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BBEilEHI1E 

3a,qa4a MHoroypoBHesotf napaMeTpH3al..li"U'I pe30HSHCHbJX C€4€HIIIil! 
paCCMaTp~sanaCb MHOrHMH SBTOPSMH B CBR3H C He06XOAHMOCTb~ 
aH3!1H3a H€ TOllbKO pe30HSHCHbiX, HO H J.1HT€p$epeHLtlo10HHbiX oco-
6eHHOCTetf 3HeprerH4ecKoH aaeHCHMOCTH ce4eHHH Ill. Oco6blc:i II!Hre
pec npORBilR€TCR 3A€Cb K B331o1MOAC~CTBJ.110 pe30HaHCHbtX H€i:1TpOHOB 
C ,qellR~HMHCR RAPBMH, KOTOpoe xapaKT€PH3Y€TCR 38M€THbiMH 3¢$eK
TBMH HHTep¢epeH4HH M€mAY pe30HSHCBMH, npH4€M HaH60J1€€ CHllbHbl 
3TYI 3$$€KTbl B nOJlHbiX C€4€HYIRX 1-1 C€4€HHRX ACJ1€HHR, 

AnR napaMeTpH334HH 3HepreTH4€CKOH 33BHCHMOCTH C€4€HHH HC
nOilb3YIOTCR ABC OCHOBHble CX€Mbl: CXCMa PaHxa-Mypa 121 

B R -MaT
PH4HOi:1 reopHJ.1 "" cxeMa A,qnepoe 131 a S -MaTplo14HOH reoplo1H. 

npeHMy~eCTBOM CX€Mbl PaHxa-Mypa ~Bn~erc~ TO, 4TO napaMeTp~ 
HMeiOT npoCTOC1 ¢H3H4€CKHI1 CMbiCJl, np~MYIO CBR3b C RAePHbiMH MO
A€11RMH H HX MOmHO 3KCTpanOflHPOBBTb Ha 0611SCTb HepaapeWeHHbiX 
pe30HSHCOB C HCnOJTb30BSHH€M H3BeCTHbiX pacnpeAeJ1eHHC1. 0AHBKO 
a 3TO~ cxeMe cnomeH y4eT AQnnep-3¢¢eKra, a npHMeHeHHe MeTOAa 
HSHM€HbWHX KB3AP3TOB AllR nony4eHHR napaMeTpOB RBJlAeTCR TPYAO
eMKO~ aaAa4eH. KpoMe Taro, y4eT HHTep¢epeH4HH 6onee 4eM ABYX 
YPOBHe~ H BB€A€HHe 6onee 4eM Tpex KSHallOB peaK~HH Ta~e npH
BOAHT K 60ilbWHM 06b€MSM Bbi4HCJ1-€HH~, 

CxeMa AAnepoe 6onee YA06Ha AI1R eocnpoHaBeAeHHR ce4€HHC1 a 
pac4eTax peaKropoe. B 3TOM $OpManH3Me nerKo Y4HTbiBaeTc~ AOn
nep-3¢¢eKT, 803MOmHO OnHCBHH€ C€4€HHC1 C fll06biM 4HCJ10M K3HBJ108 
peBK4HC1 H HHTep¢epHpyiO~HX ypOBHeH, BB€A€HHe nonpaBKH Ha 3KCne
PHMeHTSJ1bHOe paapeweHH€ H nOI1Y46HHe napaMeTPOB M€TOAOM HaH
M€HbWHX KBBAPBTOB CpaBHHT€JlbHO npOCTO. 

