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VleeJI9l!OB8HH!O B38HMOl!B J!eTBH H H e J!TpOHOB C Hl!p 8MH 

3HeprKA n oeBH!UBKO 3HB 'IHTe nbHoe •tHeno p a6oT
1 I-7 1• 

U -235 B WBp OKOJ! 06JI8CTB 

nnH 3HeprHA En < 50 38 6b1JIK onpE;L\9JIPHd napaMeTpbl e HJibHbiX ypoBHel!, Ol!HBKO 

TO'IHOeTb onpeaeneHH !! gr 
0 

, r , OC06eH HO r r , OeTBBliJI8Cb H9BbleOKOJ!, nonHa H 

p8l!HBUH OHH 8H WHpKH 8 r y , MBJIO M 9 H I!<C.•Ul 8He H l!JIH nepBblX rtH3 K OJI9>K 8llJHX y pOBHeJ!, 

e 'IHT8JI8eb UOeTOHHHOJ! H p 8 BHOJ! ( 33 :!:_ ! Q ) M3B, 

B noeneaHHe roabl 6b!nH U3Mep<:. flbl llJIH U -235 cpeaHHe ee><eHHH aeneHKH a o6nae

TH 3 HeprH J! HSJ!TpOHOB l!O 2Q K3B /
5

/ , ep9JJ. HH9 UOJIHble ee'!9HHH - B o6naeTH 3 H e p rH J! l!O 
161 . 

10 K3B K epeJIHKe ee'!eHHH . ,9119HHH K p8JIK 8UHOHI!Ol"O 38XB8T8 - B 06JI8e T K 3 H e prHJ! 

aeATpo nos BbiWe 30 K3a
17 1• 

B H8eTOH!Uell pa6oTe HeUOJib30B8H8 HOBB.SI 3KenepHMeHT8JlbH8H MeTOilHKa l!IIH K eene-

l10B8HHH B38HMOJiel!eTBKH HeJ!TpOHOB e H.l1p8MK U -235 B o6naeTH 0,002 .;. 30 K 3 B e 

uenb!O nonyqeHHH napaMeTpos ypoaHeA K onpeaeneHHH epeaHHX ee qeHHJ! aeneHHH H paaHa-

UHOHHOrO 38XB8T8. 

MeTO,llHKa H3 Mep eHHJ! 

VI3M e p e HHH npOK3BOl!HnHeb MST Ol!OM epeMeHH nponeTa e HMnynbCHbiM 6bleTpb1M 

p e8KTOpOM 06be l!HH9HH0l"O HHeTHTyTa Hl!9pHb1X HeeneaOBBHHJ!I
8

I B KB'i9eTBe H e TO'IHHK8 

pe3 0 H8 HeHbl X Hel!TpOHOB, npoJISTHOe p aeeTOllHI!e eoeT8BJIHJIO 1QQQ M, 13peMeHHble eneKTpbl 

perHe TpHpOB BJIHeb 2048-KB H BJl bHbiMH 8 HBJIH38TOp8MK e WHpHHBMH KBHBJIOB 32, 1 6 H 8 MKeeK 

1IpH H3 M epeHHHX B 3 HepreTH'I9eKHX HHTe psanax 0,002 ;.. 0,005, 0,005 T !,5 H 1,5.;. 30 K3B, 

eOOTBeTeTBeHH O, 3TO o6eene'IHB8JIO p a3pew e HK e 6. t I L ~ 0.04 MKeeKI M. 

AKTbi .aeneHHSI H pa.o.HBUHOHHoro aaxaaTa perRc TpHpoaanHcb c noMOUlhJO .neTeKTopa, 

n p eJJ.e T 8 BJIH!OlU9l"O H3 ee6H UHJIKHJipH'IeeKHlt 6 a K e >K K llKHM e UHHTHJIJIHTOpOM , eonep)l{a

!UHM KB/lMR l!lgl , VleeneayeMbll! o 6pa3eu ( 0 -o6pa 3eU) U OMe !UaJie H H B OeH UHJIHH/lpH'iee 

K Of' O OT BepeTHH 6aKa B reoMeTpHH, 6JIH3KOJ! K 4" . nnH yMeHblll9HH.SI paeeeSIHHSl HC!J!Tpo 

H OB Ha B03l!yxe 3 TOT o6beM OTK B 'IHB ane!l, CxeMa JICTeKTopa H 6noK- exeM a a n eKTpOHHol! 

annapaT ypbl noKa3BHbi Ha pH e . 1. 

npHHUKil perHeTpBUHK OeHOB8H HB T O M cj:lBKT e , 'iTO aeneHHe eonpOBO>KJIBeTeSI Henye-

KBHK e M Ml"HOBeHHbiX Y -nyqeJ! H HBJ!TpOHOB, a p B JIHBUHOHHbiJ! 3BXB 8 T - TOJibKO y -nyqe J!, 

y -ny'IH a e n e HHSl H p 8JIH8UHOHH0l"O 3BXB B T B p e rH e TpHpOBBJIKeb flO eBeT OBOJ! B ellblllJKe 

s euH HTHJIJISITope . Hel!TpOHbl aeneHHSI, 3aM eanHSieb a e oaopoaoeoaep>Ka!Uel! e p e ae euHH-

THnnSITOp a , 3 8XB 8 TbiB 8nHC b S1Dp 8MH K8JlMHR H ,O,BBBnH KBCKB.ll Y -KB 8 HTOB C nonHoA 
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9li&J)I'H81 9,2 Mas, X OTOpbil TAVK8 perJ[C T p J[pOBil1ICR no CB8TOBOI BCQbiWit& II CQJ[H-

TJ[MllTOpe. Cpe.naee ape,. 11 )I(J[3K• seiTpoaa B .neTexTope • 8 ).(Jtcex. 

