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3HatieHHe npouecca ;AOJIOHHH ]\JUI TOXHl1Hl,J l1 lltl13Hl1 t1eJIOBet1eCTB8 

onpe;AeJIHOT HCHJl!OqHTOJl:bHUii HHTepec H ero l13Y\18Hl110. MCCJIO.ll,OB8Hl1H 

. HeiiTPOHHUX pe30H8HCOB .ll,OJIH~HXCH H;Aep ;A810T l\OHHUe peayJI:&TaTU 

;AJIH peaHTOpHon. 4)113l1H11, a T8Hllte HHq>OpM8U)110, HOTOpy10 MOlltHO np111.ie

HHT:b ]\Jill l1HTepnpeT8U)1!,J ;A8JIOHl1ll B CBOTe HOBUX 11;Aei1 B Teopl111 n.v,pa. 

B ll0CJIO;AHl1e rO;AU npoBO;Al1TCH MHoro 113MepeH11il llOJIHUX 11 

napD,llaJI:&HUX cetieHHii B3811MO;AeiiCTBHH pe30H8HCHhlX HeiiTpOHOB C 

;AOJIH~HMHCH ll;ApaMH Ha 11MIJYJI:bCHUX HeiiTpOHHUX cneHTpo~eTpax no 

I BPOMOHH npoJieTa, HanpHMep, /I,2/,. 

r~ . CTpOMJl8Hl10 llp0B8CTH ()OJiee .ll,OTaJl:&HOO 113Y'llBHl1tl CBOilCTB 

B03Clyllt;AOHHhlX ypOBHen onpe;Aemwo. IIOCT8HOJJHY paooT no Hauepe1rn10 

llOJIHUX 11 napl1,ll3Jl:&HUX cet1ett11ii B38~lMO;AeitcTB11H pe30H8HCIIUX Het!Tpo

HOB C ;AeJIH~MHCH ll;ApaMH npl1 y111epeHHOM paapeweHHl1. ;;JHCllep11uoHTLl 

6uJI11 npoBe;AeHu B I967-6Brr. c Tpel4H H3oTonaMn l/ .::s3 , V 255 

H & 239• 0Hl1 HBJIHIOTCH npo.V,OJIJKOHl10M npOBO.l\11/JUX B JiadopaTop;rn 

HOilTpOHHOH qll1311HH Ollflll 11CCJ18AOB8Hllil HBiiTpOlll!lJX pe:;OHDIICOB 

·.v.eJIH~l1XCH ll'AOP /3,4/. 

M3IaepeHl1ll ()UJil1 npOBO.l\OHU MOTO]\OM ilp8M8Hl1 npOJieTa C 

HMnyJI:&CHhlM ClUCTpUM peaI(TOpOM (MEP) OIAfH1 /5/ B H8'1lOCTJlO 11CTO'll

Hl1H8 pe30H8HCHhlX HeiiTpOHOB. 

SHcnepl1MOIITDJlbH8H llHiJ)Opuauwn 8H8JIH311p0BlJJ!8Cb ]\JIH IlOJiyqe

HHH napaMeTpOB HOilTpOHllhlX p030H8HCOB .l\OJIH:IJ,l,lXCfl fl]\Op. 

;ZJ.anee 11CCJIO.l\Oll8Jil1Cb CT8THCTH48CHl1e CBOiiCTB8 3Hcnep111.ieHT8JI:b-

HliX HadopOB napuwaJl:&IIUX pe30H8HCHUX 'u111p1111. 1lapmJOTphl pacnpe;lle

JIOHl1H 3THX BOJil1'1lHH CBH38Hli C xapaHTep11CTHH8Ml1 npouecca 'AOJ101111H, 

Dli3BaIIHOro MO,D;JieHHhlMlf Hel\TpOHaJrn. 
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AH8JUl3 ycp8,llH8HHbl:X: ceqemf.ti ,ll88T BOSUOlltHOCTI> ,ll8Jl8TI, 

BblBO,llbl O M8X8HH3M8 npouecca ,ll8Jl8HHH Ha OCHOBe rHllOT83bl 0 

,llByropC5ou 6apMpe /6/. PacqeTil TaHoro THna no aiiaJIHsy 

CTPYKTypbl B XO,ll8 ceqeaua ,ll8Jl8HHH MOlltHO npOBO,lllfTI, TOJII,KO Ba 

,llOBOJibBO MOlllBblX BbJqHCJIHTeJII,HblX MamHaax,aanpuuep, THna ESCM-6, 

KOTOpblMH' pacnonaraeT OilllH. 

B HaCTOHl!l8i1 ,llH6cepTa~H on11caaa M8TO,llHKa 8KcnepHM8HTa 

H IlpHB8,ll8Hbl peSyJII>TaTbl HSMepeHH.lt H OC5pae50TKH 8KCnepHM8BT8JII,HO.lt 

l-lBg)OpMa~H. B nepBOit rJiaBe pacc1.1aTpHBaeTCH M8T_O,llHKa H npOI{8,llypa . 

usuepeauit u.npHBO.llHTCH pesyJII>TaThl, nonyqeaa!le aenocpe,llCTBeaao 

Ha 8KCnepHM8HTe, a T8Kllt8 npH MHKp0CKOllHqecKOM aaam,se ceqea11a. 

BTopaa H TpeTI>H rnaBil llOCBHlll8Hll CTBTHOTlfqecKHY pacnpe,lleJieBHHY 

p880H8HCHilX napaueTpOB H KOppeJIHI\HOHHilY 88BHCHMOCTBY M8llt,lly 

HHMH. B q~TB8pTOit rJiaBe cyMMHpOBaHbl pe8yJibT8Tbl aaa;IUl88 yope,ll

H8HHblX ceqeauit B aaepreTuqeCKOY HHTepBaJie O - 2000 8B. 

