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AKTYAJIIiHOCTl> IlPOEJIEW · 

HHT8HCHBHO8 paaBHTJle 8TOllHOlt auepreTww npe,t7ifll!JIHBT IIOllU1!18H
HU6 ,pe6ollBHHH K KaqecTBY ffA8PHO-(liHaliqeoKHX )tBHHUX, Heodxo,n.Hirux . ' . , . . 

;111111 paoqeTa paaJIHtJ:HUX THIIOll peaKTopoll, ll K ,ll.8T8JI1.,HOI.IY - nayqeHUIO -
wnaHqecKruc npol..(eccoll, oonpoBox,ta~mHX npoueoo ,n.eneHH.H H,tep~n oKa
auBa.JOI!IHX ':wrnmme HB a«i~e~THllHOOf:r, HCIIOJil,8QB8HHfl 8TOllHOlt- aHeprHR~ 

11aBeCTH8 HOKJI1oqHTe.1I1>Halt poxi. IJrHOll8HliblX Hei!TPOHOB ;ztenemm ll 
lt,tepHott rtenaott peaRrtHH ;ztene,a1m • ,taIOnteti Boa11oaaocTI> npaKTHtJ:eoxoro 
HCDOJI1>3Oll6HHll H;ztepHoll aaepI'l!H ll ~mpWJx r(81IHX,. 

B 0Blt8H O 8THM BBEHO llOHHTL,KBKHe OBOllCfllB OOKOJIUOll npUBO)tHf 
K HOnyoKaHHID 6qn1>moro qHo,l!a HellTpoHOll, a lUlRH8 - K aanpery Ha HX 
HOfiYOltaHH8~ HauapeHHe TlHC,l!a H aHeprHH He.liTpOHOB ll aaBHCilllOCH Of 
napauerpoll ccKoJIKOB noaBoJIHeT ooyllleoi'BHTl> no;ztoqer aHepreTHt1ec1co
ro daJiaHoa npz ;zteneneu H;ztpa, oneHHTl> BenuqHHY aaeprr.n, aarpaquEae
.uy11 Ha Hcnyoxarme o,11Horo aenrpoaa, Haltrii aaeprmo OllHBH nel!Tpona 
B OCKOJIKBXt npe;ztOTBBJlffIOntUX codolt H;ztpa O don:Lmlil! na6NTROIJ aattrpo-
HoB. _ 

' ', 

11.IHl)op.uatum no llNXO.ztY .UrHoBeHHLlX Helt!l'poHOB 1!8 ciOI<OJiKOll m.rner 
T8Kl!t8 Daiiaoe :rnatteHHe 'AJia ,7.t8Jll,Hl~i'¾lllero DO!UH.48Hl1ll l!I UO,ll8JlF!poBBHHll 
npoueoca )t8JI8HHlt u · ]tJIJl Hayqem11t taRklc OBOttOT.:S OOHOJI.KOll, Rak ;zie
wop.UHpyeuooTi., eHepI'Hll BOS6Ya'A8HHH• paonpe.ztenellHe aHeprHH BO8-
6Yllt;neirnlt ,U8l![;zty -,nByUH OCKO111<au.1. . . 

HeoC!xo;n11.uo Talc!te ycTalioEltTb, o Mttolt ~ott1tocT1>n ood:nro,naercn . 
11onap11renMrull uexannau .1:tonyo1<aHlH1 liet!Tpoitoli, fillJilleroa JI.I! 011 B.llHli
crlieHH~M unu 11apaJt.llen:r,ao o liHu paC!oTaroT 'Apyrne, nona 'AOOTOliepno 
ae onpe;ztaneHHlie 1.1exaHrtaw.i itcnyona1ma: • .ltmt one!l!a l:ta _a:ra :aonpoou 
aeodxo;ni1ua llOeotopo11.1uut aitonepn.uearani.liaii MliCl)opuanmn o urnolleH
imx 'HetlTpoHax ;ne.nemrn :a :il.lf]te LfHoroitepalix aan.licuuoorelt Depon:r
HOCTH :BllXO,llB 1l ane prHH uattT POH0:13 OT hapal.le'l' poll ocHtoJtk0D • 

B OEitaH o BlillllenepettucneHliui.!, pado:rli no 11cone;zto:aaa1110 xapaRTe
pHCTliK UrHOBeHHolt HOliTpouaotl SLIHCC~H HS OO.KO1IKOD fiDJifilOTCH aRTy-
8.1Il>HllMH. 

!Wih PAID'Il:l 

OoHoBHaa uen:& ;ztHocep:ranuo1rnolt pa6otu - paapadorKa wero.itH1Ut 

m-..,)~? ~~i:iL., - .. }:,,.r:.:J7Fii ·1 
~:.{,-~ -~-~3.1'? h,1~~,,-,;~·,rw-i1·~•~"' "'":>-·1 IJ/1- ......... ,~ .:_,r\·•~~.,,,:,,,t.J._:lJ-llU 
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_B :eaMepeBH8 mixo,na 1trK0B8HHUX nellTJ)OBO:B Ir s'aBl'!Clll!OCflf' OT" .lraOCll: 

·oT,A8JU,IIOro OOKOJIKa ll cywapHol1 KllB8Tll118Cltol1 SHepriui .ilapH OCKOJI""'. 

ROB ACJI~amt Hn nplllle pe cnoairaBHoro .nenemm 252 Cf H .nene~im ~~9Fu. 
f8WIO:m-lUll Hel1Tpoaaun. Bu6op AllYX 8T.MX n,nep 6Nll o6YCllO:BJl81l ~eu,. 

tiiro oan clin1>Ho _paanwiam-roii no HylOioHHOMY coci-raBy, n TeMt uo ~H 

.252 C'f llU88:l!Oll 6orarun 8KOllepmceHf8Jll,Hbll1 MaTepHWI, KOTOpHlt uor. 6U 

duu ncnouaoDaH ~H T~a~eri1,non npoBepKit Been ueT0~11KI1 noxy11einm 

aKOnepID.l8HT8llJ,HHX.. peaj'Jll,!l'8TQB. ltnll' onyqan ,1l8ll8HH!l 39Pu !l'8IlJIOlllJ

lU1 Bel1TpOH8Ult KO BpeUeHH llpOB8]48HHll HSOTOfi~ero a~ciiepruieHTS OT..;. 

Oj'TO~OB8JI8 1.rnorouepna11 HHgjopuarum B Bfl'A8 ·~ (Ex,11) - 38llllOHJ.lOOH . 

BUX0.748 H8l1TpOHOll OT ABYX napaue~poll,OOKOllKOBl U8CCN H cyuuapHol1. 

mme-rINeo1tol1 aHeprms. ltiii=I · noo:ae.74eHa1t na11epe1rnn, neod~oiimJo 611110 · . 

paapadoTaT1> .ueTOAHKY MHorouepnl:lX 1toppem1ruiomwx HaMepemdt Tpex 

Bem111uli: Kl1HeTll11eo1tnx aneprnn napu ·ocKOJIKo:a ienemm n ti.Hana aen-. 

TpOHOll, ncny~Kaewx O!l']\8.lI!,HNM OOltOJIKOll• Heo6XO'A11MO T810it6 ClNJIO .. 

paapadOT8Tl> 8JiropHTIJU U8T8Ua!l'Hieo1tolt o6padoTltll aI«Jnep1Well!9Jl!,BllX 

pesyniaTo:a, no11y11aewx B ,.morouep!Wx' nauepeHitHX; · · · 

. B K8118C!l'll8 AOll0.lIHliT8U!,llliX llCO.lI8AOB8Blifi CiNno H8U8118HO Hsyqe

HHe paonEe'Aexennlt imHeTINeo1tnx a~eprnn napHNX ooKonKoll Aene.nna 
233t] 1 _

23 U ,1 
239pu T8llll. OBllllll H6iiTpOH81Hi l1 CllOHT8. HHOrO ;A8ll8Hlllt 

240 . ' 2:,2 ,, , I • • 

. >. Pu H _ }f, . . . : •· . _ . : . . ,· . . . 
, -,._ C l'.l81I!,JJ"j'TOIIH8Hllfi fiJt6PHNX KOHCT8UT CT8BWI80l, 88'A8'118 aayqenmt' 

Oll8KTPOB MrHOB8HHllX H8liTpOHOB ite'neHHH B80!l'Oll0:B 233tf ~ 235U, 239PtJ 
OTHOOHTeJu,Ho · one KT p~ nebpoHoB on_onTaHttoro AeJieHHH .. 2 Cf. . 

