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BBEJ(EHI1E 

3a)J.al-Ja li3MepeHHR H 0U€HKH .lJ.aHHbiX ITO pe30H3.HCHbiM CelJeHHRM H30TO

llOB ypaHa 11 11JIYT0Hl1fl H cero;IJ,HR OCTaeTCR aKTYaJibHOif B CBR3H C pa3pa6or

I<OH HOBbiX THITOB peaKTOpOB, B llaCTHOCTH JiefKOBO,Il;HbiX peaKTOpOB C Bbi

COKO:i1 KoHnepc11ei1 c pe3oHaHCHhiM crreKrpoM HeH:rpOHOB. B o63ope HIIIH-
/1/ 

rypo , TIOCBflll~€HHOM CTarycy H,1.l,epHbiX ,IJ,aHHhiX )l;JIR llOlJ,OfiHblX pa3f~~O-

TOK, OTMCllaCTC.FI, liTO paCXO)f()J.eHIUl 8 O:QeHeHHbiX 3Hati€Hl'IRX CelleHHfi U, 
2 3

.D Pu , 240 
Pu ( B pe3oHaHCHOi1: o6nacn1.) H3 pa3JIHtJHhiX 6H6mioreK noKa npe

BbiJJJamr Hx MaKcHMaJibHO nonycntMhie norpemHocnL TaM >Ke c¢opMyJIH

posaHbi CoapeMeHHbiC Tpe6oaaHHH K TOliHOCTl1 ,ll.atiHbiX, HCOfiXO)J,HMbiX ,I],Jl.fl 

3Toro nma peaKropoa. 
Tiocne ITOlJTH COpOKaJieTHCfO l13YtiCHflfl CelJeHHH 1130TOTIOB ypaHa M ITJIY· 

TOH:Hfl Ka3aJIOCh, l!TO rpy,D;HO 06Hapy)KMTh B HMX HHt.ITO HOBOe. Q,nHRKO B pa-

60Te MaKmma 121 6hino coo6meHo o6 o6Hapy"'eHHH noqTH 200 HOBbiX pe-

30HaHcoa B ceqeHHH pa.n;HaUHOHHdrO 3axsara 238u. C BhiCOKHM pa3pemeaueM 

6hi.JlH BHOBb H3MepeHhl nponycKRHiffi Ha 235U, 238 U 11 239Pu /a/ AJI.fl KOP· 

peK.nipOBKH DL1eHeHHbiX iJ,aHHhiX B 6H6nHOTeKe ENDF /B- VI. 

rpynnoii COTPYil.HHKOB Ol1fll1, <!>311 .. l1A3 Ha HOB OM )l,eTeKTope 141 no

JIYlJ.eHhl pe3yJihTaTbl H3MepeHHi1 nponycKaHl1.FI H CaMOHHAUKai.J,HH peaKI.J,HH 

paJlHal\HOHHOrO 3aXBaTa 238U B o6naCTH 3HeprHii 0,465-200 K3B 
151 

ilpH aHaJIH3e 3THX .llaHHhiX a o6nacrH HIDKe nepsoro yposHR Heynpyroro 

pacceRHI1H MO:iKHO Hcnonh3osarh anpo6HposaHHLii1 no.n;xo.n. - Mo.nemipoaa· 

HHe Heil:T~OHHbiX ceqeHHfi MeTOL(OM MOHTe·Kaprro 11 COOTBeTCTBYIOill,He npO· 

rpaMMhi a-s/ . ,Il.na ucnonh3oaaHIDI 3Toro no.nxo.rr.a B o6nacru 6onee BbiCO· 

lCHX 3Hepnr(i, B yCJIOBHRX OTKpbiThiX I<:OHKypnpyiOill,HX KaHanOB Heynpyroro 

paeceHHHR, Heo6xo.UHMO 6hmo ero coorsercrsyromee pa3BHTHe. 

3a.n;aqefi Hacromuell pa6orhi JIBnf:lerca onl1CaHHe reopenwecKHX ocHos 

yt~era npou;ecca Heynpyroro pacceHHHH H HX peanx..maQHH npH Mo.n.enHposa

HMH pe30HaHCHOfi CTpyKrypbl ceqeHHll MeTO)J;OM MOHTe·Kapno Ha 3BM. 

Hau6onee lllHpOKoe pacnpocrpaHeHHe AJIH napaMeTpH3ai.J,HH HeHrpoHHhiX 

ceuwrmH nonyl!HJia R·MaTpHtiHaR cxeMa reopHH H.n;epHLIX pea.K.uHH. llpH Ma· 

JIOM tiHCJie OTKpbiTbiX Hepa.n;HaUHOHHbiX KRHRJIOB MOJKHO HCI10Jlb30BRTb 

m•6o o6myiO cjlopMyny MH R-MaTPHL1bi, nH6o npH6nmKeHHe . Paiixa- Mypa 
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(:rUlF.l yl.JeTa 6on1woro q11cna pa,ll,I'mUHOHHbiX KUHa.JioB). CJ-ITyau,MH ycno)KHH

eTCH, H:or.u.a rrp11 pacna.u.e coeraaHoro n.u.pa KpoMe KaHana ynpyror-o pacce
JIHI1H H O.UHOrO -·· lleTblp€X K8HaJIOB .u,erreHHH OTKpbiBa:EOTCH H KaH8JlbiHeynpy

roro pacceHHIDI. 