8 HBCTOR~ee epeMR TPYAHOCTH SHBI1H3S C8R3BHbl, 8 OCHOBHOM, 
C HeAOCTaT04HOH T04HOCTbiO H nQJlHOTOH 3KCnepHM€HTBJ1bHbiX .ABHHbiX, 
4TO npHBOAHT K HeOAH03HB4HOCTH peaynbraroa aHanHaa. KpoMe Ta
ro, npHH4Hn~aJ1bHOH TPYAHOCTbiO, B03HHKaiO~eH npH HCn011b30BaHHH 
Ha6opa napaMeTpOB, 04€H€HHbiX HCXOAR H3 ABHHbiX no C€4€HHRM, 
B peaKTOpax, RBJ1R6TCR H€YA0BJ1€TBOPHT€1lbHO€ onHCaHH€ 3¢¢eK
TOB peaOHSHCHOrO CaM03KpSHHPOBaHHR C€4€HHH, Hrpa~HX 60nb
WYIO ponb a ¢opMHpoeaHHH cneKrpoe 8 peaKropax. Ae~CTBHTenb
Ho, TSK HB3biBS€Mbl€ $aKTOpb1 p€30HSHCHOrO CBM03KpaHHPOB3HHR, co
Aepma~HeCA B CHCTeMSX KOHCTBHT A11A pac4€TOB peaKTOPOB, 
4YBCTBHTellbHbl K HHTep¢epeH4HOHHbiM npOBSJlaM 8 3HepreTvt4€CKOM 
XOAe Ce4eHVIR. HH¢OPMa4VIR 0 peaJlbHO~ HHTep$epeH4HOHHO~ KapTVIH€ 
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npORBJ1R.eTCR HMeHHO npYI YI3MepeHJ.1RX nponycKaHHR Ha 60J1bWYIX TOI1-
IltJ.1HaX J.1CCJ1eAyeMb1X o6pa3l.IOB. 

HecoMHeHHO., 4TO npHane4eHHe K aHai1H3y AaHHbiX no nonHOMy 
Ce4eHJ.1~ COBMeCTHO C pe3yJ1bTaTaMYI 3KCnepYIMeHTOB no nponyCKaHH~ 
He~TPOHOB 4epe3 TOJlCT~e o6pa3l.l~ n03BOJ1ReT 6onee HaAemHO onpe
,QeJlRTb napaMeTp~ pe30HaHCOB H, COOTBeTCTSeHHO, BOCnpOYI3BO,QJ.1Tb 
,QeTaJlbHY~ 3HepreTYI4eCKY~ 3aBHCYIMOCTb Ce4eHH~, a 4epe3 Hee-
(f>aKTOp~ pe30HaHCHOi:1 CaM03KPSHYIPOBKYI 'l' · . 

8. AaH.H9i1 pa6oTe Ha OCHOBe ·MeTOAHKYI, pa3pa6oTaHH0~ B IS!, 
npeACTaaneH~ peaynbTaTbl MHoroypoaHeaoro aHanH3a AaHHblx no 
nponycKaHHFIM Hei1T·POHOB 4epe3 pa3Illo14H~e TOJllltHHbl o6pa3l.IOB ·Pu-239 
B 1o1HTepeaJ1e. 3Heprlo1~ OT 4 AO 50 38. 

METOilHKA H OCHO.SHbiE <!IOPMYJlbl 

napLIHanbHoe ce4eHY1e THna "a'~ a TaKme non Hoe ce4eHHe, a a 
Bbl4eTOM Ce4eHHR nOTeHLIHaJlbHOrO paCCeRHYIR, npeACTaBJlReTCR B 
~xeMe AAJ1epoa a B~t~Ae CyMMbl no pesoHaHcaM "k ": 

G ~ v k + H ~ (E- ~ k ) 
2 2 l ' (E-~k) + vk 

/1/ 

r,Qe i\ - AJ11.1Ha aonHbl Hee1TpOHa, E - 3HeprHR HeChpoHa, p. k - no
nomeH~<~e YPOBHR, vk - OOI10BJ.1Ha WJ.1PHHbl YPOBHR, G k - napaMeTP, 
xapaKTepH3y~~H~ nno~a,Qb ypOBHR, Hk - napaMeTp, xapaKTePI-13Y~~HH 
Me>Kpe3oHaHCHyiO· HHTeP<J>epeH-41-110. 