• , , ; , l_ • '. , ' • 

. . 
HAY11HAfl HOBijSHA . _('" 

: ;•;.:·c· . -~, .:. ._~ ,,~: ;, • 

B. pe'ayJIH8'f8 ripolle.74eH!WX, llOOJ18A0:BaHHi1 nonyqeua OOl!IHpHalt -BH- -

giopMalUlfl no itoppenannoaHNw sallncRKoctrut »ew naprurntpawt ooitoJI- • 

K~')ll I' ·a' !rBltllte' ueiit,ny. napaileT prutlrt OCKOJlltOt! H. BliXOAOII Heir p0HOB- lJ)!B : 

paanlNHHX aaoiono:a. Ha.001tol3e a1tcnsp1w1:uniSJiinoro warepHWIB c~op-' 

J.IYJIHJ)OliaH Pff'A iiolin J3liBOllO:St ooriiacy~ilxoli O cy111ectBYllll1Wnt Teo~ . 
perneoKHtui npe,nciTaMeHHrutH o npgueoce Jtenen111t 14 o:sollor13ax B.Aep. ' 

~: ,,}-MI a:· ttpw.i~!>e, A~i•~_mi~ l 3? P_i.t : u ~?Ic1 :llriep:aue -~!~~~ oott~KB* _ 

l 1.1c~ycx~ze., iila1«n1MWI1>~oe :: (:" 5 •. + •t ) _: .. , 11, .. .1.111HmiaJI1>Hoe,~.:.( ~ o:) :'ii 
. (:<IHOJIOf, lielh!polio13•;•[L ... :.4] >;,;_:); Ha.::l,itoiiepmaelitSJi~BHX jtiilintti: ·one.:t 
: . ·11ei11:~tt~_al!~!l!lfti~WO~~tfu')pi(i~ihi£:' OOKOJlltOll~. lll!lUlCJleita ope;itllffR : 

. ,.,.,,:·•"''-''• 1·· .. " 
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llemmma anepr1m, ynoom.ioll aeLb!poHou, .wrn napu OOKOJIROB o WHK

c11po:aaanNM 01'HOm8HH8M Mace. B peayn:i,TaTe o,neJiaH BHBOA O TOU, 

qTO llllCJIO HellTPOHOB, HCnycxaeJ.!l,lx OClCOJIKOU,' onpeitenae:roa l3 nep

BYID 011epe7t1, ero onooo6aocu10 x ,AecJ.iopuau1m, np.HMo · CBR:iairnon o ,. 

tlllCJIOM HellrpoHOll H llPOTOHO:B Il H7tpe-OOKOJIKe, H _He aal3nCl11' OT ~e

l!Huteroc.H H:ztpa. ~JIR ,neneHHH 239Pu uaorouepaan naqiopuauna no :auxo-
,ny HeilrpOHOB 113 OOKOllKOB nony11ena :aneplllle. ~ 

~- - 1lewiri.Ho Hsyqena c:rpy lt1'ypa B- M8CCOl3blX pacnpe,ne.nenimx '~filitemiX -
OOKOJIKOB. npa xpal1ae llUCOKOU 8H8'118HHH lWH81'1N8CKOil aHepI'lm JI8I'Ito

ro ooKoJIKa, uo noaBonMo oqiopi.iy;rnpo:aau ll!lBOJt o -npeID.lyuteorBeu

Hou llhlXOA8 OOlCOJUtOll O tzeTH:b!MH aapH}\SlfH. Bnepwe yoraHOllJI8H8 xop

pemin11a UeJKAY 0Tpy1t1'ypoll Il. uaoco:aux paonpe,neneH11HX raienHx · oo-

··- KqJI_KOil H_ 11HOJIOM_ H01IY~~!!8MllX_HJ.llt Het!Tp_OllOll.[4;5,~]. :: _________ .· 
' S1tcnepHM8H1'81Il>HO llO]:t1'l38plK,tt8HO oyuteOTBOB8HH8 p a 8 A 8 JI 11- · 

r e n 1, a 1,1 x Bellrpoao:a, _1'.e~ Hel1TpoHoir BeHcnapn!l'en:onoro nporio

XORA8HHH,. Honyo1taeMUx Ha ooio111to:s :zto BX nonnoro ycKopemm. llo-

11y11eBN. H npoanamrnupo.BaHH HOBN8 88BHCIU.(OOTH llllXOAa paa;iteJil11'8JIJ,

H1lX ueHrpoli9B or oi11omea11H uaoo H oyaumpnott romeT1111ec1to_tt SHeprmi 

OCICOJIKO.B CIIOH1'aHaoro A8.718lil1lt 252Cf H ,neJteHMH 239Pu fennoBUMH 
HellTpoanim (7,BJ. · · 

llPAkm~EcKAfi UEHtioct1, 

. Paapa6oraanan Me1'o.lilttta nauepe1rntt u 0Gpaoor1tu riOJiytteBHl:1:,c a1to-

nep1ruetuan:1:,l:lux 'AaHmlx [ 1 .2] uolltet 6ur:r, no1moon» Mcnoni,aoBa.aa D 

a1ta.nori111kux MocJ1e'Aolla1utrix 'APYrttic ;ztwimii.~1xcn naoTonoD. · OT.iten:oHNe . 

1te-rb'Awteoic11e paspadorttn J.toryr italtTl:t mitpouoe npfa.te.aem1e B paamllt

nux OdJtaOT.flX 8!tOrtepm.1elm1Jititort a,nepnott wnsilku. Hanp1wep, ,lilUi .. 

orteKTPdMerpuu dokonKol! ~eneatitt ~ yonoBMHX ~ucottoro ~oaa aaprixeu

HYx tiSOTBU Moiidtci pekoMeH;ilO:M-r:r, pa:JpaGotaH11y1f .UOtUlaaruioHliyIO mi.ue

py dea 08TIU1 B 11.Ull~Ji:f,01lo11 to1:01101t P8lltl1Md (to] i iiui" Kalt;lWeH npaltH

itecici b1t11Jiatto:iloe altepreTnirebkoo paapemeth-ie ·o no11ynpoB01t1111.ttoEuu 

'A8TOkTopou• otta ll8M1iord npel!OCXO.ittt~ aro no lla,ne~UOOfll.M oradwr1,
l!liCTII. npd ocipadoTke at«Jnepillfenrrur:r..aoil ltli~opuaWfil uoryr oKasau-

o~ honeallliul:t paapadoraainJe MropurUH npeoGpaaol3tiHua uaorouepuux 

paotipe'Ae~eM~tt, pacqera :aepoarnocrH perncrpaIUiu paanwt!Wl: qaOTH~, 

onrninUH1tim:in11ue pact:oTil. · 

Ilbnyit~1mue ;naitmi1e no cne1<'l'p8.11 aettTpotto» npn .i:tE!ae1mu 233µ • · 

3 



235tr_, 239 Pu H ;naHHlW no uaooo:ahlu 11 saepreTWieOKIDI Baonpe;AWieHH
HM OCltoiIKOl! )t6Jl6HH!1 MSOTonoB 233u ~ 235u, 239 PtJ, 24 Pu , ~52Cf 
[II ,12 ,13 ,14) mmpaBJiemt B _UeHTP no 11,nepm,11,1 ;naHHHM. om, Moryr 
(jl,JTl, 11cnoJ11,80B8lll,I )tilft oue111rn H;11epa1,1x ltOHCT8HT, yToqHeHHll 3Hep
roEhl;z\8iI6HltH B oc5opxax O rt,1tepH!,1M ropx,q14y, B npHI018.itHHX HOCiI8;ttO
llaHHHX Ylta38HHl,IX H80TOllOB 14 T.;n., 

nuccepTaUHH oooToHT Ha BBe.nea11n, qeTHpex rnaB n aaKJI~qea11n, 
zanomeaa Ha 178 0Tpa1rnnax uammioimoaoro -re1tcra. 11KJ1x,qan IO Ta6-
n11u, 61 PHCYHOK ll om1coK JIHTeparypu 118 17.7.. H8lUIOHOll8HHtt. 