MaTepuaJill, H8JIOX8HHil8 B ,llHccepTai{HH, ,llOKJia,llllBBJIHCI, ea 

BC8COJ03BllX H M8llt,llyH8pO,llHilX COB8l!l8HHHX H KOHg/8~8HI{HHX ~XIX 

ellterO,llHOe COB8l!l8HH8 no H,llepaoit cneKTpOCKOllHH H CTPYKType 

8TOMHOrO H,llpa, EpeB8H (1969), KOBqJepeBI{Hfl no g/HBHK8 H XHYHH 

,ll8Jl8BHH,B8H8 (1969), aarJIO-COB8TCKHil ceYHHap no fl,llepuw, 

,ll8HHblM ,llJIH peaKTOpOB) H onyC5JIHKOBBHil B naqaiu /7-II/. 

}!eTO.llHK8 H8M8p8HHtt, oC5paC50TK8 H pesyJIDTSTbl. 

. IlponeTaoe paccToaa11e { l) cocTaBJIHno 1010 11. Bpe11eua1:1e 

Cll8KTpl:I perHCTpHpOB8JlHCI, 4096-KSHBJibBblYH 8H8JIH88i0p8MH C. 

mHpHHBMH K8H8JIOB 8 H 16 YKCBK. 8TO o6ecneqzBaJio paapamaHHe 

4 °'fL ~ ~40 -t 55) aceK/u. 
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AJIH perucTpa~H 8KTOB A8Jl8HHH H pa~aUHOHHOro 38XB8Ta 

HCllOJII,8QB8JICH lltH,llKOCTHblH CUlfHTHJIJIHUHOHHilli.,lleTeKTOp o6~eMOM 

500 JI UHJIHH,llpnqecKOit qiopMbl Ha 0CHOB8 Tonyona c ,ll06aBK8MH 

napa-TapqieHHJia H HO!IO!I /12/. C llOMOl!lbIO o6e3BOllt8HHOro M8THJIOBOrO 

cnnpTa B paCTBOP 6blJI BB8,ll8H nponHOBOBOKHCJiblit HB,llMHli B KOJIH

qecTBe, 06ecnaqHB8!011l8M OTHOill8HH8 qncJia H,llep K8,llMHH K q11cny 

H,llep BO,llOpO,lla, paBH08 0,004. HCCJI8,lly8MblH o6paaeu llOM8l!l8JlCH B 

U8HTpe 6a1rn B reOM8Tpl:rn,6ml3KOtt K 1/Ti • 

ParHCTPBUHH 8KT8 ,ll8Jl8HHH COOTB8TCTBY8T 38.ll8Pllt8HH08 COBll8,ll8-

HH8 .llBYX COt5IlTHit: l) HcnycKa_HHH MrHOB8HHblX O - nyqen ,ll8Jl8HHH' 

qlHKCHPYIOlllHX ;JOM8HT ,ll8JI8HHH H 2) aaXBaTa K8,llMH8M O,llHOro H3 

38M8AJIHBWHXCH H8i1TpOHOB ,ll8Jl8HHH, g)HKCHpyIOl!l8rO CBM WBKT ,ll8JI8HHH 

H ,ll810l!l8rO B peayJII>TaTa K8CK8,ll B cpe,llH8M H3 qeTblpex 0- KBSHTOB 

C llOJIHO.lt 8H8prHeit- 9,2 ,t::rn. Pa,llHiJ~OHHblH 38XB8T HeliTpOHa ot5pa~

I{OM conpOBOllt,ll88TCH ncnycKaHH8M HeCKOabKHX a- KBBHTOB C 

llOJIHOil aaaprnan I paBH0.11 SHeprHH CBH3H aettTpoaa B oopa30B8BW.8!.ICH 

H,llpe. 3B.ll8Pllt8HHOe COBll8,ll8HH8 COOTB8TCTBOB8Jl0 aKTY ,ll8Jl8HHH H 

8TB HHq>OpMS~H H8K8llJIHB8Jl8Cb O,llHHIJ H3 Bp8M8HHblX 8H8JIH88TOpOB. 

AKTil t5ea conpOBOllt,llBIOl!lero HMnynI>ca perHCTpHpOBBJIHCb ,llpyrHM 

BpeU8HHblM 8H8JIH88TOpOM. llOCJI8,llHHH HHq>OpMa~H BKJIJOqaJia COt5blTHH, 

OTHOCHl!lH8Cfl K pa,llHBUHOHHOMY 88XBBTY H8.l1TpOHOB ot5paauou, ,ll8JI8HHJO, 

H8 aaparHCTpHpOBBHHOMY B ,ll8JIHT8JlbHOM K8H8Jl8 H, H8KOH81{, qioay. 

ilpH HSMapammx yqlfTI:IBSJICH IlOCTOHHHiltt qioa, C03,ll8B88Mbli1 

pa,llHOBKTHBHOCTblO Il0M8l!l8HHH, KOCMHqecKHM nanyqaHH8M H 8CT8CTB8H

HO.l1 0 - 8KT.IIBHOCTbJO o6paaua' q>OH OT P8Ul'IKJIHqecKHX ae.ltTpOHOB, 

qioa, CBH38HHilit C pacceHHH8M H8iTpOHOB nyqKa Ha KOJ!JI.IIM8TOVBX, 

aarnymKBX H8.l1TpOHOBO,ll8, KOHCTPYKUl'IOHHblX M8Tep.11aJ1ax ,lle>.reKTopa 

H T.,ll. 1 8 T8Kllt8 qJOH 88Il88,llblB8JO~.IIX H8i1TpOHOB peaKTOpa. 
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Eum1 npoBe,lleH!l OT,lleJII,Jllle li3Mepemrn C li,llBHTHllHUMli o6paauaMH 

U238 H cBnttua AJIH onpegeJieHHH BRJia,lla B aRcnep11MeHTanr.ttull 

cneRTp pa,llHaUJ40HHOro aaxBaTa BellTp~BOB OT noTeBU)4aJII,HOrO 

pacceHHllH. 