YlleT Tennosoro ABYimeHHR .AAeP np~<~BOAHT K _cpopMyne 

CT (E) ="X2 :E!-1-[Ga,P(xk ,(; l+Hakx(x ,(;k)]}, a k vk k k k /2/ 

r,Qe $yHKU,HJ.1 t/J J.1 X - J.13BeCTHb1e ,QOn11epoBCKHe ¢YHKU.VIH OT X k J.1 .;k. 
3AeCb xk= (E -~k)/v k; (;k = vk/ I:J., tJ.- AOnnepoecKaR W"P"Ha. 

Ha61110AaeMOe nponycKaHHe CBR3aHO C nOJlHbiM CelleHVJeM COOTHQ-
weHYieM: 

T (E, n) = f R(E', E) exp[-o-, (E')· n]dE', 
t i:J.E 

/3/ 

r,Qe R(E:E)- HOpMHpOBaHHaR $YHKLIHR paapeweHHR, n- TOJl~HHa HC
CJle,QyeMbiX o6pa3l.IOB e R,Qpax/6, 8E - HHTepaan ycpe,QHeH~t~R no 3Hep
rHH. 

<l>YHKU.HR R(E:E)Afl.R cneKTPOMeTpa no epeMeHH nponeTa o6bll!HO 
6J1H3Ka K $OpMe raycca. 0TMeTHM, liTO npH aHaJ1H3e CelleHHH nplo1-
XO,QJ.1TCR HMeTb ,qeno c npoH3Be,QeHVJeM R(E~ E) a(E'), 4TO nosso-
JlReT npoBO,QHTh O,QHOBpeMeHHYIO csepTKY no cneKTPY TeOilOBOrO ,QBH
meHHR TYina pacnpe,QeJ1eHJ.1R MaKcsenna H ¢YHKL1HH pa3peweHH.R raycca 
c cyMMi.1posaHHeM AHCnepcHI-1 6,2 =A\+ Afi. 
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0AH3KO npH aHafiH3e $yHK4~"'- nponycKaHHR aroro CAe118Tb Henb-
3R, T.K.· Ce4eHHe BXOAHT B K84eCTBe COMHO>KHTefiJic: E;1 nOK83aT.ellb 
3KcnoHeHTbl. TaKHM o6paaoM, p~~HHe 3aA84H norpe6haano .i:tBo~
Horo 4HcneHHoro HHTerpHpoaaH~.A-, ,·i.nO ycno>KHHllO anfopHrt;t". 

nocne aocnpoH3_BeAeHH.A ,qe_TanbHqH 3HepreTI44eCKoi1 aaB14CI4MOCTH 
nonHoro ce4eHHR c noMO~b~ nony4eHH~X S -MaTpH4H~X napaMerpOa 
MO>KHO nony4HT6 CP~AHee Ce4eHVIe VI 4JaKTOP~ ero pe30H8HCHOH C8MQ-
3KP8HVIPOBKVI 8 38BVICVIMOCTH OT TeMneparyp~ VI Ce4eHHR paa6a8ne
H~R I 41 

"2 
f u(T,u) du 

<u t (T)> u 
/4/ 

1 
<f c (i>-o, T)> = _..:._._ [ 

<u, (T)> /51 

AHAnH3 3KCnEPHMEHTA H PE3YnbTAT~ 
3Ha4eHH.A nponycKaHHH Tt(E,n)6~nH nony4eH~ AnR ron~HH o6paa-

4DB Pt>-239 a "HTepeane 0,0165-0,1084 RAep/6 Ha Hei'ITPOHHOM cneKT
poMerpe no epeMeHH nponera peaKTOpa H6P-30. nponerHaR 6aaa paa
HR118Cb 1000 M, paapeweHHe COCT8B11R110 70 HC/M, WHpHH8 K8H8118 

~ aHa11H3aropa - 32 MKC .' AereKropoM cnyJKl.1na 6arape.A 3He -c4eT4H
K08 C HH3KHM C06CTBeHH~M $OHOM, nepeMeHH~H BO BpeMeHH ~OH pe-
8KTOpa H3MepR11C.FI MeTOAOM pe30H8HCHbiX <J)HflbTPOB W B~414T8fiC.A. 