IlEPBAfl · rJIABA nocBH11teHa odaop'y pa6or no 11ccne.1t0Baa11x, cBoltcTB 
HOilTpOHOB ;neiieH~H •. PaocuoTpeHl,I 8BBHOHMOOTH cpe;naero quona Heil
TPOHOB ;11eneHHH i _OT qncna npOTOHOB H HettTpOHOD D )t6iIHll(8MCH H'Ape,
openaett cyMMapaott 1utHeT11qec1cott s11eprm1 ocx_oJmoB. naa o6aop pa
c5oT no cneKTpaM He£trpoHOB )teJIOHllH. no,npoc5HO- paCCMOT pelli,i paeio±li 
no KoppeJIHUllOltliblM naiiepe1U1Hli llYXO;tta li sHeprHH HeilTpOHOB OT napa
MeTpOB OCKOJIKOll! M8COl,I; cyiumpHott ltHlleTwtecKott sJteprkH. YiioMH
HYTH pac50Tli, :il KO!l'Op!iX npoBO'AH!l'Cll reopeTHtleCKOO paocuorpe1me 
npouecoa HcnyckaHHff HettTpoaoll o uen1,x, Pacqera cpe;11aero q11ona 11 
saepr11n MrHoBeHiWx HettrpoHoll 'A8JI8HHH, Han6oiee nonuo oo6paaa HH
wopMaUHH O p88'A6iIHTei1,H1,1X HOttTpoaax, 

B peaym,TaTe Maopa paCSoil oc5ooltoBaHa aeoCSxo;11Huocr1, nony1rnu1111 
IW8HHO MHOroMepaott HHi:PoPMaUHH 'AiIH HayqeaHH MexaHH3M8 HcnyoKaHHH 
HOllTpoHOBt a Takl!te itponeoca ,llOJI01Uill lt,nep. , 

_BIDPAfl rJIABA • OmrnaHa annapiuypa H . M0TO)tllK8 Tpe~ BH,!\O~ Ha
Mepeanttt Oll8KTPOB aettTPOHOD .neneHHH (o;ttHoMepHYe HaMepeHMH); pac
npe,1teJieH11tt KH!j6TllqeOKi!X. aaeprHll riapHitt OOKOJIKOD.AOiI8HHR (ABYM8P-:, 
aue za.1rnpe1iHtt), paonpe;nene~lltt kHHeTiitteorutt saeprHll JJapHHX cicKon
Ko:e B Kopp_eliHUmt o lteihpoltaiut ( rpexMepJtl,Je HaMepean11J. 

.C ll_ e<K f p N Hett T p OH o B ;neneHHH 233t,, 235u, 239pU 
T8WIOBUUH HettrpoHaMll H~Meg.lU!l!Cl, o;nHoBpeKeHHO 00 oneKTPoM aettTpo
HOB.CllOHT8HHoro ;neJle!Urn 2 2Cf MeTO;ttOU DpeueHH npoJieTa (Ha c5aae 
I M) ~ Cno:1eHHl-le B~OTH~Xl UHDJ8HH . noone;nyeMoro ;tteilftllterocH H30TOll8 
H aTanoaaoro Haorona 2 2 Cf paawemanac1, B .~oHHaaunoHHott xauepe, 
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aanonHeHHOit CU8CI,IO Ai +I~ CO2, Uellt,I{y i:POTOK8TO;tt8Mll ABYX ~9Y-30 
T8KWJ oc5paaou, qTOCiU ftallt;ttl,Jit WOTOYllHOlltllT8lll, npocuaTpHB8iI CUHHTV.JI
JIHUHli OT OCKOJIKOB TOJil>KO O O;ttHott llHmOHH, no CUHHTl1JiiIHUHOHHUll 
BOlll,JWKau orueqanoa llOUeHT ;neneuua. ~JIH perHCTPBUHH MrHOB8HHUX 
aettrpoHoB ;neneHHH 11ccne.nyeuoro aaorona 11 sranoaa 11cnon1,ao11anca 
O)tllH ID18CTM8000lillll CUllHTHJillHTOP paauepou r/f.75xl0 MU B coq~T8HHH 
o ~SY-63, Uopor per11crpauni1 aeitTpoHoB ycTaljallJIHBancH c nouolll»IO 
HCToqHirna rauua-KBaHToB 241Am H ooouercrD0Ba11 400 ICsB no auep
r1m HellTpOHOB. 

MumeHH O )t0Jlfllll1WHOH ll30TOll8UH 252Cf, 233LJ, 235U, 239pu . 
H3rOT8BiIHB8iIHCI, O)tl!H8KOWU oc5paaou: nyTeM HaHecemrn O llOUOIJtI,I) 
K8llllilllllpa paOTBopa aaOTHOKHOJIOlt OOJIH ll30Tona Ha 81IIOMHHHeByl) no;n
iIOlKKY TOiillll,rnolt 5 ur /oil n nocne;ny10mero :iiunap1rnamrn. 

' neneHHe HOCJI6;tty61WX l130TOnOB HHHUHHPOBBJIOCl, T8lliIOBUUlt Hel!
,:poH814ll ropHaOHTWll>HOro K8H8JI8 peaKTopa" CM-2 • llyllOK 118llTpOHOB 
!l)opu11p0Banon Kon:mmaropou ;no paaMepoll 2x20 J.U.I JI WIDIM~poD!lJICfl 
tie pea Io OM KPHOT8JiiIHqeoKoro. KBapua ll 2 Oli BHCllyTa. 

Paapa6o.TaHH8H 8iI8KTpo1malt a,nnapaTypa noallOiIH11U 0JlHOBp8MOHHO 
H3l.!e p.ari, ito- e;nnliouy. Hauepnteniaouy iirrnrury oc5a one Kr pa aeitrpOHOB 
;,;. H00318;tty8MOI'0-1C-aralioHHOI'O-ll805!0llOB~-- .. oCSecneqnB, T8RHU 06-
paaoM, H;ne1iTnqHoCT1> ;11lii;pqiepeaunwt1,1Ioll u Httrerprur1,1tolt aemmenaoo
TH, llpel.leHaon KaJIHdpoBHH 11 lJHHlll.!YM OHOT8M8TllqecKolt OmH6KH npn 
cpaBHeHnn onexrpoB. KainCSpoBKa Bpeuenrion mxruru HaMepnTeJ11>Horo 
K8Hana ooymeo!lrnJIHJ180i, C llOMOllll>lO npe,nllapHTeJil,HO npoK8JIH6poBaHnux· 
orpeaKolj Kac5ena [ 9] • : · _ 

BpeueliHoe paaperueime ripn sriix HaMepemmx cooraBIDio N 4 .o ao~ 
l1Hqiopuauim Hi3.karutHllaJI801, D ;ttBYX $1i8CTIC8X naMflTH MHoroKaHani.

Horo aaannaaropa no 256 KaHanoB aa crteKTP aelt:rpoHoli. nm1 1taix.1toro 
H3 HOCJ10J\Y6Ml:,IX H30TOllOE C>b!iIO npoBe~eHo IO oe~Htt nauepeHHlt C non:
Hb!M qllCJIOU aaperllCTPH,t>OB8HIIUX HeltrpoHOB "". Io • 

K 'H H e r ll q e C K ll e 3 H e p r H H napHhlX OOKOJIKOB ie-
JIOHHH nauepfliIHOl, 0 llOMOlll»ll )tBOl1HllX HOl!ll38$10HH!,IX KaMep [I0,16]. 
IIpnueneHne HOIIH381.(HOIIHl,IX Ka.Mep l1U08T OBOH npen.uy!lleOTBa, 31lKJil)iia
lOl!lH6CH B crac5m11,Boor11, Ha;11emHOCTH pac5oTU, pa;111mi(noHHott ycrollirn
BocrH· 11 xopomeu anepreTnqeci.ttoM paapememrn, c5naaKou K paapememoo, 
pewrnayeuouy o nouoll(l>D nonynpoBo;ztHHKol!hlx ;nerenopo:a [ 12 ,15 J. 
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]looTHrHyToe paapememrn no l(I1HeT.11qeoitolt' aneprmi: kaiit]toro ocxo.nxa 
COOTaBMO I .5-2 MaB • Ka!.!ep!,! Hanoimmrncr, Cll601,JO Tll!8T8.Jil,HO 011Mll!8H
HliX raaoB Ai+2 .5% co2 • MumeHH. o 233t1,. 235u, 239 Pu narcToB.nwrnor, 
MeTO,ltOM aJieKTpopacmmemrn paCTl!Opa aaOTHOKIIC1IOll 00.lIH )IBOTomi B 
cnHpTe. Ilo.1VI01KKaMH .itmt HHX CJIYlltMH TollKHe (6. u~/c.l-) opranmte
oxne IDieHKU, noKp!,!Tble cnoeM soJioTa (25 Ml'J!/oJ!-). Ilo,i'tJIOlltKJMH ~Jis 
!rnmenen 252 Cf CJIYlitHJil1 IIJieHKH H3 Ae20~ TOJintHnon. 30-40 J.!Kr/cLf, 
TaKllte ~OKpb!Tble CJicie)4. 30JIOTa. 252, Cf H_ 40pu BaHOCllJIHCI, Ha tt0,7.tJIOll .. 
KH J.16TO,nOM pacmmeHHH B BaKyyue •. Ha6op MHoroMepHo~ HHi.{lopMaUHH 
OCYll!6CTB.7IHJICfi D llJIOCKOCTH (E1,E2) » pe~HM8 (64x64) KaHaJia, r.ite 
Ex I E2 - mmeTHllec1me a11eprm1 COBila].taIODlHX OCl(OJIKOB. Ilo OKQHqa
Hlilf l18MepenHn naxon.neHH8H IIHWOPM8UHH nepe,1taBa.naor, no .7IlillHH CBH8l1 . . 
Ha SBM H aanHOblllaJISCl, H8 uarHHTHYKJ .neHTY • . 

