 + 0 ,I 1,36+0,08
104+29 61+29 43+2 0,7+0,3 1,44+0,62
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n p o A o n em ie  la d x m u  3

E , E a . p  H

20,62j;0,06 5,8+0,8 10,4+2,2 16,2+2,3 0,25+0,04
21,13+0,05 33+1 53+10 87,2i 5,5 86 iI0 1,418+0,090
2 I ,8 iO ,I ~  I ~ 0,02
22,4+0,1 ~  I -  0,02
22,99+0,06 13,0+0,3 16+3 2 4 ,2 il ,8 29^3 0,428+0,031
23,43+0,15 4,5+0,9 2 6 ^ 3 0 ;5 i8 ,I 0,55+0,14
23,6810,07 30+7 1915 50,7+9,3 49+9 0 ,9 2 ^ ,1 6 9
24,25+0,07 7,5+3,0 1015 17,913,0 17,5+5,8 0,33410,056
24,4110,15 3,911,5 3,9+1,9 7 ,8+2,4 0,14+0,04
25,1610,16 7 ,412,5 4,111,8 11,5+3,1 0,22+0,06
25,5610,10 II+4 20+9 3 1 .^ 9 ,5 3 I iI0 0,628+0,188
25,8410,15 3,0+1,5 2,4+1,5 5 ,4 + 2 ,I 0,11+0,04
26,55+0,07 15+3 6,212,0 21,8+3,7 21,2+3,6 0,446i0,076
27,16+0,07 3,9+1,6 4 ,612,1 8,5+2,6 0,18+0,06
27,8610,07 18+2 8+2 26,6ir3,I 26i3 0,570+0,066
28,4510,09 4,6+1,0 3.2+1,2 7,8+1,5 0,17+0,03
28,8510,09 2,0+0,7 2,7+1,3 4 ,711,5 0,10+0,03
29,6910,09 3,0+0,6 5,3+1,4 8,311,5 0,19+0,03
30,5510,20 4 ,110 ,9 5,4+2,0 9,512.2 0,22+0,05
30,8610,10 6 ,811 ,5 8 ,613 ,4 16,4+3,7 0,40^0,09
32,1010,09 38+5 42+6 74,1+6,5 80+8 1,83+0,16
33,5810,09 2615 41+6 72,017,7 6718 1,8610,20
34,4510,14 3215 48112 80+13 2,1210,34
34,9+0,2 13+4 2119 34110 0,9+0,3
35,27+0,10 107+20 58117 165+26 4,76+0,54
38,4010,11 13+4 9+4 2 2 ii 0,66+0,18
39,4710,11 3916 47+11 91,6+11,9 86113 2,78+0,36
3 9 ,^ 0 ,2 8+3 5,0+2,5 13+4 0,4010,12
40,50+0,15 12+4 5+3 1715 0,5310,16
41,5+0,2 7+3 9+4 1615 0,5110,16
41,510,2 4 ;0 + I,5 3 ,0± I,7 7,0±2,3 0,22+0,07
41,810,2 17+5 22+8 39+10 I , 3+0,3
42,210,3 4 , ^ I , 7 3 ,^ 1 ,7 7,0+2,4 0,23+0,08
42,710,3 2,0+0,8 2 ,811,4 4 ,811,6 0,1510,05
43,410,2 6+2 6,612,5 12,6+3,3 0,4210,11
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5> e z

