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BBEilEHIIE 

BaaHMOAeCkrellle pesoHaHCHbiX HeHrpoHOB c A€Il-RI!.IHM'-1CR R.QpaMI-1 
xapaKT€pH3Y€TCR 3aMeTH~MH 3¢~eKTaMio1 ~HTep$epeH4HH M€W.QY peao
HaHCaMIII. Oco6eHHO C.HnbHbl 3TJ.1 3¢¢eKTbl e nonHbiX ce4eHr.utx 1r1 ce~..~e
Hif'IRX A€11€HHR • 

.Qnfl napaMeTp11138LtVIH 3Hepren14€CKOa7r- 38Bl-1CHM0CTYI C€4€HH~ H.C
nonb3YIOTCR ABe OCHOB7bl€ CX€Mbl MHOrOypOBH€BOrO npe.QCTaBil-€HI-1R: 
cxeMa Pa~xa-Mypa7 1 - MHoroypoeHeeoe n~H6nHweHHe .QilR ABYX 

1-1 6onee KaHanoe peaK4HIII, cxeMa AAnepoe ~t - S -MaTPH4Hb1H 
¢opM.9.I11113M .QnR nto6oro 41-1CJ1a yposHeH "' KaHanos peat<~HH,. 4TO 

• ~.! y,qo6HO ,GilR npe.QCTaBJl€HHR C€4€H~H1 _f!A€P C uuJlbWIIIM 4J.1CJ10M K8Ha-
110B peaK~lo1!-t 4eM 3.. · 

npeHMy~eC1~80M CX€Mbl Pai1xa-Mypa RBJ1R€TCR TO, 4i0 napaMeTpbl 
1-1MeiiJT npocroM dH1SH4eCKHtir cMbrcn, ·npRMYK> CsR3b c hHePHbiMH Mo
,QenRMH H HX MomHo 3KCTpanonHposaTb Ha oOnacTb HepaapeweH~x 
peaoHaHcoe c Hcnonb30B8HHeM H3BeCTH~x p~cnpe,qeneHHH. O,qHaKo 
e 3Toi1 cxeMe cnO>KHO Y4H-Tb!B8Tb ,qonn-nep-3~-eKT, a nPHMeHeHHe 
M€TO,Q8 H8HMeHbWHX KB8APaTOB ,QilR no.ny4eHHR napaMeTpoa· ff·BnReT
CR Tpy,qoeMKoH onepa41-1ea1·. KpoMe TOro, y4eT HHT-ep<!JepeH~HH 6onee 
4eM ,qeyX yposHeH H eee,qeHHe 6onee 4eM Tp·ex KaHanos peaKI..lHH 
TSK>Ke npHBO,QioiT K 50J1bWHM 06beMSM Bbi4HCheHHi:1. 

¢opManH3M A,Qnepoe 6onee y,qo6eH ,qnR eocnpoHaee,qeHHR ce4eHH~ 
s pact~eTax peaKTopoe. B 3TOM <'JopMa11H3Me nerKO-Y41-1TbleaeTCR 
,QOnnnep-3$¢€KT, B03MO>K~ Oni-1C~HH€ Ce4eHHi1 C .n~fib!M 4HC110M Ka
HSJlOB peaK~HH H HHTep¢epHpy~~HX ypOBHei1, BBe,QeHI-1€ nonpaBKH 
Ha 3Kcnep1-1MeHTanbHOe paapeweHHe H nony4eHHe napaMeTpoe MeTo,qoM 
HSHM€HbWHX KBa,qpaTOB .cpaBHHTeilbHO npoCTO. 