,AJIH yMettr.mam!ll BRJia,lla IIOTBHUll8JII,HOro pacceHHHH MeJK,lly 

llYBCTBHTeJII,HUM .ol5MMOM ,lleTeRTOpa H o6paauoM noMell(aJICH UllJiliH,llpli-
' 6 ' 

llecR11ll cl)nJir.Tp 143 nopomRa di F TOJill(liHOil 3 cu. JlJIH yMettr.memrn 

pacceHHliH HellTpOHHOrO ny-ql(a Ha B03,llyxe BHyTpeHBHll npo,llOJII,Hblll 

Rattan ,lleTeRTopa OTKallnBaJicH_ 'AO I MM Hi • (llo~ _cny-qaiiJlux 

COBila,lleHllil npli perncTp8UJ4ll l-t8Jl6HHH onpe,lleJIHJICH .MeTOl-tOM aa,llepxaH

HblX COBna,lleHH.il. 

BRJial-tll Bcex pacCMOTpeHHllX cJ/OHOB CllHTaJI11cr, CTaTHCTlillBCRH 

HeaaBllCHMhlMll H CYMMllPOBaJIHCI,, llTO, llO-Bll,llllMOMY, cnpaBe,llJIHBO, 

TaH HaR npoclleTU Ha-aa HaJIOSeHHH HMnyJir.COB B npe,lleJiaX M8pTBOro 

Bp8M6HH perHCTPHPYllJlliliX CHCT6M He npeBUmaJIH (I~3)% H y-qHTllBa

JIHCI, npH o6pa60TRe. 

JlocJia ylleTa g)OHa ClleiT B RaHaJieJ perHCTpllpyIOll(811 pa,llllaUJ40H

Hhlil aaxBaT, onp8]!8JIHJICH TOJII,RO aRTBMH pa;qHaUJ,iOf!BOro aaXBaTa H 

,ll8JI8HHH, Ha aaparHCTpllpOBaHBhlMH B ,ll8JIHT8JII,HOM RaHaJie. 

· B H3M8p8Hl:IHX nponyCRBHHH HCnOJII,30B8JICH SH'AROCTHU.il 

CU)4HTHJIJIHU)40HHblll 6opoCO,ll8J>lltall(lill ]18T8RT0p /13/. 

Bea HH(J/OpMaU)4H, noJiylleHHaH B HaMepeHHHX ,ll8JI8BHll, · pa]!Ha

UHOHBhlX aaXBaTOB H nponycRaHHH, OT,ll8JII,HblMH cepHHMH nape,llaBaJiacr, 

. no Ha6eJIJO Ha aJiaHTpOHHYJO .Bulllic.llllT8JII,HyJJ uamHay, r1te npoBO,llHJiac1, 

ee. _nepBHllHBH o6pa6oTRa. 

MHRpOCHOllHll8CRHll attaJIH3 H3!.18pH8MblX C8ll8HHil ,npOBO]IHJICH 

M8TO'AOII llJIOnta,llal.t no O'AHOypOBH 8BOll · qiopuyJie Iipe!Ta_-BHraapa. 6ea 

YlleTa HHfepi,pepeHUJ4H M8JK,lly peaoaaHC8Mll. 
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CBfl3I, M8~l-tY cyMMapHblM llHCJIOM OTClleTOB l-t6T8RTOpa no BCeMy 

peaottaHCY' He aaBHCllll(llM OT paapememrn HeiiTpOHHOro cneRTpOMeTpa 

no BpeueHH nponeTa H napaMeTpaMH aToro peaoeaHca,l-taeTcH /14/: 
. r; ZN:=n(E.)e,,, Af. (-no,r,3P-..,o), 

t (I) 

?- N/== (){E.)Ec ~ (H ::~ ) A_r. {n~,fl, <qr,,,,,~)J 

' 
r,lle n ( E~) ~ llllCJIO HeiiTPOHOB B B'AllHllllHOM aHepreTlll!eCROM 

llHTepBaJie, 11a,llaIOll(liX Ha BCIO nJIOll(a]tI, o6paaua aa BpeMH H3MepeHHM i 

.r, '+/7c. 
1
1;.,, - noJIHBH, l-t8JIHTeJII,H8H, nOJIHaH pa,lll1aJJ,00HHall H 

HBilTpOHHaH lllllpliHbl paccMaTpliBaeMOrO ypOBHHi Cl, tc I en, - BiI/1]/eR

TllBHOCTll per11cTpaUJ4ll aHTOB ,ll6JIBHHH, pa,llH8Ul10HHOro aaxBaTa H 

HeiiTpOHBOrO. pacceHHHllj flco. - nJIOll(a;zir, npoBa118 Hal{ RpHBO.ti 

nponycKaHHH; n.D - TOJill\llHa (H'A/CM2) ;1{6T6l(T0pHOl'O o6paaua; 

~ - ]{On11JiepOBCl(8fl illllPHHa; CJ -. CT8Tl10Tlll!8CHHH (~8RT0p. 

11a 'ABHHblX no nponycHaHHJO onpe;l{eJIHJIHcr, nJIOllla'AH npoBaJia 

HB'A IqlllBOll nponyCRBHllH! 

A fo -= .f ( ~ ['~ / 1
, LJ I nr ) (2) 

n.r - TOJill(liHa nponycHaro~ero o6paa~a. 

ll3M8p6Hlill C8MOHH'AHR8Ulil1, B ROTOpblX 11CnOJII,30BaJICH ;ll8JIHT6JII,

Hhlii HaHaJI ;ll6TBKTOpa, llM8101l(Hii Hll3Kllii YPOB,6HI. q,oHa, n03BOJIHJOT 

noJiyqaTL B8Jlllll11HY: 

S(D1'): 4 fnDm,.)- {Jin,.}= f-N;, (np+nr) exp(17r<Ji, )/ 
/l(n,o) );..ft1/n.JJ) 

' 

(3) 

~ - ceqemrn noTeHUHBJILHoro pacce1rn1rn, onpe;l{eJIHeMoe no 

nponycRBHH!O hl8JK,lly peaOH8HC8Mll. 
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if;., H r paCCt{JJTHBaJIHCI> Ha 3B1f UeTO,D;OM HaHUeHl>llmX KBa,D;paTOB 

H3 ypaDHeHHff (2) ll (J). lbtcJIO ypannenHff onpe,1teJISJIOCI, HMHt{Heu 

,D;DYX THilOB H3Uepema, a raue H tiHCJIOU o0pa3UOB - necXOJll,KO 

,1tJ1R Ita%,ltoro H3uepeus. xapaxrepHCTHU.H3KepseJWX odpa3UOB 

npHBe,D;eHU Ha ra0JIHU8 l. 