- " ,~t ' 

T p e X n a p a M e f p O. B !,I 8 11_ a M e. p 8 H H, fl . BKmoqa-
lOT H3MepeH.11.fl KHHSTHtteOmlX anepr.11it .itBYX co:sna.i:taIOil\lU oCKOJIKOB H 
HaMepeH.118 11HCJia HeitTpOHOB, HCriyoKaeLWX K8:it.J:tbllJ .113 .J:tllYX OC~OJIItO:Ii. 
B STOM CJiyqae H606XO,llHM8 KOJ.1.7IHMa)lH.fl OOKO.lIKOB II per.110Tpa1tirn H.e~
TpQHOB no.it yrJioM K nanpaBJieHHIO- ,1tB11i,:eHHH ocxoJIKo:s ( nyqme Boero . 
o0), qTo6H MOlltHO O'hiJio yqeQTl, B.7I.11HHH6 OKOPOOTH OCKOJIKS Ha ,uanpaB
JieHHe ]tBHJK8HHfi l1 3H8PI'HIO Hcny~eHHoro ill.l HetlTpoaa. JleTeKTOP Hett-: 
TpOHOB aaxpennn.non HellO].tBHJKHO HB pacOTOllHHH L :::40cM O'l ).mmeHH · 
0 ].t8JIHII\Hl!Cll. HyIOIH,llOM~ ,1.teTeKTOP OCK0.7IROB\ B KOTopou ocynteCT:8'111-

. nacr, KOJI1Illllan1111 OCl(OJIKOBt no:aopatiHBaJICll Ha 11106011 yro.n llOKpyr 
OOH, COBlla,1taio11teit .o, Hanpa:BJI0HH8M JiyqKa Temzo:aUx aeitTpoHt:iB. ]lerelt
TOpOll OOkQJiltOB OJIYlltM8 1-(:BOitHafl 110Hita~tirtOHHO;;.Ctul~TH.7I1lfli.tHoHHa!t Ka
Mepa (HClt). 

1 

Ofta nos:eoziHJia dionyitSTI, cne1trpo.11erp11itedkyJO HH/popita
UHKJ o 1t1111eT11ttecxott aHep:riut Kllllt,ltot'c, ita fayx. ocKdiiittiB,, a rattll:e oT
ueqati, MOJ.ieliT .l(e.iteiiitn d foti!iocHio I he~ £Wit aarloJ:ttHi.nact.: &ueci,tJ '· 
raaoil AH4% CO2, _ntiOToriUacL ~t!Hll(aei.io# :lltJ speMff Ua~~belU!~ t 2 J. Oc
K01IKH KOJIJ!itM.11JiOBaJil10L . !la JJ.B'jt QdOblib • padtioJtolJte.!lilib: JJ.Haipparuax. 
1lepo11T1mlt y.rb1i 1tdJ1iI~MaitHlf I t>Tbitliritaae~tt d1 ocHt konmtilaTotiar. 6bln 
Bll6.l)alt .1)8:BHNM I2(j, lt.nlt pe:r.t!OT!i~il~ii · Herirbonoil ii~ii.lietHufcn, crieltTPO-

. uerp Hebpoito:s, ottH08HIW11 paHe~f ti tfet5oJiliWHMJI iiaMeHeHMl'IMH :i3 t5.nox-
oxeite. · . · , · . · · .. . 

lraok:-oxeMa; !rpeX11eplti,tx, HSMepelhtti ifp11:l!e.iteHa .It~. p.Mc,t. ; 
ita 11xo:nu ·Et ii ~ id1orokaliwzt1tofio aila.nHsaiopa noctyna11ii KO.ll),I., 
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nponopUHOHWil,HlJB KllHBTHqeoKHM aneprHllll OCK011KOB ,lt6118HH11. lia 
BXO,lt ~ llO.ltSBWIHOL O~OPMHPOBSHHNe HJUT,Y1l1,0N O BNXO,lta ,ltH~ep~HnH-
8111,HOl'O ,ltHOKpmmna-ropa~ KOTOPN£1 HSOTPBHBMCll Ha nponycKamrn 
1'0111,KO HellTpOHOll :Ii HHTepBane aaeprH£1 0.36-IO.O MaB. lllaK:r ltwumm 

·11111'1 · oToyionlia cnrnwta Ha Bxo,Ite V 11M.ilJIOll ttp_HaHaKoM ~peuero 
napaMeTpa, KOTOpN£1 ill4811 1 TSKHM o6paaou, paaMepHoOTl>,pallHyll .ltll1U• 
'Alla OHrHana Er H E2 KO.ItHPOBWIHOl, '1'0111,KO B onyqae HX C0llll8,lt8Hll11 
ll llHTepllane BpeuellH 4 MKC• Ko,ItN aanoMHHanHO~ ,Ito npHXo,Ita H.lltty111,
oa co llXO,Ita· ,.~ • : nau11u HSKOllHT61111 paac1Hl3WISQ1, !ta ](Be paBHHB 
1180TH no 4096 KaHMOll • .B O,ltHOit 1180TH (64x64) 88llHC!lll811HCI, ,ltBOi1-
lll:18. 00Bll8,It8HHfl B KOOP'AHH8TBX KHH8THqeoKHX aaeprHR co~rta,ItalOlllHX 

. ooKonKoB. 06oaaa~HJi aToT ua.ooHB 1rnoen tie pea .F (E: ,Ej). B .7tpyry-il 
qaOTl, 88llHONll811HOl, tpoitlllle COllll8,lt8HHfl M8~,Ity ,It!y.llfl OCK011Ka.MH · H 
HeitTpOHOM B T~X ~e .Koop~HH8Tax, OdoaaaqHJ.I llTOpOll MaCCHll llHC61l @ 

qepes N ~L ,E;). OH npe,Ito!raMfiJ.i 0060£1 tiHcna HeitTpoHo_B, aaperi!oTp1-
poBaH1tYX ):11111 KaJK):lbro 0'1'.7ten~Horo oodiiTHl1 .7tene1tHa, xapaK'1'epHsye
Moro napoll saa11ea11it (EL ,EJ). 1la.7teKoN L • } npe.t(cTaMHJJT ao.11epa 
KSHWIOB, KOTOPNM COOTBBTOTBYllT 8ltatleHHl1 KHHeTlill8CKHX aaeprHit. 
Et,.Ej• 06a Maooksa.qHcen nepe,ItallanHo» no Kaclen»Hoit nua.lffl cBl1~ij 
Ha SBM Mil aattHOff Ha uarHliTHyiJ neH!ry. . . 

B TPETL~ rnABE OllHOaHlf Koirnp~THlle a~ropHT.1.W o6pacloTKH Ha.lle
peliHll cneKTpoll liettTpoHoll, HaMepeHHtt paonpe,IteneHHll KHHeTHll8CKHX 

. aHep:Ntli napBNX OORO.IIKOB ,7(8.IIBHHltt liBMepeHHit IIHOJI8 HeitTpOHOll, liC
nyOltaeiwx OT,Iten»HNUH ooKonKa.MH ~8118HHfl. 

.· AnropHTM oclpa<1oTKH cneKTpoll HebpcHoB ,lt81I8Hlill OTpow:cit. Ha 
· OCHOll8 H8ll8CTllON> @SKTB; tuo oneirrlJl,I aeitTPOltOB xopomo OllHONBa

l>TCfl .11a1to:eennoBoKHMH pacnpe.zteJiel:IHllllH. Tor.ItB norapH@M otHom~HHll 
t1Hona oToitero:e :lJ oooTBefi:lf.1lYlllllHX KaHanax Hcc.ne,ItyeMoro 'V( (t) H 
8TWIOHJ10ro ~· (t) tirleKTP.Oll 6y,It81' 8BBHC8Tl,. OT aHeprmt HeliTPoHO:B 

. Ed mmeltlillM oapaao.li [ 11] ~ ·, . . . · . 

. · enfti(i)/~(~)J = E"-lri -rJJr~ ·T,);6 , <
1
> 

· Tr H T2 - ttapaMetp!i)teot1tocTH aranoHHbro H 11auep11eworo cneKTpa 
•. ··• .. • C001'B81'0TB8HHO; . . . . • 

g - tiocio_.iti(itaR ll8llHttHHa. 
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llporpauuoli 06p~60TKli npe,l{YCMa~pll:BWIOOl, lll>IIIHCneHH8 KOB!MiHmt8H1'B
HaKnOHB {T1-T2),<T1·T2)H ero OlllH6Kll U8TOAOIJ HBlWBH~~HX Klla~paro:e 
~n11 nl'.l6oro yqacrKa aaepreTmeoxoro oneKorpa aettrponoB B llHTep:ea
ne 0.3-15.UaB. B npo~eoce oclpacloTKH axcnepH11eHTan1,Hoe paonpaAe-. 
JI8HH8 Y ( t) HOllpBMHJIOOL Ha WOH ony1rnliHl>IX R paoce11HHhlX H8llTpOUOB • 

IlocneAoBarem,Hocu o6pa6oTKVJ H npeoe5pasoBaHHll Mttoro11,.epH.b!X 
pacnpe,IteJieHVJii llP8A0 T8BJI8Ha Ha pvio ;2 • . . . . 