PaHr R-MarpHU:hi craHOBIITCH Henpl't:eMrreMo 6onbWl1M .UJlH peanM38.U,HH 

ee Ha 8BM. B 3THX yCJlOBHHX MO:IKHO HCTIOJlb80B8Th TO.TillKO npoCThl€ anarm

THq€CKO€ l1pH6Jil1:1K0Hllil CX€Mbl - Ol(HOypOBHeBO€ illU'.I MHOI"OypOBH€BO€ 

npH6JUl:IK€Hfifi J3pei.fTa - B:H:rHepa. 3aBHCHMOCTb Ceq€HHH peaKUHH OT 3H€p

rHH B OAHOypOBH€BOM npH6JIH)f(€HHH Bblp8:1Ka€TCH Liepe:3 napaM€Tpbi: 

(1) 

1',1],€ k -- BOJlHOBO€ qHCJlO BXO,ll,HOrO Ka.Hana; g(J) -- CT8THCTHll€CKHti ¢aK

TOpj Jtr ·- CTIHH 11 lleTHOCTb COCT8BHOrO .FI,ll,paj A -- M.HA,€KC KB83HCTaUHOI-iUp

HhiX ypoBHell cocraBHoro .FI,o;pa; rl:' r~~77 , r,\Jrr -I.UHpHHbi: He:H:TporiHaR, npo·· 
uecca a H TIOJIHaR; \}J - AOTIJI€pOBCK8H cjJyHKUH.fl, 38BHCHI.IJ;a.H OT apryMeHTOB 

X A~ 2(E - E \) /[,\ " ~- \ = r\ /21\; 6 - ):(OWJepoBCI<aB lllllJlHHa; E \ - 3Hep
rHH pe30Hanca. 

B miTepecyiDI.IJ;eM Hac cnyqae Heyrrpyroro pacceHHI'lfl no.n BCJII'llll'.IHOH 

lllHpHHbl rl;( IlOHHMaeTCJI cyMMa UIHpHH B BbiXO.D;HhiX Ka.Hanax in§£' j' I 
,ll;JlH KOMllayH)l-COCTOJIHHfl ,\(J 1r), T;:J;C ,8 -· HH,U,CKC B036y:>.K,l.J;eHHbiX ypODHei1 

H,o;pa-MHUleJ·IH, Jie)f(aiUHX HM)J(€ 3:H:epnm: E , .ri.JI.FI 

I (3 11 1.J€THOCTH n(3 ct~lframrcn H3BCCTHhiMH; E' 
-> ~ 

HocmemHoro ):(BHlKeH>m; j '((3) ~ 1 Yz + I (31 
c B036y:>.K,JJ.CHHCM YPOBHH {3. 

I<:orophix 3HeprHH E.a, cnnHhi 

- op6HTa.JlbHhU1: MOMCHT OT-

- cnHH Heynpyroro I<:aHana 

,llnf:l O,UHOrO BXOAHOrO HeihpOHHOrO KaHana M0)K€T 6hiTb OTKpbiTO 

MHOJK€CTBO Bl>IXO)l;HbiX. J1x KOJI11ll€CTBO orpaHWH"ffiaeTCH rrpaBHJiaMH OT60pa 

KBBRTOBhiX q11cen, Tpe6yiOW.HX COXpaH€HIDI TIOJlHOrO MOMHHTa 11 tJeTHOCTH 

B I.\€llOtJKC "BXO)J.HOti KaHan- COCTaBHO€ H,ll,pO- BbiXO.llHOi1:ImHarr": 

-t -t ·,) -.) ... .., ... 

e +lo + Yz ~ J = 1' ->1(3+ 'h. (2a) 

1 1' 
rr0(-1) =rr = rr(3(-l) (26) 

Tor.ua cyMMapHym uuipHHY Heynpyroro pacceHHHR f)_~~ (E) MO:IKHo Bbipa-

3HTb ra1c 

( 3) 

r):(e r~:(E - E (J) - lllllp!iHa rreynpyroro pacceBHHH c B036y~<):(eH!1eM YJlOl3-
HBE(3. 
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rioCKOJibKY npouecc neynpyroro pacCCHHHR s TH:IKCJibiX H.upax npoH.cxo