U~5. 
• H3uepsewe o0pa3nu, odoraJlleHHue HCCJ1e,1tyeKW1 H30Tonou 

,D;O 90%, .OHJIH D DH,D;e ueraJIJIHt{8C.KHX nnacTHH·H ODCH-3a.KHCH, 11ane

ceHHOff Ha aJJDKHHHeByD ~OJJ1>ry nnOl!la,D;l>D 250 cu2• Ypo1en1, ~OKa B 
- "! . 

KaJlaJie ,D;eJieHHff - (0,J ♦ J)~, a B MKaJie pa,D;Hal.UIOHHOro 3aXJ&Ta 

- (8 + 20)~ or cqera B pe3oHaace 8,78 a1. 
1 T 235° 

IillJIH onpe,1teneuu napauerpu 78 pe301aucnux ypo:aneff v 

n aueprerHqecxoa· oOJiaCTH 2 + 50 an. 
230 pl,(. • B H3Uepeusx HCilOJIJ,301MHCI, ueraJIJIHt{8CUe odpa3Ull 

D 2.!>9 
nnyTOHHS C CO,D;epxaHHeM ru.. 97,5~. YponeH1>.~0H& BO 1peueHHWC 

cne.tTpax ,D;eJleHHR H pa,D;HaltHOHHOro 3&Xl&Ta He npe1umaJ1 COOTICTCT

DeHHO 15~ x JO' or cqera D peaouaace npH E0 ~ 7,83 31. EHJIH 
D 23~ 

onpe,1teJ1eHu napauerpu 321POBHeR ,u D aneprerHqecKoff oOnacrH 

5 - 85 3B. 

U2~ BHCOXHR ~OH llt8CTKOfO ll"' - H3JlyqeHHS ,D;oqep!IHX npo

.ltYKTOI pa,11;uoaxrunuon uenoqxu pacniua ypaxa He no31onHJ1 npuue

HHTI> onHCaHHYD uero,D;HKy H3UepexHR aKTOB ,D;8Jl8HHS H p8,JtHaLtJIOH!fOro 

3ax1ara. IillJIH no.nyqeJ1u Ha H3Mepeun nponyc1:aJuu1 1e.naqH11H ~ {'.,,,, 

H r ,D;JIR IJ ypoBBeff B 3HepreTHt{8C:10'1 OdJiaCTH 0,5 ♦ 20 31. 

8 

- Ta6JIHua l 

Xapa.KT8PHCTHKH o6paauoB ypaJJa-233, ypaaa-235 
H nnyTOHIHI..:239. 

Tun .l{8JI8HH8 1 

HsoTon 
H3M8p8HHH P~11lm110HHlllt IIporrycKaHHe GaMOHH,llHKaUHli 

srurnaT 

YpaH-233 -4 2,5.IO 
-4 (TOJllllH!la 4,9.IO 

li,ll8p/6apH) 7 ,1.10-4 

9,7.rn-4 

YpaH-235 · 8,31.10-5 -4 -3 
4,21.ro-4 4,27.IO = 2,14.IO 

(TOJll!ll'IHa 2,14.ro-3 -3 
2,14.ro-:-3 = 2,27.IO 

li,ll8p/6apH) -2 = 4,21.10-4 
I,30.I0-2 I,30.IO 

' -2 
-2 2,20.10 

2,20.10 

IlJiyTOHH!i-239 -4 2,85.IO 2,85.I0-4 ' -3 = I,28.IO . 
(TOJll!lHHa -4 5,88.I0-4 -4 
li,ll8p/6apH) 

5,88.IO = 2,85.IO 
-4 I,28.I0-3 = 5,88.I0-4 8,8 .IO 
-3 I,28.IO 2,70.10-3 I -3 = ,42.10 
-3 2,70.IO 
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PeayJILTaTaMll 8TllX ll3M6p6Hllil IlO;z:\TBep~eHO HaJIHqHe CJia6ux 

ypOBH6H COOTB6TCTB6HHO Ilpli Ei = 9,7; 10,65; 11,05; 21,85 

H l2,4 aB B U 235 H npH E;, = II,5; 49,6; 58,6; 63,4; 

69,9 8B B & 239• 

Cp6AH66 paCCTOHHll8 M6llt;llY ypOBHHMll (6ea pa8'A8Jl8HHH no 

CilHHy) coc:TaM.IIeT 1,IJIH U 235 <.!) ?: 0,63+0,05 SB H AH.II 

PL{ 239 <D:> = 2,68 .:t 0,25 8B. 

.DOHI,lll06 qHCJlO H8M8P8Hllil (cM.Ta6m1ey I) ll COB6Plll8HCTBOB8-

HH6 M8T01,IHHH Il08BOJllllIH aaaqHT8JlLHO IlOBliCHTL H8'A6lltHOCTL noJiy

qeHHUX peayJILT8TOB B cpaBH6HHll C H8M6P6HHHMH /3,4/. 

PaccqHT8HHll8 ll3 HeHTpOHHllX llllipllH ll paCCTOHHllil M6llt1-IY ypOBHHMll 

aaaqeHllH CIWOBOH Q>yHHizylll. s~ /15/ 1UIH 11 235 ll Pu., 239 corna

cyJOTCH B npe;z:\eJiax Olllll60H co aaaqeHllHMll, noJiyqeHHllMll ll8 8H8Jlll88 

cpe1-1a0x ceqeaHil norJio~eHHH aeilTpoaon B o6JiaCTll aaeprHil 

0,~ + 30 RSB. 