.. - llporpa1.1Ma o6pac5oTrut paonpe,lleneHHli KHH8~Ht!60KHX 8H8PI'Hli nap
HUX OOKOnKOB BKnroqaeT H8CK01Il>KO 8T8llOB. Ha nepBOM 00YDtB~Tll11118TOll 
aHeprarHqeoKall Ra1IHC!po:eua; · BI:J\UtTBHHe qioaa. onyqal1aux coBna.1:tena.1-t, 
011ulleTpaaauafl 1toop,nJ!HaTHixX ooett Ei, E1, Ha MOPOM npollcxo,l{HT . 
nepeorpothca ~By.11epaoro uaconBa F(E ,E ) . .B JtPYI'Oll Maoo,rn F (M,EK), 
ll KOTopou KOOp):IHHaTHNMH OOHMH flMHIDTOH uaecu OCKOJIKOB M.H oyu-. 
uapna11 KHHeTnqeoKa11 saeprna ER. Ha aTOM_llte aTane ll.BOJtliTCfl nonpa.B

,Ra Ha 8MHOOHIO HebpOHOB HS OCK011KOll [r ,2 ,3] ; Ha TP8TJ,8~ _l3_~'lHCJill-
DTOR q>HaHqeCRHe xapaRTepHOTHRH OOKOJIKO.B H HX OllH6Kll [I2-I6J. 

-- - . Bliqll(lJieHHE3 ·ope,nHero 'lHona. Hei1TpOHOB, .110llYIJ!8HHNX OOR01I~OM/. 
npoBO]lH1IOO}L no_p~syniTBTBlJ TPBJPd_8PH1lX HaMep1:11rn.A no i,popuyne 

- - . ~:(E ,E.) = ~ff.'(f • h.. . ~- :.It: · <2> 

f (E ,E ) - nonaaa acMe1u.•HBHoou perno:rpawm ae£1TpoHoB. 
B BUpameHHH ,lt11H BliitlHCiIBHHll nonHoli aipq>8KTHBHOCTH6UJIH YIIT8Hli: 
reouerpmeoKMe pasuep,t ,IteTeRTopa aeihipoHO.B H ero qyJlCTBHTon1,aoo!l!1, 
K ael1rpoHaL! pasm,1x aHeprn11, ll11HllHll8 crnopooTH OOKOJiltOB Ha jtrJIOD08 
H 8HepreT1tqeoK08 pacllp8A6JI8HVIH M!'HOB611HL!X H8iiTpOHO.B ,ll811811Hll 1 S~
:BHOllldOCTI, oneKTpa Hel1rpolloll ll OliOTelJe U8HTpa Maco OOKOJIKa (CUM) 
OT Macou OOKOJ!Ka, yrnoBoe paonpe,MJt~IU18 l(01IJIHlU1po.ia11HNX OOKOn- . .' 
Ko:a. ltpoue Toro, B aHa11e1maN (E ,E ) .BBO]iwiac1, itonpaBKa ua BKJiait 
"06 pa THg:itll HeilT poHOll 1 ~.a. lielh! poH6B I MCllYDteHHNx ,ltOllOJIHVITBnl,Hll),f 
OCKOJlltOM O uaccoti(A-M), ,l'.IBHlltYDtHMOfi OT ~81'8KTQpa Hel1:rpoHOB [I ,2, 
3]. 8.iteC» A_ - BTOM~l1 llt30 ,lt81lllll!8rocll 11}:\pa •. nepexo:zt R -.ltP.'/rIUf RO
OMHH8T814 '9( E,E) .. ~(E,M)-11~(ER,M)--~n(EK1M/A:..M) -o-cy~ec-'.rMancfl ci o,n-, 
llOllPeMeHHN!.i llBe,IteHHeM nonpaBRll Ha aUHCCHJJ HellTpOHOB. TaKHM o6pa
,BOM, BllXOA nenrpoHoB HSXO,Iti!TCS .B aaBliCHUOCTH OT aaqWIJ,llNX Maco 
H HS'lWIJ,IWX KHHeTuqeCRHX atteprHR OCKOJIROB, :r.e. uaco n aaeprxtt 
ocKonROB ,Ito.BuneTa Ha HHx Hel1TpoHo:e. ~asMep OT.lten1,aoll wtettKH 
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uacc11Ba a11aqem1n t (Ji; ,E ) paBHHJICfl I .25-xI .25 MsB, MBCOHBOB 
~(M,ER)'~n(EK,M/A-M) - I.5 M8COOBNX 0]1111111~ x2.5 MsB • .I{Jifl Boex 
11811,l\eHHblX pacnpe]teJleH11!:t BhJqllQJifUIHCI, l,!aOCl1Bbl aHaqeu11!:\ omu-

' . CioK. Ilpn paoltie:re omHCiOR HCil01Il,30B8Jil10l, ]ll1Cnepo1111 li8M8 pl'!e!JblX 
Ben111111n, npeol5paa:veM1,1e oornaono nporpa1JMe oeipaO'oTRH. 

B qETBEPTO~ rJABE 11ano~enu pesyn1,:ra:ru, nony11ea11hle aBTopou 
C IlOMOll\I,JO Oill1C811HblX panee M8TO].\llR~ Ilp11Be]lellbl a11a11e -
!Ulfl _!$03\PW11U118HT8 HalOioHa K:(T1-T2>AT1 •T2), napaMe:rpa JKeOTICOCTll: 
T 11 En' - cpe]!Hell :meprl1H cnettTpoB Hei\:rpoHOB ]l6Jl0Hl1ll 23¾, 235u 
H 239 PU !reMOBUMli nellTpofiaMll. C pe]!HHH sHeprl1fl Bbl'IHCJlHJiaCL no 
nsBecTiI01.1y ooo:rnomea1110 En=3 /2T. B itaqecne aTOJioHnoro aaaqemm 
npl1HHM8Jl801, B6Jlli'-1HH8 fr=l.406 MsB ~JlH cneirrpa OilO!!TaHHOro ].\C-
Jl8Hl1H 252 Cf. IlpHD8]lSHbl anattelrnlt, Bblltl1CJieHHl:J8 ].\Jlfi paaHblX - m1rep
B8JIOB aHepreTHtiecKoro cneRTpa. IlonyttenHhle a11atten11H T n: E8 xopo
mo cornacyro:rcn o anaJior11ttHHM11 ABHHblMll ].1pyr11x pa6or H no].lrBepXJta
!lT, tno (J}op11a cneK:rpoB qerupex .ztena111HXclt 1130:ronoB xopomo on1101,1-
Baero1t MaKcreJmoBcmrn pacnpe1te11e1-me1,1 1 uecuorp11 Ha aaueruyn paa
miey B 1111d11e nporoltoB 11 uellrponoB 11eJKJ4y .zteJIHEtlWncn H,11;pa1.m. C 
xopomett TO'l!llOCTI,101 'noCKOJlLKj' 113UEipeIIHR OfHOCHTeJ.Il,Hbl01 llOJlY'ICHO 
orHomeH~e cpe.ztlll:IX aneprHi_t: 

En(239pu)/En<235U)::I.067 !o.011; 

E11C233uj /EaC235uj::1 .036 to.oro. . 
KoppeJlHUHOHllblC H31tepeH1IH pacnpe.ztenea11tt mmeTU'ICCI(liX ~·aHep-

run na~HblX ocKonROB <lWIH npoBe,nenu ,:tnn nH~H nso:roiroD: 233u,. , 
235U, 39pu (J\c;,JIMHCL rennonmm nettrponru.m), 252q, 240Pu (.nen11- · 
n1101, cnoaraHHo). OCipa<5orKa na11epem11:t noaBon1111a nonyquu, pasnHll
Hlie· xapaRrepHCTHKH uaccoBllX. H anepreTHlleCKl1X "pacnpe].\CJI8HHll oc
ROJiltOB AOJIOtnlR. B qacrHOOI'H1 l!8CCOB08 paonpe,zteJleHue OCKO_JIKOB . 
11:enemm fIApa 240 Pu npn ADYx aneprmtx Boadyllt,l\emm [rs]. . 