B HSCTOR~ee epeMR npHH4HnH'a11bHOi1 TPYAHOCTbiO, eo3HHK.al0ut~i1 
npH HCnOJlb3088HHH Ha6opa napaMeTPOB, Ol..leHeHHbiX lo1CXO,QR H3 f\~H
Hb!X no C€4€Hio1RM AJIR P€8KTOPHbiX p8C4€TOB, RB!1R€TCR Hey,qOB.neT
BOpHT€IlbHO€ Onlo1C8Hio1€ 3¢¢eKTOB pe30H8HCHOrO C8M03KPSHHpOB8RHR 
C€l4€HI-1~, HrpaiO~VIX fiO!lbWYIO pon·b B C!JopM1o1POB8HHI-1 cneKTpoB 8 peaK
TOpS X. .QeliiCTBHT€1lbHO, TSK H83biB8€Mbl€ $aKTOpbJ P€30HSHCHOrO C8M0-
3Kp8HHPOBB-HH.R, CO,Q€p)f(a~J.II€CR B CHCTeMe R,QepHO--(I)H3H4€CKHX KOMnO
H€HT A.flR pac4eT8 'peaKTbpos, 04€Hb 4YBCTBJ.IItellbHbl ·_K HHTep¢-ep~·H
LtHOHHbiM npoeanaM e 3HepreTH4ecKoM XOAe n'onHoro Ce4eHHR. HH
¢opMa~~t~R 0 peanbHO~ HHTep¢epeH~HOHHOi1 KSPTHHe np0.RB.flfi€TCfl 
HM€HHO npltl I-13MepeHHH $yHKI..lHi1 nponycKaHHR HCCile,qyeMbiX o6pa3LtOB 
c 6onbWHMH To.n~VIHSMH. TaKHe H3MePeHH~ HaH6onee ~H¢opMaTHBHY 
no OTHOWeHH~ K napaMeTpaM, bnHCb1Ba·IO~l.1M Me}Kj:>e30HSHCHyfO 1.1HTep-
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Is/ 
¢lepeHI..lVIIO /napaMeTpbl H I . 01..1eHKa 3HS4eH~t~ilt 3Tt.1X napaMeTpos, 
nony4aeMa~ s peaynbTaTe HaMepeH~t~~ ,QeTanbHoro xoAa ce4eH~t~~, 
OKS3biBS€TC.R B€CbMa 7eHSA€}1{HOJit /pa3!1Vlt..!Hble Ot.J.€HKI-1 MOryT 0Tfli4-

48TbC.R ,QaH<e 3HSI<OM/ 4/. 3Ta TPYAHOCTb MQ)f{€T 6btTb npeOAOJ1€Ha 

nyTeM npt.>~ene4€HVI.A 3KcnepJ..1MeHTaJlbHbtX ,qaHHblx, COA€P>Kauv1x 
HH~OpMaU.H~ o peaoHaHCHOM caMo3KpaHHposaHI4H. TaKAM~ AaH-
HbiMH .RBJ1.AIOTC.R $YHK41o11o1 nponyCKSHV1.A, CSMOt.1H,QJ.IIKS!..iH.A Ill peayDbTSTbt 
Cn€U.Io1SflbHbiX HHTerpanbHbiX 3KCnept.1M€HTOB. 

UenbiO HSCTO.AlJ..IeH 'pa6otbt &tna paapa60TKa · MeTO,QWKVI nony4eHvt.A 
8 -MaTplti4HbJX napaMeT.pOB C HCnOJlb30B8HIII€M AClHHbiX 0 nponyCKSHVU1 
HeihpOHOB "4epe3 60J1bWIIT€ TO!ll.LIHHbl J.1CCJ1€AY€MbiX o6p831..10B. TaKa.A 
M€TO.QHKS B ,Q811bH€~WeM N0)f{€T HCnOllb30BST.bCfl AI1fl YT0llH€HI1fl S
MaT.pl-1'-lHbiX pe30HaHCHbiX napaMeTpOB. 

~OPMYTIHPOBKA 3AnA~H 

napl.\148IlbHoe ce"leHHe nma "a", a TaK>Ke non Hoe cet..~eHwe, a a 
Bbf4eTOM noTeH4HS!1bHoro_ ·paccef!Hitlfl, npeAcTaBnfleTcfl ·no cxeMe 
AAJ1epos s BWAe cyM~ no peaoHaHcaM k: 

0 a a 
u {E) =rrA2 :E -~~1!Hk_(E -«k) 
a k (E-"k) +v: /1/ 

r..Qe A - A1111Ha s.onHbl Hei1TPOHa, E - 3Heprwfl HeHTpOHa, 11 k - nono-
>KeHHe YPOBHR, Vk - OOJlOBHHa WltlpYIHbl YPOBH:.R, 0 k -.. napaMeTp, no-
Ao6Hb1H BeJlltllllti-H,e 2rn ra ;r H k- napaMeT-p ,. 'onpeA'€1lfli0!414H Me>K-
pe30HaHCHYIO HHTep¢epeH41410. 