CT8TllCTHqecRll6 CBOHCTBa aettTpOHHllX pe80H8HCOB. 

AH8Jill3 8RCnepHM6HT8JI:&HllX 1,18HHllX O napaMeTpax HeilTpoirnux 

p630H8HCOB B 60JILlllOH Mepe OTHOCllTCH K CT8TllCTHqecKllM pacnpe;z:\e

JieHHHM napaMeTpOB ypOBHeH. TeopeTllqecKHEi npe;z:\IlOCllJIKll onpe1,1eJ18HllH 

WYHRizylll pacnp6A6JI6HllH HE)HTPOHHllX mHpllH OCHOBllB8JOTCH Ha paccMOT

pemrn 8MilJlHTy1,1u, npHB6;z:\8HHOH aettTpOHHOH lllllpllHll B pa1max M01,18JIH 

COCT8BHOrO H1,1pa. Ila CT8TllCTHqecKHX cooopallteHHH ll O;z\HOH8H8JlL

HOCTll npo~ecca HettTpOHHOH 8MHCCHH CJI6;IIY8T, qTO aaaqeBHH 8MilJlllTYA 

npllB61,18HHllX H8ilTpOHHllX lllllpHH no;z\qllHHIOTCH rayccOBCKOMY pacnpe;I1e

Jl6Hlll0 C HYJ18BOH cpe1-1aett. Pacnpe;I18Jl6Hll6 C8MllX npllB6;z:\6HHllX 

HeilTpOHHUX lllHpllH 6CTL pacnpe;z:\8Jl6Hll6 IlOpTepa-Touaca /16/, 
ll. 

ROTOpoe HBJIHeTCH X - pacnpe;z:\eJI6BH8M C 'll!CJIOM CTeneaen 

IO 

CBOOO;z\ll V = 1. P83BllB8H 8TO npe;z:\CT8BJI6HH6., MOlltHO CqijT8TL, qTo 

lllllpHHll npo~ecca, KOTOpliR npoTeKaeT C O;llllH8KOBOtt B6pOHTHOCTLIO 

qepea )I - H638BllCllWX K8H8JIOB, no1-1tiHHHIOTCH X :z.. - pacnpe;lleJieHHIO 
. . l 

C qffcJIOII CTeneHeil CBOOO;l\ll V • 0CHOBH06 CBOHCTBO X _- pacnpe;11e-

JI6HllH B6JlH'IIHHll i' co cpe1,1!1Hll 8H8'1181il!6M < f") : 

<r? 2. / VtU" (' = .::!,_ (4) 
2. 

B COOT:B6TCTBllll C Blip8:at6Hll6M (4) H3 8l{Cil6pHM6HT8JlLHOro 

Ha6opa napWJaJILHhlX lllHpllB 6UJill onp6;1l6JI6Hll qllcJia CTeneaett CB0601,lll 

pacnpe~eJieHllH npHB6;z:\6HHllX H6HT;OHHUX lllllpllH V' 23~ 

.v = r;o .t 0,1· i Pu- 239 v = 1,2 .t 0,1. CpeAHHe npHne1-1eaaue 

aeilTpOHHlie -~llpHHll ~2.ir.;7~·0,107~0,017 MSB ll 0,84~0,21 M8B 

COOTB6TCTB6HHO. 

.. Ila K8H8JlOBOil TeOpllH 1,16Jl6HHH /17/ CJI6;IIY6T, 'IITO cpe;l\HHH 

1,16JIHT6JILH8HlllllpllB8 38BHCllT CllJILBO OT CllllHa COCT8BBOro H;llpa. 

~JIH ti:eTH0-'118TBllX COCT8BBllX H1,16p, 06p830B8HBHX·npll 38XB8T6 

S - aeilTpOHOB U 23~, V-235 ; Pu 239 (cllllB I H;llpa-MHmeHll 

OTJIHti:68 OT HyJIH) cpe;z:\ll B80Jll01,186MllX 8KcnepHM6HT8JlLBO P680H8HCOB 

1-IOlll!tBll npOHBJIHTLCH ;z\B8 ll01,ICllCT611ll ypOBHeil, COOTB6TCTBYJOlllH6 1-IBYM 

CIIHHBM cocTaBHoro H;z:\pa J"' 1 ±f • Kpo11e CnHHa 8TH no1,1cHcTa11u 

ypoBHBI xapaHT8pH8YJOTCH CBOHMH cpa1,1BHMH 8H8'118HllHllH peaOHBBCHliX 

napaueTpon, Hanpnuep, Cp81,IBHMH 8B8'118HHHMH ;z\6JillT8JILHllX WHPHH ll 

'll!CJIOM aqxpaKTHBHO OTKpllTllX K8H8JIOB. 

8HcnapllM8HT8JILBll8 aa6opli 1-IBJIHTBJILBllX mHPHH OllJIH 8H8Jill8H

pOB8Bll MBTO;z\011 H8HM6BLWHX HB8AP8TOB B llp8;I\Il0Jl0llt8BHH 1 'IITO HX 
z. . 

pacnpa1-1enaaua onucaBaaTcH cyMMOil Ha ;z\Byx :t' - pacnpe1-1eneaHtt. 

·Taxott 8B8JIH3 1,188T B08MOSHOCTL onpe1,1eJIHTL CP6AHH8 1,16JlllT6JILHll6 mHpHBll 

H 'll!CJIO Bqxl>6HTHBHO OTHpliTllX K8B8Jl0B 1,IJIH H8S1,IOrO CilHHOBOrO COCTOHID!H 
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COCT8BHoro HAPS, He 8H8H auaqeHHH CilHH8 HH,AHBHm'8JiliHWC ypOBHett. 