3a.nep>KAKB08 COBQ 4.{l8 Kil8 COOTB&TCTIIOIIllJIO AltTY .U81181l.ll, II 9T8 KB¢0p).(8QKR K8-

ll8nllll118118Cb llpe M &Kilbi M 8H81II38Topor.~. AxTbl 6ea c onpo11mK.n810lll&ro •).()IYllbC8 per•cTJI•

posllJIRcb .npyr•N Bp8N81lllbiM 81l81IK38TOpOM, 00C118.UBKK J[ll!pOpw:an•R IIKlllO'It\118 C06biTJ[., 

OTHOCKBW.&Cll It p8.n•anBOHJlO).(y 38XBATY K&ITpOKOII 1 .U8118K.IO, Kll 3AperKCTpKpOB8KHO).(y 

B .U81IKT81IbBOW lt&.llll1!8 1 H, Jl81t0118Q 1 ¢oxy, 

<l>OK 1 C03.UA!l88).(bll p8.UK08ltTKBKOCTbiO QOM&lUeHKK, ltOCN•'IeCXKr.l K31Iy'I&KK8).( J[ 

8CTeCTB8HKOI Y - a XTKIIIlOCTbiO o6.P43n8 0 Be 3AaKCKT OT Bp8W81lK K .UOCT8TO'IHO TO'IKO 

y 'lllTbiB88TCK. 

)ln• K8.U&)I(KOrO KCXliiO 'I&IlHR ¢0118 np• p860T8101U8W peUTOpe KCQOllb30B81IKCb 

110M81U8HIIbl8 B IID rl 'TpOHKbll ny'IOI< .UOCTATO'IIlO TOliCTbl& ¢xn .. Tpb1 K3 cepe6pa, Jto68JtbT8 

H N8pr8Kna. C'1&1' ·s p eaoHaxcax npx E D - 5,2 311 ( Ag ) E. 132 911 ( Co ) If 

E
0 

• 0,337 H 2,36 1<811 (!In) 

sxaprKI p811eK ¢o11y. 

R3-38 QOliJIOrO norli01U8KKll !pRllbTpANJf KeiTpOHOII STKX 

Ma>K.ny 'lyBCTBHT&llbllbiM o61oeNow .neTeiTopa 11 o6p83nO).( noM&lll811Cll ¢a:nbTp K3 

cwec11 napa!pliBA c Li 2 CO 8 .nn11 CHB)I(8HKK ¢oxa pacc&IIHBbiX o6pa3QOM HeiTpOHOII. 

IPOB, o6yC110811811Hbll 110T&HJl.81IbHbiM p8CC8Killl8).( H&ITpOHOB o6p83QON U -235, onpe.na-

liAliCII K3 OT.U&llbHbiX H3M8 peBKI C ypAHOM - 238 ( HR3K03H8preTK'I8CK811 06118CTb) II 

CIIJIHilOM II lt8'18CTB8 o6p831{011, 

TaltxM o6p830M, nocne y'I&Ta ¢o11a, C'I&T 11 xaHane, perRcTpBPYJOlll&M p8.n•an•oxHbll 

38XII8T, onp&.UiillllliCII TOllbltO 8l<T8).(H p8.UR8QBOHKOrO 38XII8T8 II .U8118HJI.).(K 1 Be 38p&rBCT

pHp01181lHbiM. II .U&liHT&llbKOM 1<8118Jt8, 3'!'0T C'I&T .Uilll O.UHOro K8118118 11pe).(81lKOrO 8K81IK-

38TOp8 MO)I(IIO npe.UCT8BHTb II C118.UYKllll8M BH,ne: 

/',. N I 
0 

I 
!'J. Ny + K 

< I 

I 

I 
!'J.NI 

r.ne !'J.Ny " :::::o::p:;::::::;:,llllbiX 8KTOII .neneHU II 

(I) 

- TO).( X8HllJie nep11oro 11pa-

I 
6. N y- 'IKCilO 38paracTpxpo118BHbiX 8JtTOB pa.nxanHOHHoro 38XB8T8 11 I - TOM Jt8H8-

ne IITOpOro Bpe).(8KKOrO QJI81IR38TOp8 38 O.UKH81tOB08 Bp8).(R H3).(8p8HBI0 

K - s¢¢exTKBHOCTb, c J<OTOpol 11 llAKane p8.UK8QHOKKOro 38XB8T8 perKcTpHpyKlcA 

AK.Thl 1 OTBOCJIIUReC• X. .aene•K10 1 

f I - s.p.peJCTKBKOCTb perRCTpanBB AJCTOB .U&lleHRA II .U811HT81Ibii0M J<8K8118, 

BenB'I.IIA K • 0,2 R K3B&CTII8 C TO'IHOCTbiO Ke ,xy)l(e (2 - 3)%, 0o.npo6He& BODpOC 

o6 onpo.neneKIIK nonpaaKK K o6cy)I(.U8&TCII 11 p86oTe/IO/. 

)l1111 y'I&T8 ¢oH8 11 X8H8ne, perKcTpKpyJOlll&M .neneKHll, acnonb30II81IKCb 38.U&p>K8H-
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Hhte cosn aneHHH c speMeHeM aanep >KKH s JC' paa n peebtWaJO we"' c penHee speMH 

>KII3HII llel!TpoHa a neTeKTope. 3To noa son11n o y'<eCTh <j:JoH c nyqal!HbiX c osnaneHHl! B npe-

nenax oTnenhHoro peaoHaHca. 

np11 113MepeHHHX C o6paauaMH U -235 ~oH a KaHane neneHHll coc T aenRn He 6onee 

(I i- 2)%, a a KaH a ne , perHCTpll p y!Ot.UeM panHaUII OHHbtl! a axe aT, - He 6onee 20% OT c q eTa 

a CHl!bHbiX peaoHaHcax (HanpRMep, peaonaucw c E o ~8,77 as 11 E 0 - 12,39 as) . 

3~~8I(THBHOCTH p e ri!CTpllUIIII BKTOB neneHIIH II panHaUII OHHOrO 38XBaTa B pa31! 11 '1Hb!X 

Cepi!RX 113M 8p811lll! COCTaB1!Hl!H < f ~ (40- 60)% II <'y- (20- 30)%, COOTBeTC T BB HH O, 

noMIIMO Ofli!CaHHOrO 113M8p8HIISI, 6htnll npOBBnBHbl H3M8p8HII H fiOllHblX Ce'ieHIIA U -235 

MeT onoM caMOHHn i!KaUKH 11 npon y cxa i!HR , B nepa oM cnyqae K c nonh3oaan cR neniiTBl!h llbt A 

KaHan neTBKT Opa , II M B!O!UIIl! Hli3KHA ypOBB Hh ~OHa , Bo BTOpOM cnyqae HCfiOl!h30BancH CUIIH-

T HnnSIUH OHH hiA: .0. 9T9KT Op H8 nHT H9B blX CTeKnax. 