B .ztRO_oep?a~llll attqeHrnpollaHo BHl1M8H118 Ha s®ieKTax TOHKOl1 -
crpyRTypH B uaccoBYX.paonpe.itWICHHHX OCKOJlROB. Olia npoHBJlfl8TCR 
60Jiee HBHO B uaccOBllX pa0llP8AeJteHRHX TffXCJI1ilX. OCKOJll(QB np11 :wco
lt'1X «p1mc11ponannux auaqemutx m1uer1Nec1toil alieprlm ,l\ononHHTenr,uo.:.
ro nerKoro octtonm. ltll& Bcex m1rm nayqee'.IWX cnyqaeB ~eneHHH 
(233u' t 235tr, 23~Pl.li 240pu, 252cf) 8RCttepHMe,HT8Jll>HO 0Ci11apy:zeHll 
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CTPYKTYPHhle aM)eKThl B uacooBhlX paonpe](enemrnx. B npo!leoce o6oyl!t

;n:eaHH peayn!>TaTOB 06oOHQWBaeTCH BblBij]J., _qxo OTPYKTypa BOSHHKaeT 

llCJie;n:CTBHe npenuymecTB8HHOro BUxo;n:a OOKOJIKOB O qeTHUMH aapa;n:auu. 

B HeKOTOpblX onyqaax nollhlU18HHUil llUXO;n: OCKOlIKOB MOlKHO 061>flOHHT!> 

BJIHfiHH8M o6onoqeqaux nonpallOK K UOT6H!lHal!I>HOil SHeprlli! H;n:pa,OWII,

Hee llPOHMHIOl!IHMOH npu MHHHMWI!>HOil SHepr1m ll03CiylK;n:6HHH OOKOJIKOB 

[4,5,15]. · _ 
0CHOllH06 llliHMaHH6 B ;zu10oepT81lHH y;n:eneHo llUXO;n:y HeilT~OHOB Ha 

OT,116JI!>HhlX OOKOJIKOB OllOIIT8HHOro ;n:eJ161{Hfl 252 Cf ·u ;n:eneHHH 39Pu 
T6llJIOllW.IH Hellxpouairn. Oeill\86 qHCJIO aarerHOT~HBOBaHHblX nettTpOHOB 

OOCTaBMO 2.s.105 ;n:JIH 252 Cf H 3 .0•10 ;n:JIH 3 Pu. IIonyqeaHaH HH

wopMa!lHH npe,110T8MH8TCH B BH;n:e ;n:ByMepHhlX paonpe;n:eneHHil BhlXO;n:a 

HeilTPOHOB OT napauexpoB QOKOJIKOB: . 

.i (EK,M), i (E,M), ~n(EK 1M/A-M), 
s;n:eo1, EK - oyuuapuaa mrnexnqeaKaH sueprnn ocKOJ1KoB; 

E - KHH6THqeoKaH aHeprHH OOKOJIKa, 

~n .;. cyuuapuoe 1rna.no _He11TpoHOB Ha 'JJ.BYX OOKOJIKOB. 

nexam,Han HHWOPM8!lHH O DhlXO]J.6 HellTpOHOB HS O~)l6JI!,Hl:,l:Jt J)OKOJIKOB 

nEH~e;n:eua H8_-pnc,3a,d·~31H CI)OIIT8HHOI'O- .iieneHHH 252 c, _H ;neneHHH 

i 
2 9 Pu T6IDIOBb!Mll H6llTpOH8MH. QqeBHllltB OM!>Hall HepaBHOMepHOCT!> llU

·XOllS HelhpoHO.B. HWHiltlie 88BHOl-lMoOTl1 tmona HCl1YCRSe14UX HeilTpOHOB, 
. ' . - . ; ' 

OT .118001.l OOKOJUta 0Bltl;li8T8Jll,CTBY6T O paeJIHtmoll onocot1HOOTH OOltOJI-

KOD K l16qlOpM81lllllM _ CBoett qiopMlil B llpO!l8008 paa;1t8Jl6Hl11l Jl,Ilpa. BHyT

peliHH6 OBottoTBa aapOllt.l(8IOl!\ll:lCOlt OCK0.11lt0l31 8 HMeHHO HX til!t80TltOOU11 

H 11;llei}opi.mpyeuoou" onpe;zteJIHIOT 6YAYlllHtl eanao aaeprHH iiec})opMa!lHR, 

1tl.1810llllillOH K .MOM8HTY paaiieneHHlt HllP8 !Ia OCKOJIK.II. 8TOT aanao aaTeM 

peamrnyeTOH, l3 OOHOllHOM1 B_ Blt:zte 110nyc1taHHJI HeilTpoltoB'~ SaBHCHMOO

Tll -9 (I.I) nonyqalOTO!l na ;naaa1i1x · p110.3 . yope]{HeHHeu no napaueTpy EK 

H np11Ee,teHhl aa pHc .4a1 d. 01tH B a11aqnTeJ1111ott uepe noiiocsuu ii11n 
K8JIH4JOPHU.lt H ltJIYTOHHH1 T.e. OOKOJIKl1 O;liHHaKoBott MaOCbl HonyoKaIOT 

npm5JIH811T8JIJ,HO O]J.HHalioBoe qncno nel-tTpolloB, HeCMOTpn Ha paaHHey 

B 12 HYRJIOHOB it8lltlJY ]t8JIR111l11111C.lt R:ztpau11. Paoo.i.toTpeHHe ID,te10oiel-tan 

HH<l)opuallHH no~ _(M) AJifl ,npyrux ]J.6JIHDil1XC.lt H30TOllOl3 ll COBOKYflHOCTH 

0 ABHIWMH ltaCTOfilll8~ pat1oTU noaDOJl~O C~OJ)l,(XJIHPOBau_,_~ll_O].I;: uac

~Oll08 paonpe;!i~'!_e_l!l18 -()(}_.l(_QJIKOB :nenelillfl B OCHOBHO!A onpe:ztenHeT i (M) I. 

'a T8Kllt8 :BeJI_HIH!HY ~ :-- C pe:ztHee-irnc.no -iiettrpoi10B- ;neneHHH • 

Ha. !)Hoi 3 1311,tHU Te aaaqeHRJI Elt l1 M, npH KOTOPHX OCKOJIKH 
' . 

12 
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Pacnpe;ne11e1111n BNXo;na MrH0Be1tHmc·aettTpoHoB ~eHeHHH 

B aaBHCllMOCTll OT oyMMapuol1 ~KHH6THl!eCKOll aHeprHH 

OQKOJIKOB EK 11 Mac cu OT]:(811:bHOro OOKOJIK_a M .· ;n:JIH: 

a - cnoHTaHHoro ;n:eneHHlt 252ct ; · · · ·· · · 
Ci - :zteJleHHfl .239Ft1 TellJIOBb!MH HebpoHaMH. 

IlyHKTllpHaH 11llHllH - ypoBHH BNXOlla OCKOJIKOB,ll6116HH~ 

I3. 

a 

d'. 
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HonyoRa!lT . · M8KOlU1aJI1>H08 H MHH11M8JIJ,H06 lll1CJ10 HellrpoHOB. 
Hanpwrnp, n·erxHe 001tomw o .waooaMn ll m1;epBMe 100< Mif 122 11.e,n. 
HCIIYOKalOT 11a11C10J1l,mee·tt110JIO aettrpoHOB npH llaHOOJiee, l38pOfli'HOM BHa
tteHlrn EK, 8 ~e np11 MHHHMBJIJ,~O.il BHatteHini: '. t KaR one.eyer Olitn;zt8!I, 
B OOOTll8TOTllHH o· aHepreTH1180RHM OaJiaHCOM. JlonOJIHHT8Hl>HUll !.'flllt8Jil:d1 
00,KOJl~K O Maooott A-MJI, Haodopor, 11ony0Kaer MHHIU(aJII,HOe ttHOJIO aen
TpOHOll npH HaHOonee llepoa~ao.lk aaatteiiHH EK,11 c yueHI>meH11e11 EK trno
no 11cnyo11aewx Ha Hero HellrpoHoll paoter. aro·yKaaNBaer ha uare
pecaoe OBOllCTl!O; OORMRH onpe;iteJieHHOll M80Cll ( aapH,n OOKOJIRa raKllte 
He ,nonEeH aaBnoeT1, o!.' EK) wory:r Meafir~ cnom ,ne~opMaitHii (HMe11r 
onott :ztiianaaoa 11aueae11ila wopuu) BMeore. o HaMelteHneM EK [17]. " 

flpe]lttOJial'Bfi OW6POH]la1I1>llyl0 ~Op!.ly OCKOJIKOB; IIOl!liO llO H3B80THHM 
Ha aRonepHMeitra oy11uapaott KHHermeoROtt aaepruii~ .Bl:lxo,iot iteltrpoHoB 
u aapH;ztWI .. ookonKa paociii.1u•au riapW4eTp~ ,neE}lopM.aLtlnt ..B1. flpH HHSKHX 
aaaqeHHliX EK HBlt]leHa ll8CI>Ma aaaqHT8JlJ,lla~ ,neqi6pllaturn OOKOnKOB 
); Ill It. npH 11pe]l8JII>H,o, .Bl:lOOKHx aHalleHHllX E.K OKaaHB88TCfl 1108.lilOlltHOll 
omrnoayraa qiopua ooKoJIKOBJ/ =-0.3. 