PeayJiliTaTH auaJIHaa .1teJI:0T8JIHHX mHpHB V 235 H ll,i 239 npe,1tcTaB

Jieu1,1 B Ta6JIH~e 2. iloJiyqeuu1,1e auaqeuHH cpe,AHHX ,1t8JIHT8JiliHHX IIWpHB 

no ABYY CnHHOBHY cocTOHHHHY cocTaBuoro H,Apa V ~ 6 corJiaCYJ)TCH 

c TeopeTHqecHHMH o~eHHaMH /18/. Cill'IHH peaouaacu1,1x ypoBaett Pu..~~ 
H8B6CTHl,I ,AOBOJiliBO xopomo, qTO ,A86T B08YOSHOCTli BH8JIH8Bp0B8Tli 

CnHHOBl,18 ll0,AOHCT6MH B OT,A6JiliBOCTH. IloJiyqeuu1,1e npH 8TOM cp8,AHB8 

auaqeBBH ,A8JIHT6JiliBl,IX mHpHB B lfflCJIB 8q>q>8KTHBBO OTHpl,ITl,IX H8B8JIOB 

corJiaCYJ)TCH C peayJiliT8T8MH, np8,ACT8BJI8HBlilAH B Ta6JIB~8 2. SaaqeHHB 

qHcJia CTeneuett CB060,Ali corJiaCyllTCH C H8B8CTBHMH ,A8BBHMB /19/ o 

cneHTpe nepexo,1tusx cocTOHHHtt l/ 236 B & 240 B ce,AJIOBOtt TOqKe. 

Ta6mu~a 2 

fl.Apo. 'J y <IJ > 

u 235 9 2,8 .± 0,9 ·33,3".:t 5,1 16 

7 
3,2 .:t 0,6 81,5 .± 5,3 16 

-
pt,(, 239 3 1,2 .± 0,6 45,1 .:t 7,0 '7i 

l 1,3 .:t 0,4 295,3 .:t 123,5 . 
4 

klcnoJili8YH llOJiyqeffBl,18 napaMeTpli ypo.BH8li & 239 
t MOSHO 

onp8,A8JIHU 'J - ql8KTOP ,AJifj ypOBH8ff C 60JIHHYH /;.. B np8,All0JIOS8HHH 1 

qTo f1c - B8JIIJqHaa llOCTOHHH8H •. Tor,Aa B COOTB6TCTBHH C COOTHome-

. HB81A ~ ::: fl- r; - (z1r../2-tj) MOSHO npHnHC8TD YPOBHHII npl4 . 

4= (44,6 BB); (50,18 BB); 52,8 8Bi 63,4 8Bi 66,2 8Bi 75 16 8B_ 

Cll14B 1: ( CJ = o, 75) 14 Ei= (41,68), CnHH o: ( fj- = 0,25). 
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(B CK06Kax npHB8,A8Hl,I aueprlll4 ypOBBett, ,AJIH KOTOpliX onp8,A8JI8Bl48 

CilHB8 B8 HBJIB8TCH O,AB03Baqa1,1y). 

iloJIYqeause auaqeul4H ·cnHBOB xopomo corJiaCYJ>TCH c peayJiliTaTaMl4 

paGoT /20/, B ROTOPHX onpe,A8JI8Hli CilHHl,I 60Jilimoro q0cna YPOBH8tt 

Pu. 239 148.14aMepeBHff peaoHaacaoro pacceHBHH 14 nponycKaBHH 

aelTpOBOB. 

IlpH 8H8Jil438 8KcnepHY6HT8JiliBHX ,A8HBHX no P83088BCHHM napaMeT

paY np8,ACT8BJlll8T HHTepec 143yqeHH8 KOppeJIH~I M8JEAY H141AH. ~JUI 

MBWHllHHX pacqeTOB oco6euao YA06HO HCllOJili30B8Tli CJI8ro'llll{88 Blipa:at8Bl48 

,AJIH K08q>q>l4~HeaTa xoppeJIH~l4 /21/: 
,.,.... - m H1,, 

m. {;, ,;,, roi: - ?;; r a. i r:,i (5 > 

rv~b= {[";ff~~-(,~ I'a,)j [ m /; ,;,~ -~~ fht r1J t 
r,Ae ~ , fbi - Jill6He nap~8JiliHH8 ml4p14Hl,I i -TDro ypOBBJt • PaCC'llHT8H

Bli8 B COOTB8TCTBHl4 C BHp8:18HH6M (5) K03q>qll4~8llTl,I KOpp8JIH~H M8:l,Ay 

nap~SJiliHHIIH p830B8BCllliMl4 ml4p14H8MH paBHH: 

U 235 

Pu.239 

rvfzir,..•, r;J = 0,16 .:t 0,28 
. . 

(" { zgr'.,.," I f"c} : 0,45 ~ 0,37 

r-( r+, re) = 0,19 .± 0,41 

,.. r~a.·, 0-J ~ 0,30 .-i 0,29 

rvfiir...~ ru ~ - 0,09 ~ 0,51 

r( ,-,f I r'c) .. 0,03 .:t 0,54 • 

Yxaaauuue Oml46KH BKJI11qa11T KBR 8KCll8pHM8HTSJiliHl,l8 OmH6HH 

HBll8P8HHH napaM8TpOB ypoBH8l:t fl f'ai .a f.,; 1 T8K B CTSTl4CTB~l8CKH8 
I . 

OH6KH I KOTOp!,18 onp8,A8JIHIITCH T811, uo tmCJIO qJieHOB PHAOB la; H /],; 

KOBeqao H PSBBO l1'l- • 8TH ;!{BS BB.AB OIIIH60K no B8JIHqHB8 3HattHT6JiliHO 

~pyr or ,1tpyra ae orJIHqa11rca. 
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llplf1UJBY llpO!IllJ.18BlflJ noJIOlltHTWIIiBOtt KOpp8JllJW!H M8lltJtY llPHB8A8H

BlJMH H8i!TpOBBlJl.!lf lf A8JI.llT8JII,HliMH l!WpHHaMH MOlltBO ll0lfCH8Tii B TOM 

W8KT8, qxo B 8KCnepHM8BT8 nponycHa8TC!J B8KOTOpaH qaCTI, ypOBBett •. 