67+6 24+5 43+2 I . 8+0,3 0,87+0,09
82+16 32+10 50+9 I , 6+0,3 0,94+0,11

-  186 -  143 43+2 -  o;3 ^  1,88
186 -  143 43J2 -  0,3 -  1,88

77+18 35+11 42+13 I , 2+0,2 1,11+0,10
50T3 7+2 43+2 5,8+1,4 0,36+0,07
III l3 2 68+24 43iI7 0,63+0,11 1,497+0,274
91+28 3'9+20 52+24 . 1,33+0,45 1,05+0,20
86+15 43+15 43+2 I , 0+0,3 1,22+0,18
121+25 78+24 43+2 0,55+0,15 1,57+0,15
74+38 26+18 48+29 I , 8+0,5 0,87+0,16
97+23 54+22 43+2 0,8+0,3 1,36+0,23
129+48 92+41 37+20 0,4+0,I 1,74+0,12
79+11 36+10 43i2 I , 2+0,3 1,11+0,15
96+22 66+20 30+12 0,45+0,10 1,68+0,12
104+20 61+20 43+2 0,7+0,2 1,44+0,17
74+13 3U12 43+2 I , 4+0,5 1,02+0,21
67+6 24+5 43+2 I , 8+0,3 0,87+0,09
76+12 33+12 43+2 I , 3+0,4 1,06+0,18
74+10 31+10 43+2 I , 4+0,4 1,02+0,17
120+12 57+10 63+10 1,10+0,15 1,16+0,083
58+7 22+5 36+7 I , 6+0,3 0,94+0,11
72+7 29+7 43+2 1 ,5+0,3 0,98+0,12
70+10 27+9 43+2 1 ,6+0,5 0,94+0,18
183+36 II9+3I 64+20 0,54+0,10 1,59+0,10
104+20 61+20 43+2 0,7+0,2 1,44+0,41
98+11 45+9 53+10 I , 2+0,2 1,11+0,18
115+27 72+27 43+2 0 ,6W ,2 1,53+0,19
151+46 108+45 43+2 0,40+0,15 1,74+0,19
76+10 33+10 43+2 1,32+0,35 1,05+0,16
108+29 65+28 43+2 0,66+0,26 1,47+0,23
76+9 33+9 43+2 1 ,3+0,3 1,06+0,14
100+26 57+25 43+2 0,75+0,30 1,39+0,24
74+11 31+10 43+2 1 ,4+0,4 1,02+0,17
72+9 29+9 43+2 1 ,5+0,4 0,98+0,16
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npoj^oJaeBHe i&dJiMitu 3

E ^ 3 i
o c.

E  a, p h / s  ^

^3,9+0,2 9+3 7+3 16+4 0,54+0,13
4 4 ,6 i0 ,2 12+5 4+2 16+6 0,55+0,21
45,0+0,3 6,0+2,5 2,2+1,5 8,2+3,0 0,30+0,11
45,8+0,2 5+2 8,5+4,2 13,5+4,5 0,48+0,16
47,06+0,14 23+5 27+7 50+8 I , 8+0,3
48,0040,15 10+3 16+6 26+7 I , 0+0,3
48,3+0,2 12+5 10+6 22+8 0,8+0,3
48,6+0,2 6,0+2,5 3,0+1,7 9+3 0,3+ 0 ,I
49,3+0,3 7+2 13+5 20+6 0,8+0,2
50,2+0,3 4,0+1,5 6+3 10+3 0,4+ 0 ,I

26



r V /

79+11 36+11 43+2 I , 2+0,3 1,11+0,15
123+41 80+41 43+2 0,54+0,25 1,58+0,26
151+59 108+59 43+2 0 ,4+0,2 1,74+0,25
68+i 25+8 43+2 I , 7+0,5 0,90+0,17
79+9 36+8 43+2 I , 2+0,2 1,11+0,10
70+8 27+8 43+2 I , 6+0,4 1,53+0,24
97+23 54+23 43+2 0,8+0,3 1,36+0,24
129+38 86+58 43i2 0 ,5+0 ,2 1,63+0,22
67+7 24+6 43+2 I , 8+0,4 0,87+0,12
70+8 27+8 43+2 I , 6+0,4 0,94+0,15