Paapa6oraHHaR HaMH nporpaMMa MHoroypOBHeBoro aHanHaa_ npeA
HaaHa4eHa AJlR. onpeAeneHHR peaoHaHCHbiX napaMerpoe Ha oc'Hoee 
3KcnepHMeHT811bHbiX AaHHbfX no nponycKaHHRM 4ep·ea paani-14Hble ron
~HHbl HCCJleAyeMbiX o6p8340B. napaMeTpbf, 1-lX OWK6KH H KOppe11R4HH 
no11y48~TCR MeTOAOM H8HMeHbWHX KB8AP8TOB C nOMO~b~ nporpaMMbl 
FUMILI 191 "3 6"6n.,oTeK" nporpaMM 63CM-6. 

0WH6KH 3KCnepHMeHT811bHbfX T04eK, HCn011b3yeMbfX 8 8H811H3e, 
06yCI10811eHbl; 8 OCHOBHOM, cr·an'ICTHKOH OTC4eTOB H norpeWHOCTbiO 
a y4ere nepeMeHHOro ~aHa. 

Ha PHC. 1 noKa3aHbf 3Ha4eHHR 3KcnepHMeHranbHbfX ro4eK nponycKa
HHR /rpeyronbHHKH/ C OWH6KaMH npH TOll~HHe HCcneAyeMOrO ofipaa-
48 O,OT65 RAep/6"' peayJlbTaT MHoroypoaHeaoH noA'roHKH nponycKa
HHR 8 o6naCTH 4-50 38. CpeAHee 3Ha4eHHe KpHTepHR x 2 Ha OAHY 
T04Ky nocne nOArOHKH HaXOAHTCR B npeAe!18X 0,5-1,5 AflR p83HbfX 
rpynn peaoHaHcos. 
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Pac.1. Pesyn:oTaT MHoroypoBHeBoH napaMeTpHsa~HH nporryc
~ IIPH TOJIHUiH€ o6pa3n;a 0,0165 RfJ.ep/6. 5 - 3KCII€pH
M€HTaJibHbl€ 3Ha'tleHHR C OIIIH6KaMH, HenpepblBHa:R KpHBaR :.... 
BOCcTaHOBneHHe BenH~HHhl nponycKaHHH no nonyqeHHbW 
napaMeTpaM. 

B Ta6n. 1 np~t~BeAeHbl napaMeTpbl wecTHaAu.ant peaoHaHcoa a pac
CMaTp~t~saeMoi:1 o6nacn1 3Heph.1~. 3Tvs napaMeTpbl 6biJ1l.1 no!ly4eHbl 
npVI 0AHOBP€M€HHO~ nOArOHK€ Ha 4€TblpeX TOJ1~V!Hax o6pa3U,OB! 0,0165, 
0,0379, 0,0658-H 0,1084 RAep/6. 