B nniiTBl!hllbiX cepiiHX 113 M e p eHIIR acp<j:JeKTa 11 <j:JoH a qe p enoa anllch 
1

11 nonyqeHIIaH Ha 

BpeMBIIIIblX 8 11 8 1!H38T Op aX IIH~OpMaUIIH n e p eonll '<eC KII n e p enaaanaCb B fi8MRTh 31!eKTpOHH Ol! 

B bl 'iiiCl!IITe l!biiOl! M BW IIIIbi, Ha K OT Op Oll np0 11 3 BOnllnac b n p ena ap11Te l!bH8R o6p a6oT K8 3KC fl e

p11M e HT81IhHblX n a HHbtX, B H3 M e p e HIIRX llc nonh30 B B1!11C h o6p aauht U -235 B a11ne M e T an

l!ll'leCKHX fil! BCTIIII II OKIICII, 118118Cell110ll 11 8 Bl!!OMIIIIHBBY!O <j:JOll hrY Ul!Owanh!O n o 250 C M
2 

11 o6o r awe1111 e M Hccn e nye !.lbiM 1130T o n o M no 00%. 

Tonw HIIbt o 6paauoa cocTaanRnH: 

n pH H3 M e p 8 HIIRX Ce 'i8 11Hll nel!BHIIH II p a nlla UIIOHHOr O a a xa a T B - 8,10-5; .4.10-\ J,JO - 3 
II 

2.10-3 
Hnep/6a pH; 

npH H3 M 8 p e HHRX C8M OHHnHK8UHH 

D - o 6pa a e u 2.10-3 
Rnep/6a pH, 

T o6p83 U bl 4.10-4 
H 2.10-3 

Hnep/6apH; 

npH H3 M e p e HHRX npo nyCKBIIHR -

T- o6p a auhl 2.10-3 
R 2.10-2 

Rnep/6apH, 

P e aynbTaTw HaM e peHHA H o6pa6oTKa 

C y MMapHoe qac no OTC'<BTOB n eTe KTopa no s ceMy p e aoHaHc y, npHaeneHIIoe K eniiHII'<HbiM 

fl OT OKy II 3~~8KTIIBHOCTII 0 He 38BIIC IIT OT p aap e w e HIIH II MO>KBT 6b!Tb 3 afl iiCaH O B Bll n t l2 / 

l:N(O) 

II ( E o )< ! 
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r.o e 11 ( E 
0

) - 'IIICJJO ll e l!TpOHOB B 8 .ll11HH 'IH OM 3 H e pr8 TH'I8CK OM IIHT8 p san 8 , na.oa"'lUIIX H a 

BCIO llJlOlUB.ll b o6p83 UB' 3 8 Bp8M!I 113 M 8 p8HIIli , 

rHSIX 

r· , r, 11 0nH 8 Sl H D.enHTe n bH 8 SI HnH p ll.OH 8 UHOHH 851 WHpHH bl p<.iC C M 8 TpHB8 9 MOrQ. ypos-

11!1, 

<
1 

- 3<P<tJ8 K T IIBHOCTb p8rHCTp8 UIIH B KTOB ,ll8Jl 8 HHSI H Jl H p8.llK 8 U H OHH OrO 38XB8T 8 , 

A 0 - nno tU B.llb n poB Bn a H B KpHs o ll nponycKa HH !! , 

2 
n 0 - 'IIICJJO !l.ll8p/c M .oeT8KTOpHoro o6pB3u a . 

npK Bbi'IIIC J18HIIII U JlO lUB.llll p 8 3 0 H B HC 8 np0113 BO.llHJ1 0C b 06pe3BHK8 Kp b!Jlb88 np11 3118p-

naor21 1 
E 0 - '1, 11 E 0 + '1 2 • C o oTB8TCTByiOlUB !I n o npaaK a BBO.llHJJBCb a BK.ll8 q- ('lll + ...,-, ). 

BKJJ B .ll B nnotU B.llb pacc MBTpKBB 8Moro p830HBHCB KpbiJlb8B C OC 8 .llHHX p83 0 HBHCOB Y'<IITb!B a n

Cll B H BJJOrii'IIIbiM o6pB30M, rpynUbl pe30H811COB 0 .llJl!l KOTOp blX 3 Ty npOU8.llypy 118B03M0)1(110 

6b!Jl0 HB,ll8)1(110 Bb!UOJlHHTb H3-3B H8,llOCT8TO'IHO BbiC OK Or O p B3p8WeHH!I, o6pB6BTbi88JlKCb 

C HCUOJlb30BBHH8M r 8 0M8TpK'IeCKOrO p83JlO)f(eHH!I UJ10lU8.ll 8 li, 3TO OTHOCHTC!I rJJBBHbiM 

o6pa3oM, K o6nBcn< 40 - 50 3 8, 

nn!l TOrO, 'IT06b! H368)1(8Tb 60JlbWIIX OWII60K npH ·011pe.ll8Jl8HIIK B8Jlii'IIIIIbl n(Eo )< 1 • 

OCylU8CTBJl!IJ18Cb KBJlH6pOBK8 liB T8llJlOBOe C8'18HH8 

a; (th) = ( 582 !. 6) 6ap11, H 3 H B 'I8HH8 

U -235, 11p11H!ITOe p88Hb!M 

a(th) any (th) / !7 1 (th)• 0,178 !_0,002. 