· MaKcnua111,Hoe ttvicno aei1TpoHo~ 11 irnre ]leJiean11 C11mo aan~eao 
paBHI.M ):o 'AJI.fl onoHTBHHoro ]l8Jl~Hilll 25~C.f H 8 MH. ,neneHMH 39Pu 
Tennolli.MH aenrpoaaMH~ B o6omc cnyllanx oan.npnHa:ztnemaT coOi.Tn
fiM ]leJieHilll_ c HMSKHMH attalleHilllMH EK 11 mHpoKoM;tHrepllaJie saatte~ 
,rntt Maco OOitOJlltOllo qHCJIO TBKHx _ C06I.THfi H8B8JIHRO H. paBl!O I0-4-
0T IlOJIHOI'O ttHCJla~ , , . . . 

~fa pa,cnpe;zteneHHH ~ nCEK,M/A-IA) aaxo;zt.HJIHC1, aaatteHHH dv 11/dEK 
llpH q>nKCHpoBaltH!:Jx M/A-M, KOTOplle HOfiOJil>SOBaJIHOJ, ]lJlH paotJeTa 
0 pe]lHeil alleprmq saTpa1Hrnaeuolt Ha HonyoRaane O;ztHOI'O llelli'poilat 

... : ...;, ' r'i:, • ::\ • ' • ' . • • - ~ • 

BilE1tM= -1/(di n/dEi() .:.. o.75 .. M~B/aettTP, . . . (3) 

r]le Bil•Eitii - yope]lHeHHU? no ~apflito:so~ pap~PeAeJIBH~Rl ,i11yx oo-
·. · KoJIROll ,mepr1,1s CBHsH !! aaepri'lli HeilTpt11ta ll CW.L, 

IlOOKOJll>KY ELtM risliecTHo; MO~lio t)rteHliri,: BeinNnHy tlpe)tli~tt 8H8~I'HH 
CBHSH uenrpoHOB B H;ztpax-ocKOJiKax, Yope]ll!eHH~e no Ma~caM OCROJIKOll 
aHalleHilll B11 oKaaaJIHcI> itp116n1tsHreiI1,1to c>;itlfHako11m,.it :it~~~ ooKoJiK?n,, · 
onolITBHHOrO ;zteJieHRH 252CJ H ;zte_JieHHli 239 .l?u T8JlJIOBUMM He1,hipo11a.1.m.,_ 
pa11Iii.un rv 6± 0.5 MsB/aeitTP. ' . . - . . 

Hs1.1epeHHe BiiXO]la Jenipoitoii HS 'TfillteJiux OOKOJiKOll itpn:_~JcciKHX' ·. 
SHaqeHHfiX EJI :- '1t~HeTwieoKO~ 8H8pI'HH JI8I'Koro. ot:~cimca. :anep:aue npo.:.. 

. !5 
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B8'A~HO RBTOpOU ;!l1IH ;!l8JI8HllH 235U T8fi1!0BhlUH aenTpOHRUH .[6]. POOT 

i(ll) 0 pOOTOM UROOhl OCKOJIKa OOXpaHH8TOH H llpll BUCOKl!X SHatieHHHX 

En, BJ.!eCTe O TeU 'AJIH H8KOTOp!:JX OOK01IKOB O uaocaun M?36; 142; 

I48; 154 u.e'A. Ha6n10.1taeTOH YB81!HtI8HHUtt BUXO'A HettTpOHOB. Aaa~o

rwtHhle pesynbTRThl Ha61IIO]lRIDTCH ,ll npu OllOHTallHOU "JI.81!8BHll 
252 Cf n ;zteneHHfi 239pu Ten110Bu1.1n aeitTpoaauH. B aTnx "P.BYX onyqaax 

KOCB8HHUM·cnooo6ou yoTaHaB1!HBWIHCb sapaw,i OCK01IKOB, OTB8TOTBeH

IIUX aa uacc0By10 CTPYKTYPY. itna 252 Cf 6011bme aeliTpoHoB ucnycKa!lT 

rpynnu tieTHhlX no sapH;!lY OOK01IKOB o MT::154-156, l =60 H MT::128, 

1=50 npu E11::II2-II6 MsB. nna 
239Pu+ nht noBumeaHNil Buxo;zt ·nel!Tpo

HOB npoaB1-mca ;ztnH ocKonKa c MT::128, ! =50 11 MT::I54-I56, l =60 

npll E11::Il2-II6 MsB [ 4 ,5] • 

Ilpe;zvxarae_TCH ll03l.!OlltHOe oCh,llCHeHlie Hall;zteHHhlM Koppenanmw . C 

no:rnnntt KllaHTOBNX 06011ot1etIHUX OllOilCTB OOKOJIKOB •. 

0llHCUB80TCH npone]lypa llhl;zteJieHHH BK1IS;ztS p83"JI.8JillT8JibiWX Hett

TpOHOB B cyuuapHoe tIHCJIO Hony~eHHhlX, OOHOBaHHSR Ha opaBHeHHll 

Tpexuep11ux paonpe;zteJieHnlr (cu.pnc.2), no11yt1ea·111,1x npn pern0Tpan11n 

. nettTpOHOll no;zt yrnoM o0 H IlO'A YI'JIOJ.! 90° K 1IHHHll pasneTa 00$0JIKOB. 

B nepBoJ.! cnyt1ae pern0Tpnpy10TCH B ocnoBHOM ncnapHT01!bHhle HeliTpo

Hhl1 S BO BToggM - HOll~PllT01lbHhlO, no C oy~eCTBeHHO 'ueH1,mell swwex

THBHOCUIO i 110n<E. ,E ) t H p88'A81IllT01!bf!l,Je. 

li!a aKCfiE!PHMeHTa B reo.UeTpllll 0~ BblttllC1!lllOTCH: B COOTll8TOTBHH c' 

WOP!-(YJIOlt (2). aaaqe~HR i HOii(E. ,E,_) H ll0Il01Ib3YIOTOH ;z(JIH pac11eTa 

paCf!P8;!l81IOHHR N ~~ll(E ,E ) , KOTopoe. 6HJio c5bl aaper110Tp11poBaHo B 

reo.ueTp1m 90° npu tiHOfo ·11cnapHTOJlbHOU i.lexaHH3M8 ncnyoKSHllH Hett

TPOHOB: 

Ni~~ (E .~ )=F90lE,,E}~ucn(E .. ,E )•5:~(E-,E),\ .... , 
r;!le FSOlE ,E) - pacnpe;!leJieHHe tIHCJia · ocxonmB ;!leneHHHi sape-- . 

rncTp11poBaHHoe np11 ns.uepenmIX B reoueTpw1 90°. 

HHTepnpe_THPYH aapel'HOTPHPOll8HHOe ll reoMeTpw-1 90° pac,ipe,l\eJieHHe 

N60(E ;E ) _ 1taK cynepnos11nnm: 

,,so'( )· , · so'(E E) so•(· · ) ,, ( · ) ( ) · 
l'l E ,E =·~ucri, •-• .. +F E,~_·,p0!~E1,E.•j,

0
,0 E.~E-,<4) 

uomno pacQ_IIHTan BeJIHqnay .. ·~ pas;z( JVIH K8l!t;zioro onoco6a ;!leneHna no 

4/opi.lyno ( onycxaell "(E ,E.)) : 

16 

90"· 

,, ~ [ N90' a lvcd' 
TpaJo = .. · rucn N .. 90 , -J. J · (5) 

u.n . poJo 

no (tlopMyJle (5) BbltIHCJIH1!11Cb 88BHOllllOOTH BblXO,lla paa,11em1Te111,

HhlX Hel1TPOHOB OT'-OTHOlllOHHll Mace OCKOllltOll l1 C~MMapttoll ltHIIOTH'le

CKOl1 aHepnm [7 ,a] . 1{1111 cnonTannoro ,11e11ennH 52 Cf no11y11e11111,1e 

peay1lbTaThl npe;z(CTaB11eHbl HS puc.5,a. Kalt CJ1e,11yeT l13 ;ztllarpaMMbl 

~ pas.11<EK,M/A-M), npeo6J1a,11aJOU\l1M MOXaHHSMOM HCnycKaHHH uel1Tpo

HOB flBJifl8TCfl 11crrapl1T01II,Hbll1: ]tJifl 60111,lllHHCTBa COC>h!Tl-111 ;zte11e111111 

~ paalo. 0,11naKo Bhl,11e11HroTcll oCiJiaCTH atta11e1111n Maco oc1m111toB 1-1 

OYMMap11oi1 KHHOTHtIOCKOi1 aneprHH1 xapaKTepl18YJO!ltH8Cll ncnyc1tal!lrnM 

11el1Tpo110B 11e11crrapHTe1IbHoro npo11cxom,11eHHH 1 ;ztl!H KOTOpblX v as.fi" 0.5. 