4 



Ta6nao:a 1 

PesoHaHcHbie rrapaMeTpoi rroJIHOro cet~eHHH 239 Pu 

fl. (aB) j)k (MaB) G. (MaB) H((M&B) 

7.86±o.004 44.s±0.1 0.4400:!:0.0020 -O.ol29±o.0012 
I0.944±o.009 87.5!:1.5 O.B?OIZO.OIOO 0~0207±o.007I 
II.902±o.009 33.¢0.1 0.455I±o.OIOO -O.OI34±o.0051 
I4.32a±ci.021 57.1:!:1.0 o.a>w:!:o.oo2? o.o069±o.o230 
14.655!:0.024 35.6:!:0.4 O. ??I-li±o.0021 -0. 0067±o. 0320 
15.46?:!:0.022 427.2:!:1.0 o.2B9a:!:o.oo23 -0.0092±o.0220 
17 .6?4±o.OO? 39.7±o.1 0 .£B43:!:o.002I -0.0063±o.0040 
22.240:!:0.021 5!.3:!:0.2 0.83IB±o.003I -O.OOBI±o.0066 
23.89I±o.03I 44.2:!:0.5 o.o275±o.oon 0. 0035±oi,l()(J32 
a>.233:!:0.022 4!.2:!:0.2 0.4512±o.0030 o.oon:to.oosa 
2? .25s±O. 040 24.3±o.2 0. 0396±o .0024 a.ooo3±o .oos2 
32.28s±0.031 BB.2±o.s o.o90o:!:o.oo25 -o. ooo?±o .ooso 
35.415±o.043 19.4:!:0.2 0.065s±o.0030 -o. ooo2±o. 0063 
4!. 3?a:!:o. 060 16.3:!:0.1 o.a806±o.oo12 O.OI93±o.0580 
44.424±o.052 26.o±o.r 1.3622±o.o5oo -O.OI5a:!:o.OI68 
4?.4BI±o.089 !36.3:!:0.? o.37Io±o.oow O.OI46±o.0298 

no.ny4eHHbre nap.aMeTpbl J-1. , ·ak , Hk Haxo,qRTCR a xopoweM cor.na-
CVH1 C peay.nbTaTaMVI pa6oT 1i,51, paCXO>KA€HVI:A He B-biXOART aa pSMKJ.1 
OW~601<, XOTR 8 60I1bWVIHCTBe HSXO,qRTCR HS BepXH€~ J.1X rpaHVI~e. 
04eH1<a napaMeTpa~k.no.nyYaeMaR np1o1 aHanHae ,qeTa.nbHoro xo,qa ce-
4eH1.114 aBTOpSMVI/3.5/, OTJ1J.14aeTCR 8 OTA€I1bHbiX p€30HSHCSX OT Ha-
CTOR~el4 ,qa>Ke no SHaKy, 

Ha pwc. 2 noKaaaHo nonHoe ceYeHVIe Pu-239,eoccTaHosneHHOe c 
noMO~biO no.ny.YeHHbrx HSMVI napaMeTpoe. 

Ha p1o1c,3 noKaaaHa TeMnepaTypHaR aasHCVIMOCTb /,qon.nepoecKoe 
ywV~peHI-1e/ peaoHaHcoe no.nHoro ce4eHI-1R np1o1 TeMnepaTypax 300, 
900, 2100 K. 

5 



s-, 
2000 

1600 

1600 

1400 

1200 
I 

1000 r 

::: ~ 
400 ~ 

! 

! I ! ~ 
i\ I 
I t 

1 

20:t~~~~~=b~~~~~~_L~~~~~~~~~~_J 
200 300 400 500 600 700 600 

1200 

1000 

BOO 

600 

n 
PHC. 2. floJIHOe Ce'lleHHe Pu-239 ·fB 6apHax/, BOCCTaHOBJieHHOe 
c noMouU,io MHoroyposaeBbiX n~paMeTpos /n. nponopn;H.oHaJihHO -1/v'E I. 

10·"1 11 0 11·6 12·2 12·0 

En 

PHc. 3. 3aBHCHMOCTh .PopMbi p.eao
aaacos IlOJIHOrO Ce'lleHHH OT TeM
nepaTyphl! aenpephlBHaR, KpHBaa -
T =300 K, TpeyronDHHKH - T = 
= 900 K. OKp)lli<HOCTH - T =21 00 K 
/ce'lleHHe B Oapaax, 3HeprHn B 
3B/. 