0wH6KB KanH6poaKH - OKano 5%. 

npH H3M8peHII!IX M8TO.ll 0 M CBMOHH.lllfKBUHII 113 OTHOWeHH!I CYMMBpHbiX CKOpOCTeli 

C'IeTB no Hccne.oyeMoMy p830HaHcy c T- o6p83uOM H 6e3 Hero nonyqBeTC !I Bbipa)l(eHHe 

S(O, T) = 
I. N

1
(0, T) 

}; N 
1 

( 0) 
I 

exp ( n a ) = 
T P 

A D+T- AT 

AD 
( 4) 

r.oe a ·
0 

- C e 'I8HH8 UOT811UH BJlbiiOrO pacce!IHH!I, 3TO BblpB )I(8HIIe He CO.ll e p)I(I!T 3HB'I811Hli 

UOTOKB II 3<P<tJeKTIIBHOCTH .ll 8 T e KTOpB II !IBJ1!18TC!I <jJyHKU118ll DBp8M8TpOB, OUp8,ll8Jl!IIOlUIIX 

A , OTHow e HHH n 0 I n T H u 

TB6JJIIUbi 3HB'I8HIIll S ( 0, T) 6h!Jlll p a cc.JIITBH bi HB 3Jl8KTpOHHOll Bbi'IHCJJIITeJJbHOll M a w II-

He, HBXO.ll!l 3 KCn8p11M8HT8JlbHO B8JJH'IHHY S ( 0, T ) , MO)I(HO !13 Bblp8)1(811Kll (4) llOJJJ'IIITb 

3BBIICIIMOCTb g r n OT r 

06pa60TKB Kp11Bb!X nponyCKBHH!I 1! 3 B8 C THbiM M C! T O.ll OM ~ Jl OlUB.ll e lt, llO.llp06HO OUKCaH

/13/ 
HOM B pB60T8 , TBK)I(e 1103B0Jl!IJ18 n o ny'IBTb 3BBIIC KMOC Tb g rn OT r 

KpHB oie g rn = f( r) , U OJJyqeHH bl 8 ... e TO.llOM C8MOHH.llHK8UHH H npollyCKBIIH!I, nepece-

K BlO TCSI fl O JJ. 6 0 nbWHMH y rn a MH ( 6nH 3 KH:\.o1H K rrj 'J. ) 1 l..J. e M KpHB b/8 1 non y q e HH bl 8 TOn h K O 8 

3 KC n e pHM 9 HT8 X no npo n y CK 8 HH IO . 3 To fl03BOns:teT C 60n h w e A H 8 .ll8>K H OCTbiO o npe.aenHTb 

UBpB M e Tp b l ypOBHeli gr n 11 r • 3 T a n p o u e.oypa li JJJliOC Tp l!p ye T c !l p11 c , 2 " 3 .on !! 

ypoaHe li I 9,3 11 10,2 3 B, 
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B Ta6nMue I npHaeaeMw napaMeTpw ypoaHe~ U -235 a o6nacTH '>HeprH~ 2-50 3B. 

]..13 Bhipa>+<eHHll (2) anll cny'!Bll na0 <<I 6hinH nony'!eHhi cp~aHHe no HecKOJibKI!M 

o6pa3uaM 3H&'!eHH!! a 0 l'y H a 0 I' r .ons:~ .aaHHoro pe30HaHca, a aenuYHHa a onpeae-

nsi118Cb KBK HX OTHOW€HHe. 8 H8KOTOpbiX CJiytJBSIX B8flH'-IHH8 a 
onpenens:~nacb Henocpen.-

CTBBHHO 113 OTHOWBHI!ll DpHBeaeHHb!X K OaHOlt 3<j:JCpeK THBHOC TI! If OaHOMy BpBMBHH H3Mepe

HH!! anrrapaTypHh!X CllBKTpOB, COOTBBTC TBY!OWI!X 3BXB8THOMy II aeni!TBl!bHOMy KBHanaM. 8 

3TOM Cl!yqae BBl!H'IHHa a0 ryonpeaenl!l!BCb KBK a(aor,). JlenHTBl!bHylO WMpMHy nony'!Bl!H 113 

llblpa>+<eHI!H r r r I I +a • nonHyiO paaMBU30HHyiO - 1!3 r y = I'- r r • .llnH ypDBHe~ 

C HBH3BBCTHOl! ITOl!HO~ WHpi!HO~ [' paai!BUI!OHHB!! WHpMH B l 'y llpHHMManacb ITOCT05!H-

HOJ! If paBHO~ 40 M3B ( [ ' y = 40 M3B - cpeaHee 3H8'!BHI!e , llOl!y'IBHHOe flO 25 ypOBHliM, 

npl!aeaeHHhlM B Ta6nHue I ) • a I' r = r y I a 

nonHoe CB'!BHHe a 0 r anll BCBX H3BBCTHblX ypOBHe~ U -235 MO>KHO C'!HTllTb 

pBBHblM a 0 ry +a0 r'
1

, TBK 

0TCIOaa MO>KHO OnpeaenMTb 

KBK BBl!H'!I!HB a0 rn npeHe6pe>KHMO 

2 
~rn =Cary +ao r, )/4rrKO. rae 

Mana 

- .UflHHa BOnHbl 

HeATpoHa npH 3Hepn!H E 0 • 3TH 3HB '!BHH!I ~ rn B llpe.uenax 3 KCI1 8pHM8HTBnbHbiX 

OW H50K cornacyJOTCH C B811JPHiH8MH g ['n , nony"'eHHbiMH .n.ns:~ Te x .>Ke ypoaHett H3 H3Me-

peHMl! nponyCKBHI!5! If C8MOMHaHKBUHH. B TB6nMue I npHBeaeHbl cpeaHI! e 3 H ll'IBHI!ll g rn 

anll TBKI!X ypOBHe~ . 