TaK KaK BHcoxa peaoaaHca nponop~HoaaJI1>aa r,,,. , a m.Hpuaa f+., TO ypoB-

HH C (5om,mm,a fJ H MaJINM r,,,,_ t Te, y KOTOplJX 8TH B8Jll{qlfHli aBTH

KOpp8JIHpyJOT, 6y,IzyT HH3KHMH H lllll:pORHMH H Jierxo uoryT 6liTI, nponyll{eHU npH 

aHaJI.1!38 caqaaHtt /22./. BeJI!fqHaa H08iM)HW!8BTa KOppeJIHW!H 6YA8T 88BH~ 

ceTii OT qlfcJia npony~auuux ypoBHatt /22/. Haun noJiyqaaa_ aaBHCill.lOCTii 

,-(Zc;P.., f'+) OT qlfCJia npony~eHBliX ypOBHett llpll npeAllOJ!Ollt8Blflf, qTO . ' 

llPHB8A8BBli8 aettTpOHBlie mHpHBli llOAqlfHJ'IIOTCJ'I pacnp8A8Jl8HHIO llopTapa-
z. 

To1,1aca H A8JIHT8JII,HlJ8 mHpHBli "l'. -pacnpaA8JI8BHID C tn!CJIOII CTanaHatl 

CB060Ali Y • ,Il8T8J!IiBhl8 pacqeTli Ha Blitn!CJIHT8JIJ,BOff MamHH8 ASH 

OCBOBaHHe CA8Jl8TI, BliBOA, qTO npH paSyMBhlX llP8AllOJIOllt8BHJ'IX O BHA8 

pacnp8A8JI8HHH A8JIHT8JII,HliX mHpHH aa6JI10Aa8MYJD llOJIOUWJII,BYID HOppeJI!J

~10 M8lltJtY npHB8A8BHlillH uettTpOHHhlMH H A8JIHT8JII,BJiMH mHPHHaMH H8B08-

MOlltBO o67'HCHHTI, TOJILKO S\P(p8KTOM nponycK8HllH ypoBBett Ha SHCnepHM8HT8. 

WJIYKTYaW!H B caqeBH.H ,lt8JI8H.lfflo 

liCCJI8AOBaBH8 caqeHHtt, ycpaAB8HBliX no aaepre~.HqacK.HM HHT8pBa

JiaM, COA8pllta~HII 'AOBOJII,HO (50J!I,W08 qHcJIO peaoaaacHblX YPOBH8tl,UOlltHO 

llpOBO,ltHTI, B 8H8tn!T8JII,HO (5onae fillfp0KOM saapreTHqacKOII HHT8pBaJia, ·qay 

06JiaCTI, paapameHHliX peaoaaacoB. WJIYKTYaW!H Cp8,ABHX aettTpOBBliX 

caqaHHtt CBJ'Iaaali co CBOttCTBall.H pacnpa,1t8JI8HH'1 llJIOTHOCTatt H mHpHB 

YPOBH8'1o COOTB8TCTB8HHO HS ycpe,ltB8BBliX caqeHH! IIOZBO llOJiyq.HTI, . ~ 

CB8A8HHJ'I O P830H8BCB~X napaM8Tpax. 

MaTO.lt peaoaaacaoro rpynnoBoro auaJIHaa 6!iJI npe,ltJlozaa BnapBHe 

SraJIIiCT8WOII /23/ Ha OCHOB8 aBTOKOpp8JIHW!OHHOtt T8XBHK.llo·STOT.M8TO,lt 

38KJIJOqaaTC!J B .HCCJI8,ltOB8H.HH CT8THCiuqacKHX CBOttCTB llOJiy,JeHHOtt H3 

aanpepliBBOI'O SKCll8pllM8HT8JII,HOro cnaKTpa llOCJI8,ltOBaT8JlliBOCTH qucaJI 
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Oj , KOTOpue llP8ACTallJ.IHIOT ceqaaue, ycpeAH8HH08 no 8H8preT.HqecKOMY 

.HHT8PB8JIY W H onpe,1t8JIHIOTCJ'I B!ipallteHHeM: 

A(E}=f.[<r+(E'lff' -11 .6f' (6) 
0 <a;_(E') ff,") J . 

a.i = A {jw) - A[rj..;1) w]. , 
o; (c)- nocJI8AOBaT8JIIiBhl8 TOqKH 8KCnap.HM8HT8JII,BOro caqemm t D f --

paccTOHBHe M8JKJtY BHMH. 3aBHCH!JOCTii XOA8 ceqaaua OT V€ TaKHM 

o6paaou ycTp~Heaa. SaepraT!fqecKoe paapewaaHe aKcnep11.1.1eaTaJir,aoro 

ClleKTpa BalCJiai:iuBa8T orpaauiiaHHH aa noJIBNtt llHTepBaJI E , B KOTOpOM . 

llpOBOAHTCH 3TOT aaaJIHS, a T8Kllte H aa HBT8pBaJI ycpe;ltH8HlfH W , 

rJiaBHlJ.U· o(5paaou HS-aa Toro, qTO q}!CJIO SKCil8pHM6HT8JII,BblX Toqel(, 

nona.1ta10~x B STOT HHTepBaJI,,ltOJll!tBO 6UTI, ,ltOBOJII,HO 60JIIimoe - He 

M8Hiime Tpax. 

HaJlllqlfe CTPYKTYPli B XO,lt8 caqaHHJ'I MOllt8T OTp83lfTI,CH Ha CTSTHC

Tlfqecm« CBOttcuax:pHAa quceJI ai o ECJIH M8lKJtY COC8AHHMH qJieaaMH 

pl'I,lta cy~eCTBY8T CBH3Ii, OHS Blip83HTCH B KOPP8JIH~H M8l'l.,Ay BHMH, KOTO

pym MOlltHO o6HapYlltlfTii 11ayqau11a11 aBTOKoppaJIH~OBHliX KOSWWH~aHTOB. 