B ra6n.2 npHBeAeH~ cpeAHe
rpynnos~e nonH~e ce4eHHR H ~aK
rop~ HX peaoHaHCHOH caMd3KpaHH
poBKH 8 aaBHCHMOCTH OT Ce4eHHR 
paa6aeneHHR H TeMneparyp~ a HH
repsanax CHCTeM~ KOHCTaHT 
6HA6 14~CpaeHeHHe c peaynbrara
M~ pa6or 1B, 71noKaableaer, 4TO J.1c-
nonbaoeaHI1e MHoroyposHeBbiX na

paMeTpoe nonHero ce4eHHR Pu-239, nony4eHH~x H3 aHanHaa nponyc
KaHH~, no3BOn~eT nony4HTb 6onee T04H~e O~eHKH RAePH~X KOHCTaHT 
npH paanH4H~x TeMnepaTypax. 
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Ta6mu~a 2 

rpynnOB&Ie TIOJlHble Ce"LJ:eHIUI H .PaKTOpbi pe30HaHCHOfl 

CaM03KpaHHP0BKH, paCCl{HTaHHbie ITO MHOroypOBH€Bb~. 

napaMeTpaM 

.Iii 
rpynn E 

(aB) 

46.5-
19 21.5 

20 21.5-
IO.O 

21 I0.-
4.65 

3AKDI04EHHE 

T 

( K) 

300 

900 

0 IO 

o.217 o.23I o.297 o,5G5 o.904 

0.217 0.233 0.314 0.631 0.927 
2100 0.220 o.240 o.345 o,704 o.946 

300 

900 

2!00 

300 

900 

0.123 0.140 0.222 0.506 0.881 

0.123 0.139 0.226 0.550 0.905 

0.123 0.139 0.237 0.603 0.925 

0.247 0.258 0.309 0.527 0.883 
0.247 0.258. 0.3II 0.581 0.905 

2100 0.247 0.258 0.316 0.607 0.924 

<st> 
(6) 

63.9± 
2.3 

172.JZ 
6.5 

Ha OCHOBe MOA~¢H~HPOBaHHO~ M€TOAHKH nony4eH~ MHoroyposHeB~e 
pesoHaHCHbre napaMeTpbr nonHero ce4eHvtR nnyToHVtR-239 s o6nacn1 
3Heprvt~ HeHTPOHOB 4-50 3B. HcnonbaosaHvte M€TOAHKH aHanvtsa npo
nycKaHvtH Ha WHPOKOM HHTepeane TO!l~HH o6pa3~0B n0380flR€T nony-
4HTb 6onee HSA€mHY~ HH¢OpMa~H~ 06 3¢¢eKTaX Mempe30HSHCHOH HH
Tep¢epeH~HH, 4TO B€A€T K YT04H€HH~ ¢aKTOPOB pe30H8HCHOrO CSMQ-
3KpSHio1POBSHYIR 14 VIX 3SBHCVIMOCTH OT TeMnepaTypbl, KOTOpble Heo6-
X0At.1Mbl npvt pac4eTax peaKTopoe. 
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nony4eHHe HaH6onee nonHoH HH$opMa~HH o xapaKTepHCTHKax pe-30HaHcHoH CTpyKTyp~ Ce4eHHH B paMKSX AaHHOH MeTOAHKH 803MOmHO nyTeM· COBMeCTHOro aKaJ1113S COBOKynHOCTIII AaHHbfX no Ce4eHI1fiM, 
nponyCKaHHRM VI CaMOHHAHK8~HRM. 

B 3aKJ1~4eHHe aBTOPbf B~pama~T 6naroAaPHOCTb n.6.nHKellbHepy, A.A.flyKbFIHOBy 111 A.A. BaHbKosy sa nonesHble o6cY>KAeHVTR VT nocTORHHbrH HHTepec K pa60TE:. 
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