2 7



XadJiHua 4
napaueipu ypoBHeK nnyTOHHfl-239

^ i / r fft , >**9^ i

0 ,2 9 6 * 0,61+0,01 0,108+0,004 I02+ II 62+2 40+10
7,83+0,01 0,526+0,015 1,23+0,03 87+6 46+4 39,8+4,0
10,97+0,02 0,776+0,042 2,69+0,12 189+19 147+23 39,3+6,0
11,5  " 0,73 " 0 ,4 l” i i o “ 41
I I ,9 I i0 ,0 2 0,41+0,03 1,43+0,08 68+7 28+5 38,6+7,0
14,36+0,02 0,59+0,05 0,88+0,05 I0I+8 60+10 40 ,1+ 7 ,0
14,75+0,03 0,43+0,03 2 ,44+0,10 81+8 35+6 43 ,6+7,0
15,47+0,06 0,95+0,08 0,87+0,06 761+52 725+110 37,1+6
17,69+0,03 0 ,5 (^0 ,0 3 2,58+0,04 92+7 47+6 43,4+6
22,33+0,04 0,57+0,03 3,14+0,06 1 2 ^ 1 0 68+9 48,4+7
23,9+0,1 0,37+0,08 0,12+0,02 67+12 25+10 42,0+17
26,31+0,06 0,58+0,04 2,25+0,11 81+9 47+8 31,8+6
27,3 ” 0,32+0,14 0,14+0,10 41+10 13+8 27,9+12
32,4+0,1 0 ,68;^0,06 0,42+0,02 141+15 96+18 • 44,7+9
35,6+ 0,13+0,03 0,48+0,08 5 2 + n 7+3 44,5+11
41,68+0,12 0 ,2 0 ^ 0 ,0 1 5 5,93+0,33 7 8 tI3 16+4 56,1+10,5
4 4 ,6 (^0 ,1 2 0,162+0,015 7,63+0,29 52+8 8+2 36,4+12
47,92+0,15 0,89+0,06 3,01+0,17 273+39 243+51 26,7+6
4 9 ,6  “ 0 ,9 l” 1 ,3 460 41
50,18+0,16 0,38£0,03 4,35+0,25 77+8 29,*5 43,7+7
52,8+0,2 0,16+0,02 12,4+0,4 63+9 10+3 40,6+7



UpoAOJOceuKe lacSjiHuu 4

55,9+0,4
57,8+0,2
58,6+0,4
59,6+0,2
61,7+0,2
63,4+0,2
66 , 2+0,2
69,9
75,6+0,3
82,7+0,3
85,7+0,4

0,43+0,03 2,43+0,21 67+10 29+6 35,6+8
0,86+0,05 9,37+0,41 467+116 402iI23 55,6+17
0,94+0,06 3,91+0,48 76(^222 714+254 42,1+15
0,72+0,03 12,8+1,4 187+20 135+20 39,2+6
0,76+0,05 1,46+0,31 2I%39 160+40 48,5+12
0,69+0,04 8 ,4+0 ,6 156+21 108+21 39,6+8
0,62+0,04 18,36+0,87 136+18 84+17 33,7+7
0,48 2 ,9 40” 41
0,53+0,05 36,6+1,8 t54+I9 82+18 35,4+8
0,58+0,07 6,8+0,9 124+36 72+30 45,2+19
0,91+0,07 38,7+5,4 881+249 802+288 40,3+15



TadJiHoa 5

ilapaMeipH yposHeaC'’ -  233

E • 3B 
*- >

M3B r* U3B
>

1,79+0,01 0,35+0,04 330+50

2,32+0,02 0,17+0,04 60+20

3,68+0,02 0,13+0,02 220+40

4,82+0,03 0,25+0,07 600+280

6,85+0,04 0,61+0,12 170+60

10,50+0,06 I , 5+0,3 270+90

12,85+0,08 I , 3+0,4 340+120

13,9+0,1 0,33+0,07 380+130

15,5+0,1 0,84+0,34 200+60

16,6+0,2 1,16+0,25 650+130

18,2+0,2 0,26+0,09 200+50

19.0+0,2 I , 6+0,3 300+130

20,6+0,2 I , 3+0,2 450+110

30



Tatfjuraa 6

OueHKH cpejHHX xapaKiepHCTM K ypoB H el! U  -235 h Po -Z59 win 
s s y x  cnHHOBbK coctohhhR c o c T a B B o ro  H sp a

^  3  p o cr < ^ > s i

"3
s , w

U  -  235
3"

iT

0,102+0,023

0,115+0,025

87+20

26+6

0,42

0,13

42+2

43+2

1,26+0,10

1,26+0,10

+0,32 
-0 ,1 7  

n RT +0|360,81 _oJj9

Pc/ -239
0+

1+

0,51+0,21

0,W +0,I5
"

290+100

'f5+I5

0,19

0,088

45+3

43+2

8,26+1,14

3,78+0,44

0,60
-0 ,1 8

1 2 2 -0 ,3 1
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• i.o

2.0

to

100so

P h c . 2 ,  OnpeneJiGHHe napaMerpoB g P n  u p  h3 c e M e f t c T B a  KpHBbix caMO- 
HHflHKauHH ( S , , S ^  ) H npoiiycKaHHsi ( 'F , , T „  i T ,  . T )
ann ypoBUH npii o  ̂ 19,3 3b.
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