Y4eT Tennoaoro ABH>KeHWfl RAeP npwsOAHT K ¢OPMY11e 

(E 2s 1 a a ua )=rrA k vkiGk¢-("k•~k)+Hky(xk.~k)l, /2/ 

11 -X - I-13BeCTHble AOnn,nepOBCKHe ¢yHK4Hlo1 OT rAe ~YHK4HH if< 
E-"k X k = -:--'-"-

vk 
Vk 2kTE 

Ill (k"" x·, /1 =v'--:A";i- - AOnnnepOBCKafl WltiPHHa. 

_Ha6.moAaeMoe 
weHitleM 

nponycKaHitl€ CB.A3aHO C nOJlHbiM CelieHitleM COOTHO-

T,(E,n)= ( R(E',E)exp[-u (E')-n)dE', 
8E t 

/3/ 

rAe R(E~,E)- HOPMIIIPOBSHHaR ¢YHK4111fl pa3peweHIIIR, .n- TOiliJ.IIIIHa wc
CI1€AY6MblX o6pa340B B RApax/6apH, ~E - HHTepsan ycpeAH€HHR. 

tf>yHKU.HR R(E ~.E) A11R cneKTPOMeTpa no apeMeH!II hpOneTa o6bl4HO 
6JH13Ka K ¢opMe KPHBOH raycca. 0TMen1M, 4TO npw aHa!1H3e' ce~..JeH1-1i1 
npHXOAHTC.A HM6Tb Aeno c npowaseAeHHeM R(E~.E)· a(E'), 4TO no..; 
380Jlfl€T npOBOAHTb OAHOBpeMeHHYIO CBepTKY no cneKTPY TenJlOBOrO 
ABIII)!{6HI4R Tlllna t1aKCB€11J1S H ¢YHK4J.1H paapeWeHHR T!llna ra}'cca -C 
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CYMM14POBSHVI€M AVICnepcvt~ L\ 2 
= 6~+6;. 0.QHaKO npvt aHaJlvt3€ $YHK

~VIVI nponycKaHvt~ 3TOrO C,QeJlaTb H€Jlb3~t T.K. C€4€HVI€ BXOAVIT B 
Ka4€CTBe MHOmVIT€11~ B noKa3aT6Jlb 3KCnOH€HTbl. TaKvtM o6pa30M, 
peweHvte 3aAa4vt noTpe6oaano npvtMeHeHvtn .QBO~Horo 4vtCJ1€HHoro vtH
TerpvtpoeaHvtR, 4TO ycnomHVIno anropvtTM. 

06PA60TKA .QAHHbiX 3KCnEPHMEHTA H PE3YnbTATbl 

3Ha4eHVI~ $YHK~VIVI nponycKaHVI~ Tt(E,n) 6~nVI nony4eH~ AriB Ton~ 
Ul"H o6paa~os 239 Pu a ""Tepaane 0, 0025-0, 1234 RAep/5apH Ha 
He~TpOHHOM cneKTpOM€Tpe no BpeMeHVI npOJleTa peaKTOpa ~6P-30. 
npOJl€THa~ 6a3a paBH~JlSCb 1000 M, pa3p€W€HVI€ - ]0 HC/M, WVIPVIHa 
KSHaJla - 32 MKC. ,lJ,eTeKTOPOM ,C!lymVI/18 6aTape~ 3 He-C4€T41.1KOB 

C HV13KVIM C06CTB€HH~M ~OHOM. nepeM€HH~H no Bp€M€HVI $0H peaKTOpa 
H3Mep~11C~ M€TO,QOM pe30HaHCH~X ~VIJlbTPOB. 

nporpaMMS nony4eHVIfl napaMeTpOB Ham1C8Ha Ha R3b1Ke 00PTPAH 
C VICn011b30B8HVI6M paHee H~nvtcaHHOrO MO.QYJlfl pac4eTa $YHK~VIH W 
VI X, CTaH,QapTHbiX nporpaMM, pea/1V13YIOli.\HX M€TOA HSVIM€HbWVIX KBa,Qpa
TOB - FUMILI /s/. 