ABTOKOppeJI!J~OBHli8 K08\P(plf~8HT!i Blitn!CJIJ'IIDTCH corJiacao Blipallt8BHJO: 

r'I<.: Cov [a,,i{w}; Ot-J°+i< (wJ] 

[veu-~·(w}j v~~-+1<: (wJ]f (7) 

i-=d.
1

2., .••.. ,n. , ll=d.,2, ____ n/z. 

Ilo OC~JIJIH~HM B KOPP8JIOrpaMM8 ~38:BHCHMOCTH "' (k.) ) MOlltHO 

CY.ltlfTI, 0 napHO,ltHqHOCTH B XO,lt8 caqaaHH A8JI8BHH • 

HaMH 61iJI npOB8A8B aBTOKOppeXH~OBHliff aH8JIH3 caqaHHfl ,lt8Jl8HHH 

[/ 235 /9/ 11 PL,(,. 239 /IO/. CorJiacao ynowaHyTouy orpaHnqHT8JIIiaowy 

YCJIOBHID H npH AaHHOM 8H8pr8THqacKOM paapawaBHH 40 BC8K/M ,ltJIH 

1J 235 H 60 HC8K/M AJ!H Pl,(,239 aaapr8THqacKHtt BBT8pB8Jl aaaJIHSHpya

Moro ceqaBHJ'I 6liJI orpaHHqaa ,AO 2000 SB. HH~8pB8X ycpa,AH8HHH M8BHJICJ'I 

OT 30 'AO 120 SB. 

l 
PaCCqffT8BHli8 HOppeJIOrpaMWli npH HBT8pB8Jl8 ycpe,AB8HHJ'I 60 SB 
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Pxc.I., KoppeJiorpaMIJN I pacc1rnTi1HHN8 113 8HCn8pllM8HT8JlbH0ro 

. > .... ceilelimt 'A8Jl8HHH ff 235 ( a.. ) H Pi.. 239 ( o ) , 
MHT8pB8Jl ycpejaeHHH 60 aB: 

·:r.·,.: '~.,.' 

16 

.II 

.. ~l 

:f KJ 

K 

-as 

[~ 6 

L.,.£ 

Pxc. 2. CpaBH8llH8 H0ppeJiorpaMM ( ~ ) ),l X0'A8 ycpeAH0llHliX 

co11eHHii, pacc11HT8llllNX 11s aHcnep11MeHTaJI:r,ao1•0 (nyHHTHpHaH 

1llllllrn) 11 ll0CTp0ellH0ro no yHa 31:lHH0ii lliiOL(OAYPO. C01!6IlllH 
pl,(, 239. 
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paeqeTeoro eeqeeHH oT aKenepH11eeTaJIDBoro. PaeqeTHoe eeqeHHe 

HenpaBJIHJIOeD Tana Ha WYHKUHD paapemeeHa. 

Ha pHe.t6 noKaaaea IlOArOHKB BKenepH118HT8JlDBOro eeqerufH 

K BlipallteBHD THilB (8), a Ha pHe.ta-epBBB8HH8 KOppeJiorpa1111 BKenepH

M8BT8JlDBOro H paeqeTeoro eeqeeHR. MeeTa eaxo~eeHtt ypoBeett BToporo 

THna,eooTBeTeTBYJODUiB BT011y eJiyqan: Ei = 98 BB, 265 BB, 531 BB, 

1017 SB, 1394 SB, 1897 BB, 2232 SB, HX A8JIHT8JIDBU8 WHpHB!i 

Gi.'= 9,87 BB, l,IO BB, 8,36 BB, I0,78 BB, 7,7I BB, II,2I BB, 

14,42 BB. BeJIHqnea ~"i ~ 40 BB TaKllt8 IlOJIYt18HB nyTell ~OA~OHKHo 

CpeAHee paeeTOHHHe 118lltAY YPOBHHIIH BTOporo THil8 paBHO 318 BBo 

8TH peayJIDT8Tli IlOJiyqeHH B npeAilOJIOllt8HHH, qTO enHH!i ypOBHett BTOporo 

THna p8BH!i l. TaKHe lite paet1eTH B IlP8AllOJIOX8HHH, qTo CIIlfH!i ypOBHett 

BTOporo THil8 paBH!i O,noKaaaHH, qTO OIIlfe8TD llPH BTOM eeqeaHe A8JI8-

HHH B paMKBX npeMarae110'1 1fOA8JlH H8B08110ZHO. IloJiyll8H!II8 HBIIH 

M8CTOilOJIOllt8HHH ypOBHeit BTOporo THilB HaxO,llHTCH D xopomeM corJia

CHH c peayJILTaTaMH paCiOTli /26/. 

HOABOAH HTOrH OilHC8HHliX pa6o~,CJI8AYBT Bli,1{8JIHTD ABB p88A8JI8: 

1. B1moJIH8Hli HauepeHJm Hei1Tp0BHIJX C8'18HH.lt HSOTOilOB 1/ 233 ' 

u 235 H A.t. 239 , Il08BOJIHBWH8 IlOJlyqHTD HJlH yToqHHTD napa118Tpli 

auatn1TBJIDHoro qHcJia ypoBeeit. tlpoBe,lleH auaJIHa pacnpe,lleJieHHit 

napI.tH8JIDHUX mHpHH aei1Tpoaeux peaoeaHeOB V 235 H PL,(.,23~ H 

noJiyt1euu napa~eTp!i BTHX pacnpeAeJieaun. 

2. IlpHB8,1{8H 8BBJIHa YCPBAHBHHHX ceqeaHit lf 235 H Pu-239 • 
B eBeTe rHnOTeau O AByrop6011 ClapDepe noJiyqeau napaMeTpU ypOBHBit 

BTO poro THna B, p,,., 239• 
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