B Ta6nHue 2 npHaeneHbi 3HB 'i8HH51 ycpe.aHeHHhiX no a&r6paHHbJM 3HepreTH .. recKHM HH

TepaanaM CB'!BHHlt aeneHHll H paaHaUMOHHOro 3BXBBTB , B T BK>Ke a =<an y(E >/<a t (E)> 

8 o6nBCTH 3 H eprHJ1 OT 0,1 LlO 30 K3B. KBK y>Ke OTM8'-l8fl0Cb Bb!UJ C' , B03MO>KH851 CHCTeMLl

TH"i8CKll51 OWH6KB KBnH6pOBKH C8Y8HHJ\ .n.eneHHSI K p8LtH8UHOHHOrO 38XBDT8 no TellJlOBJJIM 

Ce'-leUHSIM COCTBBnSieT -5%. OaHBKO np11 onpeaeneHHH C€'-I€HHH p8UHDUHOHHOrO 3UXB~Ta 

B 06Jl8CTH H€CKOnhKHX K3B H BbiW€ B03HHK8tOT TpyaHOC TH, CB5138HHbi€ C yt.tUTOM B03pflc 

T8JOLU€rO cpo u.J llOTeHuH a nbiiO H pe30H8HCHO pacce51HHbiX Hel:tTpOHOB • .iln51 Toro, '-IT06 bi 

H CKntOT.JHTb 3 H d1.fH TenbHbie OWH6KH, CBH3811Hbf€ C Y'-I€TOM 3 TOrO cpoua, OCyU..leCTBnSlnacb 

HOpMI!pOBK£1 3Ha'!eHHll a Ha aHa'!eHHe a 0 ,376 .!:_ 0,036 np11 E
0 

= 30 K3B, uony'!eH-

Hoe B p a 6oTe
17 1

• 3Ta HOpMHpoBK £1 upnaoanT K noHaneHI!IO BD3MO>+<Hol! CHC T eMaTM'!BCKoA 

OWI!6KH d CB4BHMH pDai!DUI!OHHOr O naxBOTa • 15% B 3 T O l! 06naCTil 3HeprHll. 

LJ.ononHH T enbHbie H3Mepe HHH C o6pU3JIOM IJ -238, llOMBIJ.leHHbiM Ha MBCTO I!CCJi eay-

eMoro o6punua U -235, ll03BOnHJlH 3 KC11epHMeHTBJlbHO yqecTb BKnDa p aaHllUHOHHOrO 

aoxBaTa, o6ycnoaneuuoro 

06cy>+<pBHI!SI 

n pH ~IHTepnpeT8UHH 3 KCile pHM e HT8JlbHbiX URHHbiX anH U -235 B pe30HDHCHO~ o6nac-

TH Cylll€C TBytOT H3Be C THble Tpy.OHOCTH 1 CBSI38HHbi e C nponyCKOM 38MeTHOro l..f.H CJlt:! ypOBHeA , 
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H8tlOCTBTOqHO BbiCOKOll TOqHOCTbiO onpeaeneHHH napaMeTpOB ypOBHel! ' H, H8KOH8U, Heaoa

MO>KHOCTbiO tlO CHX nop npHMOrO 3KCnepHMeHTBn bHOrO onpeaeneHHH 3 HaqeHHl! CllHHOB ypoa-

Hell. 

VIa Haaec THOll QJOpMynhr 6pel!Ta-8HrHepa anH H3onHpoaaHHoro ypoBHH cneayeT , qTO 

B9RH't.fHH B ceq eHHH B pe30H8HC9 nponopUHOH8RbH8 r. I r . 3TOT QJBKT npK tlOCTBTOqKo 

WHpOKHX p acn p eaeneHKHX l 0 H l r MO>KeT npKBeCTH K Cyll.leCTBOBBHKJO 3BMeTHOrO 

qHcna ypOBHel! C Hel!TpOHHb!MH WHpHH B MH, HBMHOrO MeHbU:HMH CpetiHHX, H flOnHbiMH wH

pHHBMH, 3H8qHTenbHYIO q8CTb KOTOpb!X B OOnbWHHCTBe cnyqaea COCTBBnHeT aenHTSnbHBR 

wHpHHa, cpaaHHMbiMH c paccTORHHRMH Me>Kay ypOBHRMH. Tal(l{e p eaoHaHCbi aKcnepHMeH

TanhHO TpytiHO OOHapy>KHTb. !-fa pHC. 4 flOK838HO 3KCnepHMeHTBnbHO nonyqeHKOe pacnpeae-

neHH8 npHBeti8HHbiX H8l!Tp0Hb!X WHpHH U -235 tinR 78 ypOBHel!, KOTopoe ytlOBneTBOpH-

• TenbHO onHcbraaeTcR X - pacnpeaeneHHeM c qHcnoM cTeneHell cao6oabr v - 1. OaHa-

KO BHtiHO, qTo )( 
2 

-pacnpeaeneHHe anR 78 + :.!0% ypoaHell ( KpHaaH 6 ) nyqwe corna

cyeTcR C 3KCnepHMeHTanbHbiM. 3TO rOBOpHT 0 TOM 0 qTO B OonaCTH tlO 50 38 B03MO>K9H 

nponycK 10 - !5 ypoBHel! C l 
0 

<< l n • 

nponyCK H9KOTOporo qHCna CnBOblX ypOBHel! Cyll.leCTB8HHO HC '"< ~HR8T H8 3H8q8HH8 

CHnoaoll <PYHKUHH 0 nonyqaeMoll H3 rHCTOrpaMMbl ~ 2 g r: ( E ) OnpeaeneHHOe TBKHM 

-4 
o6pa30M aHaqeHHe cHnoaoll <PYHKUHH S 0 = (0,92 !. 0,17). 10 • {0wH6Ka onpeaenRnach 

~ /14/ 
KaK S 0 (2,5/m ) , rae m- qHcno paccM a TpHaaeMbiX ypoaHell ). 

EcnH BKnJOqHTh a paccMOTpeHHe npHaeaeHHYJO Hel!TpOHHYJO wHpHHy OTpHuaTenhHoro 

ypoBHR 0 B3RTYIO H3 pa60Tb/
31

, TO 3TO H8CKOnbKO H3M8HHT 3HaqeHHe CHnOBOll QJYHKUHH, 

-4 
KOTOpOe oyaeT paBHbiM So a (1 007 !_ 0,19).!0 • 

nonyqeHHwe aHaqeHHR cHnoaoll <PYHKUHH xopowo cornacyJOTCR c paccqHTBHHbiMH a 

/5/ 
paooTe tinR Hel!TpOHOB C f • 0. 