0WV16Kvt 3KCnepvtM€HTa/1bHbiX T04€K 06yC110811€Hbl 8 OCH08HOM CTa
TVICTVIKOH OTC4€T08 VI norpeWHOCTbiO 8 Y4€T€ nepeMeHHOrO ~OHa. 
CTaTVICTHKa OTC4€T08 A/1fl 06JlaCTeH M€*AY pe30HaHCaMH 6blna nOpR,Q
Ka 10 3 8 ny4Ke 6es $HJlbTpoa. 

Ha pHc.l noKaaaHbl 3Ha4eHHR aKcnepHMeHTanbH~x T04eK nponyc
KSHvtR /TpeyrOJlbHVIKH/ C 3KCnepHM€HTSJlbHhlMH 0Wvt6KSMH npH TOJlli.\HH€ 

HCCJ1€AY€MOro o6pa3~a 0,1234 R,Qep/6apH VI P€3Y11bTST MHOroypo8-
H€BOH no,QrOHKH nponyC,KSHVIfl- Ha 4€Tblpex pe30HSHCaX :26,2; 27; 

32,3 vt 35,4 aB /Henpepb18HaR nHHHn/. KpoMe napaMeTpoa 4€Tblpex 
H3o6pameHHbiX peaoHaHcoa 8 pac4eTe Y4HTbl8anHcb e1.1.1e Tpvt peaoHaH
ca CJl€88 VI cnpa8a AflR KOppeKTHOrO y4eTa HX 8K11aAa. 6 T8611VI~e 
npvt8e.QeHbl napaMeTpbl 4€Tblpex BblweyKa3aHHbiX pesoHaHC08, nony4eH
Hble c noMO~biO MHOroypo8He8oH no,QrOHKH nponycKaHHR npVI 4eTblpex 

TODUl"HaX 06pa3~0B: OT 0,01645 AO 0,1234 RAep/5apH, 
Ha pHc.2 H306pameHa 388VICVIMOCTb 8€11H4VIH~ r (r p88HO OTHQ-

WeHHIO 'C"T'aTHcn14ecKoro seca _l_h napaMeTp-a Hk K speMeHvt 
(~Hk)• 

H3MepeH1.1fl) OT TOJlll.llrtH. ¥13 Pl-1C". 2 8H,QHO, 4TO C. yeeJlH4eHH€M TQJl
li.\HHbl HH$0PM8~HR 0 napaMeTpe Hk; OT8'€TC:T'8.eHHOM 38 Me)l(p€30HaHc
HYIO HHTep~epeH~HIO, Y11Y4W8€TCR. 0AHaKO HMeeTCfl npeAeJl, BbiWe 
KOTOporo y8e11H4H88Tb TOJl~Hy H€8~rOAHO. 3THM npeAeJlOM 8 A8HHOM 

cny4ae RBnReTCR TOfltJl"Ha 0,06582 RApa/6apH. 
0TM€THM, 4TO pe30H8HC~ npH 27,2 H 35,4 3B R8Jl~IOTCR cna6b1MH 

pe30H8HCSMH Hy1le8oro CnHHa C ManoH HeHTpOHHOH WHPHHOH, OHH He-
4eTKO 8b1Ae11RIOTCR npH l-13MepeHHRx H HX napaMeTP~ H3B€CTHbl C 6onb
WO~ norpeWHOCTbiO. npH o6pa60TKe ¢YHK~HH nponycKaHHR o6pa3408 
C 60JlbWHMH T01l~HH8MH 3TH napaMeTpbl, Gk H Vk, MOrillo'! 6bl 6b!Tb 
onpeAeJleH~ C MeHbWeH norpeWHOCTbiO, OAH8KO HeAOCTaT04HOe paspe-
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Pac.I. Pe3YJIDTaT MHoroypOBHeBoH rrapaMeTPH3aUHH ¢YHKUHH rrporryc'i<a'iilii IIPH TOJin:tHHe -o6pasu;a 0, 1234 a.n;. I OapH. 6.- 3KcnepHM€HTanb
Hbie 3HaqeHH.fl C OIUH6KaMH, HenpepbiBHaR: KpHBaH: - BOCCTaHOBJT€HH€ 
BeJIW·UIHhi TIPOIIY.CKaHHR ITO IIOJiy'l€HHbiM n:apaMeTpaM. 