Anamrnnpyll COBMeCTHO pesy111,Tan,1 1 npe,11CT8BJI0!1Hhle. Ha pnc J I a H 

pnc .5 1 a I MOlKliO C,ll81!8Tl, Bhlll0,11, q TO Bb!XO,ll F83.ll0Jll1T81!1,HblX Hei1T po

HOB C>OJI1,lll8 B Tex c11yt1aflx, KOI',118 oCipaaylOllll18Cfl B nape OCK01IKH 

Cl1JlbHO pas11n11aJOTCfl MOlit.l\Y oo6oiil qiopMoll H s11eprnel1 B03C>YlK'A8lll1ll. 

SaBHCHMOCTH BblX0,118 pa3;!l01IHTe1!bHblX HOilTpOHOB OT OTHOlll8HHll 

Maco. OCltOJIKOB ~ pas.11<MT/M11) H cyMMapHolt Kl1ll8Tl1118CltOll aneprl1ll 

~ paaiEK) ;ztllll crronTaHHoro ;zte11eHUll 
252 Cf rtpirne,lleHhl na .pnc .5, 6 

ll puc .5' B COOTllOTOTBeHHO BMeCTe C pac11eTHh!Ml1 l-1 CT8TllCTlll!eCKH

Mll OlllllC>KaMH. A11a1IOI'lll!Hhle saBl-lCHMOCTl-1 nonyl!eHh! l1 JVIfl ,11e11ellllll 
239 pu T8ll1IOBblMU HOi1TponaMl-l. Hal1C>01lbWl-liA llb!XO,ll. pas;ztellllTOllbHblX 

HeltTpOHOB (CM. pnc .5, 6) HaC>mo,11aeTCll npn pa8,l\8110Hl1ll Ha OCKOJIKH 

c 11acca1.m MT/MJI~ 134/1!8 H MT/Mn~ 162/90. B OC>OllX 011yqa11x O;ztl-lH 

113 oC>paaYIDU\l-lXCH OCltOJIKOll 611HSOK It cqiep1-11teCKOMY • Xapa1tTep SSBH

CllMOCTl-1 1 paaiElt) C CM. pnc .5, B) yKaSh!BaeT, t!TO Bl,JXO'A pas;zteJIH

TeJibHblX HOiilTpOHOB pacTOT C POCTOM cy1.1MapHoil KHHOTHlleCKOli. anep

rnn npH COOTBeTCTBYIOlllOM yMeHbW8Hl-ll-l aHeprnn B03C>Yllt,ll8Hllll oc~on

KOB. TaKHM o6paaoM, aHeprnn BOSC>YlKAOllllll OCKOJIKOB ~e. llB1!llOTC!l 

Henocpe]lCTBeHHOll npul!HHOll B03Hl-lKHuBeH11ll pas;zt01IllT01IbHhlX HeM

TpOHOB. C yBenntieHHeM EK ( ~l-! yMeHbllleHHeM paccTOlllil1ll MOlK;!lY oc

KOJIKS!Jl1, B .1.!0M8HT paa;!leJleHl-!fl} HX cJ)opMa (ocoC>eHHO ({lopua O;l{HOI'O 

OCKOJIKa) CT8H
0

0BIITCH 6one~_ cipep1-1t1ecKoit, COOTBOTCTBOHHO "JI.OJllKHbl, 

yBennt11rnanc11 cKopocn pas11eneHHH 11 yueHbwaT1>CH BpeMH pasphlBa, 

H, Kalt noKasaHO B TeopeTHtieCKl!X pa6oTmc, STO C>Y;!l8T npHBO;ztllTb 

It pocTy llhlXO;zta pa3"JI.81Il-lT81IbHhlX HOil'l'pOIIOB. BRJiait pas;z(OJIHTOUHblX 

iiei1TpOHOB B oe5mee tll-101!0 ncnyl!leHHl-lX Hei1TpOHOll Ol\8H8H BeJIH1Hmott 

!7 
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15 ±a% )lnfl. CfiOH~aHHoro 'Aenemui 252 Cf H- 20 t12% 'AJifl 'AElJ!emm 
239pu TeIIJioB1rn11 HeltTpoarum (a]. : - 0

. . • . · 

OCHOllHNe peayJibTaTN 'AHCcepTaUHOHHolt paCiOTN MQgHO c~opMy-
mtpollaTD ll CJIB'AYIOII\8M llH'A8•. • . . , 

I.· PaapaCioTaHo aKcitepHMeHTWibHOe oOoPY'AOBatrne wi1t 1rnyqe
mm MrHolleHHQlt HeltTpOHl!Oll 8MHCCHH' Ha OT'A8ilbHNX OCltOJIItOB cnoH
TaHHoro ~H ,,Jll,IHyl!('AeHiiOrO 'A81IeHl1fl ,mep, B TOM q11c11e m.myJll,CHBH 
HOHHaaUHOHHall KaMepa :B TOKOllOM pelKltMe, )ln!t HBOTOilO:B, OTJIUtlB-

. l!lJ.!lliXCH fiOBhllll8HHl:lM c])oHO!.I conyTCTllYIOJ.!l8rO 8JIL((/a-Ha1IyqeH1m •. 

2. ·nontl'.eHl:l aaaqeaHH cpe'AHllX aaeprHll cneKTpo:B uellTpoHo:a 
'Aenemm 23.:iu. 235v; 239 Pu TertJIOBhlMH HellTpoHBMH c TOttHOCTlilO 
2% H c])opMN Kal!t'Aoro cneKTpa OTHOCliT8J!bHO OCintero 8TaiIOHa - cneKT
pa nellTpOHOll.CfiOHTaHHoro 'A01I8Hlifl 252c, .... 

. . ; 

3. BmtBneHu oT,7:1e111iHl:le ocKomm, JionyoKa!OI:\He 11aKcnMWILHoc u 
UHHHMWibHoe i.rHcno ''aellTpoaoB, OueaeH napaMeTp ,ne41opuaum1 'Ailfl , 

TaKHX OCKOJIKOD, 
]lJill napN OCK~1IKOB O cJ/HKCHp~BaHHNM OTHOl:18HHOJ.I l.!aCC IJUqHcno-: _ 

Ha ycpe;naeHHaH no aapit'AOBOMY pacnpe'AeJieHHD aHeprm1, aaTpa1urnae-
1.1aH na HonycKaHHe d;nHoro neltTpoHa. C'AeJiali BUBOA o P3maxmeu · •. 
llJIHHHHH Maoconoro pacnpe;neneHHH oc1<0111t0n· Ha -g;op1mpona1me cpeA-
Hero qncna neilrpoHoB Will ;naanoro naoToria •. •' _ 

: ~-~ ]infl nmin ~11y1me:a 'AOJiemm ~233v, 235tr~ 239 Pu ae~nxca ;· ;, 
T8fi1IOBN.IU1 nelltpOHW,IH; 240pu, 25 C/';neJIH'.r'on cnoHTSHHO) '.BlilRDJI8-
HU. re _oOnaorH. napaueTpo:B. ocKonito:a~ 1t0rop!ie xapaKTepHH ?'oT~;k- <; 
T;~oll11 uaooo~oro pacnpe,nenemm. J{JUI rpex ;nenHL'tliXCft .ft'Aep ( 

3u, 
2 Put 25,2Cf) ycraHo:aneHa Koppennui:m ilellQU c~pyK~ypo~ :B t.t9:c-. >, 
COl!NX pacnpe]t8Jl8HW1X Tfll!t8nllX OCK01IKOD JI llHCJIOM lic'nyCKa8MHX'( 
lWH ne~rpouo:a·; . . . . . • ... · ·· ·• • _ ... i :'. > ·,) . :;·:/- .~ .. ;;' :}~i':i::• 

· .. 5; J{Jifl OllOHTaH~oro ~eneHrul 252 Cf it 1-t~~Hun?~.
9 pJ ;~niidw~~ 

MH nellrpoHaMH Bnepl!Ne ·.n011yqeHH ·JP)yMepHHe. 88l!HCWlOCTH'BNXO,l\8\:•\,C 
p83A8JlRT8JlbHliX Hel!rpoHOB ·or orilomenwt 'uaco li cyui.iapfiott :'m.1ae'li'i1-. 
qecKolt · aaeprW! _QCKOJIKOl3. A8Jl8HWlt yKaSBHH ·_ o(jna1£1nj.taitbKUMl>HOfO S 
~NXO]tEl. paa;1ie11HT8Ji1>mtt 'lieltrpoaoii. "'noJiqepKHB88!Cfl .· H8JI1NH9 ROHK)'·;{n 
peaium 11ew. HcnapH!8Jll>liHIIH B pas)teJiirrenI>HWffl 'Heilirpoiiriiii#;;aa::/ 
BHOJin\~I,\ iir napa~e!~~ OCKOJI~:B j\eJlew.,:~,;··'' ,., .. , - ••c .. •-•' ••.. 
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