Ha pK c . 5 npeacTaaneHbi aKcnepHMeHTanhHO nonyqeHHbre pacnpeaeneHHR aenHTenh

HbiX wHpHH anR 78 ypoaHell (ao E. = 50 as) K nepabrx 32 y poaHe ll (ao E
0 

= 20 aa). 

CpetiHHe aenHTe nhHbie WHpKHbi paBHRJOTCH 52 K 58 M3B, cooTaeTcTBeHHO. Xopowo BHtiHO o 

2 
qTO o6a pacnpeaeneHHH noxO>KK H yaoaneTaopHTenhHO onHCbiBBJOTCR X - pacnpeaeneHK-

eM c v = 4. 

3To noaaonReT caenaTb aaKnJOqeHHe o TOM, qTo qHcno cTeneHell cao60tlbi v = 4 

HBnReTCH p eanbHblM H He CBH38HO C llORBneHHeM npH yxyaweHHH paapeweHKR
0 

CHCTeMa-

THtt9CKHX 3KCIT9pHM9HTBnhHbiX OWH60K, HCKB>KBIOLUHX pacnpe.a.eneHHe. KaK y>Ke OTM9 't.f 8n0Cb 

BbiWe, B03MO>KHblll nponyCK ypOBHel! C MBnbiMH l n H OOnbWHMH l I MO>K8T npHBeCTH 

K yaenHqeHHIO B OCHOBHOM qHcna ypOBHel! C ll > r, H Mano H3M8HHT npHBeti8HH08 pac -

npeaeneHHe. 
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Jlnsr U -235 He 6biUH JlO CHX !lOp npoaene Hb! llpS!Mb!e H3Mep e HHS! CllHHOB y p OBHeA 

COCTaBHOrO S!Jlpa, no3TOMy llOKa 6brnH 11p9Jll1pHHS!Tb! TOllhKO llOllbiTKH KOCBBHHOrO pa3Jl9-

l19HHS! Ha Jl89 CHCT9Mbl ypOBHeA C 

I - 7/2- ). 
] = 4 ( CllHH S!Jlpa -MHll19 HH u -235 

B qacTHOCTH, a p a6oT e
161 

OTMeqaeTCST Hani!'!He 3 Ha'IHTe nhHbiX tpnlOKTyauHA nonHbiX 

paJlHauHOHHb!X WHpH H r y OT YPOBHIJ y ypOB H!O , KOTOpbr e CB it3biBalOTCit co 3 Ha 'teHHIJMH 

cnHHOB 3THX ypoeHerl. B HacToSTwell pa6oTe He o6Hapy>KBHbi cxonhxo-HH6yJlh 3•ta 'IHTenh

Hbre <tJll!OKTyanHH r y , B b!XOJl lt llill " ;:,a npeJl9!1bl Oll1H60K il3MepeHHll , 

Ha pH c , 6 npeJlCTaaneHo p acropet.:eneHHe aenH 'IHH 

HHTepaanoa JlO 30 H 50 as , T aK K~K r y - eenH'iHHa Mano cpn!OK TYHPY!OWaa OT YPOBHR 

K ypOBH!O, TO npaKTH'leCKH 113' "l He HHR B a onpe .uenSTJOTCS! <PnlOKTyanHSTMH B r I • Xap a x-

T9p pacnpeJleneHHS! He H3MeHSI9 T CS! B YKB3 BHHb!X "HepreTI! 'i9CKIIX IIHTepeanax, II 3TO .uaeT 

B03MO>KHOCTh CqHT8Tb , t{TO .0.88 llHK8 H e S:IBnstJOT CSI CneLl,C TBH8M 3KCII9pH MSHT8JibH bi X OWH-

6ox np11 onp eJleneHHH a 
, cesr3aHHbiX c 113MeHeHHeM 3HepreTH'iecxoro p aapeweHHsr, 3To 

pacnpeJleneHHe MO>KHO pBCCMaTpi!BaTh KaK HBl10>K 9HHe JlByX n e peKpb!BalOlUIIXCS! pacnpeJle

l19HHA, CBR3aHHb!X 0 B03MO>KH0 0 C JlBYMR 3 HB'i9HHS!MH c nHHB COCTaBHOrO S!Jlpa, .nnSI rpy6oll 

oueHKH cpeJlHHx napaMeTpoa 3 THX rpynn y poaHe ll MO>KHO paccMoTp e Tb ypoBHH c a > 1 

H a < 1 , Y.Hcno ypOBHeA B Ka>KJlOll rpynne npHMepHO OJlHHaKOBO, H 3TO YJlOBll9TBOpH

T9l1hHO cornacyeTCR c oueHxoll '<Hcna ypoaHell OJlHoro cn i!Ha ~ ( 21 + 1) , CpeJlHHe 

3HB'i9HHSI Jl9llHT9llbHb!X WHpHH JlllSI rpynnbi C a > 
22 H 25 M3B, a Jlnsr rpynnbi c a < 1 

77 H 79 M3B 0 B 3Hepr9TH'i9CKHX HHTepaana x JlO 30 H JlO 50 3B, COOTB8TCTB9 HHO, B pa6o

Te1171 6brnH npoaeJleHbr p ac qeTw cpeJlHHX JlBnHTenhHwx wHpHH Jlnsr ypoeHeA U -235 

c pa3nH'IHbiMH cnHHaMH (no ¢opMyne Bopa 11 YHnnepa JlnSI JlenHTenhHhiX WHpHH c Y'IBTOM 

npoHHnae MOCTH 6apbepa JleneHHR no XHnny 11 YHnnepy) 11 nonyqeHbi cneJlyiOLUHe pe3ynh-

TBTbi: 

M3B H r: <1 ~ . 4 > - 32 I M:3B. 

nony'IBHHb!9 B HaCTOitLUBA pa6oTe Cp9JlHH9 Jl9llRT9llhHbl9 WHpHHb! JlllS! JlBYX rpynn 

ypoBHell HaXOJlSITcsr B YJlOBneTe o pHTenhHOM cornacHH c pacqeTHbiMH, 'ITO noaeonSieT ycnoa-