4 

Ta6rrnu;a 

Pe30HaHCHbi€ rrapaMeTpbi ITOJIHOI'O ce'tl€HH51 
239Pu, IIOJIY'lf€HHb!e 

C IIOMO~bro MHOI'OypOBHeBOH IIOAI'OHKH rrpOTiycKaHH.fl IIPH 
qeThrpex TOJIUUiHax o6pa3u;oa: oT 0, OJ 645 ,n;o 0, I 234 a.n;ep/ 6apH 

26,27+0,02 
27,26+"0,02 
32,30+"0,02 
35,39~0,03 

-··---·-----------

0,445+0,053 
0,040+"0,005 
o,on+o,oo6 
0,058~0,005 

-0,003+0,0020 
0,0043+0,0015 

-0,0021+"0,0012 
-0,0010~0,0010 

41+6 
24+"4 
78+9 
17+"2 



-· T•tO 
Pnc.2. 3aBHCHMOCTb B€JIHl.JHHbi : :fl 'I' I' I' I 

jljlj ij ijijljljlj '1'1'1' I 'IJ ; oT norapH~Ma TOJlW,HHbl o6-
pa3u;a / ng ./6apn/ /J,JI>I pe3o-0 HaHCOB c 3HeprHHMH! 0 -

0 26,27 3B; 1'.- 27,26 oB, ' 32,30 oB, 0- 35,39 oB. 
!':. 

8 
·0 we Hille ~ H€BbiCOKaR CTaTHCT-J.II-
:t 
5~ 8 0 8 ll€CKaR T04HOCTb H3MepeHH~ He !':. 

0 noaao.nvmH 3Toro c,qenaTb. ~ !':. Ha1116onbwee YT04H€HVI€ AOCT"'r-I 

0 o w.u.LL>:'-':W.LU~~.u.c;";;-cw.~7'UJ_:':2:-';;6 HYTO n p111 nony4eHHI-1 na paMeT--6 s -s e -s-o --4·2 -J . .,. H c 
log,n pa -k. pa_eHeH~t~e aem-11.11-!H na-

paMeTpoa c o~eHKO~, npoBeAeHHo~ AAnepaMH 161
, YKa3MBaeT Ha YAoe

neTsopiiiTenbHOe cornac~tte napaMeTpoa Gk H vk . 

3AKiliO~EHHE 

npeA110~€Ha MOAI-1¢VIKS4HR M€TOAHKH OnpeA€11€HVIR p€30HSHCH~X na
paMerpOB n011HOro C€4€HHR B $OpMSI1H3M€ S-MaTPI-14~ Ha OCHOB€ AaH
H~X 3KCnepiiiM€HTOB no nponyCKSHIII~ He~TPOHOB.AHS111113 3KCnepHMeH
TSI1bH~X $YHK4~~ nponyCK8H~R npH 6onbWHX TOn~HHaX HCCn€AY€M~X 
o6pas4-oe noaeon.ReT nonYllHTb AononH~t~Tem:~HYIO HH$opMa.t.V·1IO no cpas
HeHH~ C aH8!1H30M A€T8!1bHOro XOA8 C€ll€HH~:yTOllHReTCR napaMeTp 
Hk, OTBeTCTBeHHbl£1 38 Mea<pe30H8HCHYIO YIHTep¢1epeH41o110, 3TO B€A€T K 
yT04H€HYIIO 3¢$eKTOB pe30H8HCHOro C8M03Kp8Hio1p0B8Hvt.R, 04eHK8 KQ
TOp~x samHa All.R paclleToa RAePH~X peaKTopos. 

8 paMKaX A8HHO~ M€T0A"1Kio1 803MO>t<€H TaKH<e COBMeCTHbl~ 8H8J1143 
WHPOKOrO Ha6opa 3KCnepHM€HT8J1bH~X A8HH~X no C€4€H~.RM lo1 nO npo
nyCK8HVIIO Afl.R npOH3B0!1bHoro Ha6opa TOll~HH. TaKoH aHa~a noaso
nReT nony4HTb Ha~t~6onee nonHYIO HH~OPM84H~, KacaiO~YIOCR xapaKTe
P"fCT~-tK peaoHaHCHOH CTPY-KTYP~ HeihpoHHbiX Ce4eHvtC1. 

B 38KI1104€Hio1e asTOPbl Bblpa>Ka~T 6narOAaPHOCTb n.6.n~t~K€!1bHepy 
vt A.A. BaHbKoey aa none3Hble o6cy>+<AeHHR. 
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