HO 11pHI1HCaTh rpynne C a > 1 Cl1HH 1 • 4 , a rpynne c a < 1 - - 3 

B T a6nHue 3 npHBBJlBHbi JlBe r pynnw ypOBHeA, H JlllR xa>KJloro ypoaHsr yxaaaHa 

XapaKT9pHCTHKB OTH0ll19HIIS! CHMMeTpH'IHOrO Jl9!19HHS! K acHMM9 TpH'IHOM y no peaynhTBTBM 

6 / 18,19/ O B 120 1 
p a OT , KOTOpoe, cornaCHO T BOpHH , opa 0 CBS!3BHO CO Cl1HHOM ypOBHSI COCTae-

Horo RJlpa, BI!JlHo, 'ITO Jlnsr psrJl a CHnhHbiX 11 xopowo paapewe HHbiX ypoaHell Ha6nl0Jlaer

c sr yJloeneTeopHTenhHoe cornacHe e paaJleneHHII ypoaHell Ha JlBe rpynnbr. 0JlHaxo oxoH-

'q8T811bHOe 38Knl0"'18HHe 0 np8BHnbHOCTH T8KOrO 38KnJOqGHHH MO>KHO C.llSnBTb IIOCne llpHMQ-

ro H3M e peHHsr Clli!HOB ypoeHeA u -235 . 
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A aTopaMH BMec Te c IO. <l>eHHHblM 6blnH npos e.ueHbi npe.uaaptrTenbHbie pac qeTbi ua 

3il&KTpOHHOJ! Bbl '!HCllHT9llhHOlt MalliHH9 CllllOBblX <1:JyHKUHlt U - 235 .llllH H9 l!TpOHOB f • 0 

H I , auantratrpyH ycpe.utreutroe ce '!etrHe pe aKuHH a , = a. y + a 1 ;11m o()nacTH atrep-

rtrll 0 ,3-30 Kas
1211• nony '!e trtr oe atra'!etrtr e 50 • (0 ,91 :t. 0 ,03) .1 0-

4 
x opowo c orn acye-r-

c >t c aen H'!HIIOl!, nptrse.ue truol! Bblllle, a S 1 = (2, 8 :t. 0 ,4) .10-
4 

6nH3KO K aerrH '!HHe S1 

.umr U - 238, nonyqennol! ITHHHoM
1221 

H3 atrantraa 3JCcneptrM911TanhHbiX .uaHHblX no nponyc-

:<aHHIO H9l!TpOHOBo 

B aaKni0 '19HHe aaTopbi C'IHTBIOT cBOHM npHHTHbi M .uonroM no6naro.uapHTh npmpeccopa 

<l>.IT.W ilnHp O H n.o.n nK91lhHep a 311 o6cy>K.U9HHll H U9HHbl9 COB9Tbl , H.V!.W enotrueaa H 

H . IO. W trpHK OBy a a n oMoiUh npa o6pa6oTKe .u aHHbiX Ha arreKTpOHHOll Bbl'!HcnaTen hROtl Ma-

HJ H He. 
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Ta6nHua I x ) 

E ' ao r y a 0 r y u.( ry+r, ) u 0 r 2g r. 2g r." r r, ry 

•• 6apH. 3 B M38 

0 282 ... 
±~.005 0 ,39±0 ,05 9,3±0, 9 3 ,6±0 ,7 0 0027 0 0052 

I2 , ~±I, 3 +~ 0003 +~ 0005 II4;t8 82±8 32±3 
- ' - t 

I ,I381t" I ' 40 0 05 +O,OIO u , ± • Ic ,I±I ,2 4,9±0, :1 0 OI 49 0 OI4 
I 7,0±I,7 +~ OOI5 +~ OOI 

- t - t 
I48±I2 I06±II 42±4 

2 026 2,8±0 ,3 I,47±0,0::> Lf, I±0,6 5,6±0,6 060087 06006I 54+7 
±6,004 ± ,0009 ± ,0006 - I4±2 40 

2 84 
±6,02 0,3±0, I ! , !5±0 , 2~ 0 ,35±0,!4 I ,5±0, 3 0 0053 0 0020 

±6,0007 ±6 ,0004 !73±53 !53±40 40 

.... 
"' 

3 !36 
±6 ,oo6 0 ,33±0, 0tl 7,9±0 ,6 2 ,6±0 ,4 10 ,5±0,8 0 027 II ,6±2 ,5 +~ 003 _, 

00!5 
±6,002 123±!5 92±12 3!±6 

3 584 
±6,006 0 , 6c±O , O~ !U ,3±0 ,5 6 ,4±0,7 !6 ,7±U,9 0 047 0 025 

!7 ,2±2 ,o +6 004 ±6,002 -· 8I±7 50±5 3I±4 

4 81 
±6,oi 6,5±0, :1 2,6±0,2 I6 ,8±Q, 9 I :l ,4±0 ,9 0 066 

I6 ,2±2,5 +6 005 - . 0 030 
±6, 002 34;t20 4, 5±3 29, 5±19 

5,45 I, :l±0,4 2,I±0, 3 4 ,0±1,3 6 , I±I ,4 4 ,8±0, 9 0 023 060099 70+20 24±7 46±II ±~.003 ± ,00!3 -

5,82 0,64±0 ,30 I ,6±0,5 I ,0±0,7 2,6±0, 9 0 OI2 
±6,004 

0 005 
±6,002 I03±4:l 63±30 40 

6 20 
±6,oi 0, 55j;O ,I5 4 ± I 2 ,2±0,8 6 ,2±I,3 6 ,7±2,0 0 03I 

±6 ,006 
0 OI3 
±6,002 I06±3I 68±23 38±I7 

6 ,40 4 ,6±0 ,6 II ,5±0, 4 53±5 65±6 55±4 0, 30 0 liS 63±I5 1!±3 52±!3 ±0,01 ±0,02 ±0 ,008 

x ) 

* - OTMe~eHbl ypOBHH, napaMeTpbl JtOTOpbiX 8 3 RTbl H3 pa60Tbi /
2 / • 

E , a "or, "o ry u · <r Y +. r r) "or 2gr 
n 

2gr: r r, ['y 

38 6ap H , 3 8 M 3 8 

7 095 I , 4;t0,2 9,I;t0,4 I3.:ti 22.:ti 20.:t2 O~Il5 0 043 52.:t9 2I.:t4 3I:t5 .1~ , 015 .:t ' 006 .1~,002 

8 77 
.:t~ , 02 0,55;t0,07 I06.:t4 58.:t5 I64.:t6 I78.:ti4 I I5 

.:t6,o5 
0 39 
.:t~,02 II3±I7 73:t.I2 40.:t7 

9 30 
;t6, 03 0,50;tO,W I3,I;t0,5 6 ,8;t0,9 20.:ti . 2I.:t4 0 I47 

;t6,0I4 
0 048 
.:t6,oo5 I0~43 72.:t30 37.:ti5 

9 73 
:t6 ,o6 0,46;t0 ,27 4,3;tl,O 2.:ti 6,3;ti,4 0,047 

0, 015 
000fj 
.:t I ' i05 I27.:t74 87:t5I 40 

I0 ,20 0,87;tO,I3 4,6;t0,6 4,0±0 ,8 8,6;ti,O 8, I:t.I 1 ~ 
u 066 0 021 38.:t23 4 7.:ti3 4I:t.I4 

1-' :t.0 ,05 .:t6,o06 +6 002 
w - ' 

I0 ,65 - 0,5 - ~ ..... I :t.0 ,06 - 3 .., 0, 0~5 ...._ 0,007 120 80 40 

II , O? 
:t.0,03 "' 2,0 - 1 - 2 - 3 "'- 0 , 0~6 '"'" O,Ou8 60 ~0 40 

11,66 
;t0 ,04 6 ,~0.:t0,06 I0,5;t0,3 63.:t5 73.:t5 66.:t5 0 6~ 

:t~. 03 
0 182 
+6, 009 68.:ti3 9.:t2 5~II 

I 2,39 I ,8;t0 ,2 47:t2 85.:t5 I32.:t5 I37.:tiO I 29 0 367 65.:t9 23.:t4 42.:t6 
:t.O ,U4 +6,os +6,014 

12 ,82 0,63;tO , I6 3,I;t0,4 I, ~;t0 , 6 5,0;t0 ,8 4,3.:ti ,O 0 046 0 OI3 IOO.:t40 6I.:t24 39;tl8 
:t.0,04 .1~, 006 ;t0,002 

13,28 0,8'i±0,22 3,0;t0,5 2,6;t0,8 5,6;t0, 9 5,B;ti , 4 0 057 0 016 90.:t30 5I:t.I6 4?;tl7 
;t0 ,05 .:t6,oo9 .:t~ , 002 
15,67 0,42;tO,I5 3,7;ti, ~ I,5;t0,8 5,2;t2,I 0 ,055 O,OIS I35;t4t$ 95;t34 40 
;tO , IO ;t0 , 0~3 ;t0,006 



E, a u ·o r, u ·o ry u 0 (1y+r,> "or 2g['n 2gr: r r ['y t 
9 B 6apa. 9B M9B 

13,~8 0 ,23±0,II 30±7 7 ± 3 37±8 0 40 Oil 214±_102 174j:88 40 ±0,05 - ±~,09 ±~,03 
14,50 1,2±0,2 7,3.:t,1,9 8,7.:t,2,7 16±3 - 0 18 u 047 73±12 33±5 4U ±0,06 ±~ , 04 ±0,00~ 

15,42 1,1±0,1 10,4j:0,4 12±1 22±1 19±2 0 24 0 061 93±27 4lf±I3 49±14 ±0,05 ±~,01 +~,003 

16,08 2,1±0,2 ~,6±0,3 20±2 30±2 26±3 0 35 0 087 41±10 10±3 31±7 ±0,05 ±6,02 ±0,006 

16,66 0,7±0,1 13,7±0,6 9 ±I 23±1 23±2 0 30 0 074 74j:I9 44±12 30±8 ±0,06 ±~,or i>,003 
f-' ... 

16,90 ,..,3 .... I - 3 - 4 - - 0,05 .... O,OI3 53 I3 40 ±0,10 

18,05 0,5±0,1 17,3±0,7 ~ ± 2 26±2 26±3 0 36 0 085 108±26 72±18 36±10 ±0,06 ±~,03 ±~,006 

18,6 - 0,6 ,.., 3 -2 "' 5 - - 0,07 - 0,02 107 67 40 ±0,1 

1~,30 
±0,05 0,8±0,1 II2±4 90±10 202±II 22~±14 3 2 

±~,13 
0 73 
±0,03 108.:t.10 6CJ±7 48±6 

20,10 0 ,7±0,3 3,5±1,3 2,5±1,4 6±1,9 - 0 09 0 020 97±41 57±24 40 .:t.0,08 +~, 03 +0 ,006 

20,62 1,8±0, 3 5,8±0,8 10,4±2,2 16±2,3 - 0 25 0 055 62±10 22±4 40 ±0,06 ±~,04 ±~,008 
21,13 1,6.:t,0,3 33±1 53±10 86±10 65.:t.II 1,22 0,26 60±15 23+6 37+11 .:t.O,OS ±0,12 ±0,03 - -



E' a CT ·o {'
1 "ory "o (r >' + r I J "or 2 g£'

0 2g[: r r rY I 
311 

15apH. 3B .~ 38 . 

21,8 ., 0 ,5 - - "' I - ...., O,Oc ...., 0,0051 170 130 40 ;tO,I 
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KpHB8R nopTepa-ToM8C8 .OJTR 73 ypOBHeA II z: 1, 
,am:1 78+20% ypoeHeA '-' "" 1. 

PHc . 5. Pacnpe.aeneHHe nenH T enbH hiX wH pHH JJ.JTH aHepre
TH'"leCKH X yt;.BCTKOB 0720 38 (32 ypOBHSd H 0-750 38 

(78 y p os He A) . KpHB ble nopTepa- ToMaca c v ""4 . 

24 

i 
~~~-r----~---r--~~--~ 

Sl I I \ I'• I I I 
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pHCyHKe 3HepreTHqecKHX yqaCTKOB. 