.D.HT B o6naCTH :mepn1i1 BI,JWC H€CKOJ1hKHX K3B, KOTOpaR HBJIR€TCR 06JiaCTbiO 

nepa3perneHHbiX pe3onancos, To cpe.uniOIO wHpHHy f~J" Mo:tKHo Bbipa3HTb 

4€Pf':":l npHB€JJ;eHJ-Tbl€ Hei1TpOHHbi€ CHJIOBbi€ ¢YHKUHH S~p~= ~P~" ;i)J": 

(4) 

r.ue "(~"" l~- E/3- ::mepnm neynpyro pacceRnnoro nel::J:Tpmm; vf' ''"" Pr, /k'a -

QlaKTOP uenTpo6e)I(Hoi1 nponHuaeMOCTH E'r, ; k' - sonnosoe tJHcno Bhrxo.u

noro KaHana; a - pa.D.Hyc Kanana; D J1T- cpe.unee paccTORHHe M€:>K.D.Y 

ypOBHHMH COCTaBHOI'O R.Upa B COCTORHHH Jrr. 

TaKHM o6pa3oM, 6om.mHHCTBO napaMeTpos, n03BOJJRIOll.U1X napaMeT·· 

pH30BaTL pe30I-IaHChi s Kananax neynpyroro pacceHHHH, MoryT 6biT~ nony-

4€Hbr npHMO. O.unaKo 3Hanne TOJibKO senwun-Ihi cpe.llHeH umpHHbl I~~" ne

AOCTaT04Ho )l.JlH npaKTWlCCKHX IJ,€JI€fi (BbllJHCJI€HH€ ¢YHKUHOHaJIOB C€lJ€

HHi1), neo6xo.UHMO H 3a.UanHe 3aKona pacnpe,JJ,eneHHH mHpmr 1-).~"!. B o6uLeM 

CJiytJ.ae TaKHM 33KOHOM .FIBJIH€TCH o6o6m€HHO€ pacnpe,Il,€JI€lU1€ flopTepa -·

TOMaCa c HepasnhiMH BKJia.D.aMH KaHanos 191 , npwmM AOJDKHLI 6biTb onpe

.IJ.CJI~~Hbi K3K umpHHbl B Ka)l()l,OM KaHane, TaK H lJHCJIO H€38BHCHMbiX KaHa

JIOB (lmcno cTerreneH: cso6o.IJ.bi). 06ocnosaHHhiH Bhi6op HnH pactJer scex 

3Tl1X B€JIHlJHH D03BOJIH€T peWHTb 3aT€M 3a,ual£y Bbll£HCJI€HHH ¢JyHKUHOH3-

JlOB CelleHHfi (cp€.UHI1X TIO 3HeprCTl1ll€CKOMy HHTepsaJiy CetieHHi1 <a>, clJyHK· 

UHt'J nporrycKaHHH- CaMOHH.D.HKaiJ,HH, MOM€HTOB M r.n.). 

2. OCOBEHHOCTI1 PAC4ETHOrO METOJlA 

06w,aa CXeMa no,n;xo.n.a K paCliCTY ¢YHKUHOHaJIOB HCJ1TpOHHbiX C€li€

HHti B o6naCTH Hepa3pellleHHblX p€30Ha.HCOB MCTO.UOM MOHTe-Kapno H3J10-

)K€Ha a 171, nporpaMMLI, peaiiH3yJOII.I.He ero, onHcaHhi n 181 . HosbiM MOM€H

TOM CTaJIO BKJI10li€HH.€ B Ha6op uporpaMM MO,D,yneii DO pacqery KBaHTOBblX 

liHcen 11 npaBHn or6opa (qJopMyJILI (2)), pacqery npormuaeMocrefi a Bhrxo.u

HhiX HeynpyrHx KaHanax ve, H cpe.II.HHX WHpi1H 3THX Kananos I~~ .. ". B npo

rpaMMY pacqeTa ceqeHJ<ii no tjlopMyrraM BHII.a (1) 6hiJI uo6asneH 6noK pac

lf€Ta wHpHH reHepHpyeMbiX nces.uope3onaucos no o6o6mennoMy pacnpeAe

JICIHIID Tioprepa -- ToMaca c pa3HhiMH nKnauaMH KaHanos MeronoM MonTe· 

KapJto. B Mo.n.ynH, pacctiHTbiBaiOI.IJ;He xapaKrepHCTHKH crpyKTyphi, 6hiJIH no-

6aBJI€Hhi COOTBeTCTByiOlUHe B€JIHlJHHbi,D,JlH Heynpyroro paCC€HHHfl. 
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3. TIPOBEPKA METO)..(l1Kl1 11 TIPOfPAMM 

Pe3yJihT3Thi pa6oThi nporpaMMbi 181 (6e3 ytJera Heynpyroro pacceHHHFI) 
pa.H€€ cpaBHI1BaJUlCh C L1,3HHbiMH, I10JJYlJ€HHbiMH npH HCrlOJ1h30B3HHH M(~)J<,D,y
HapO,!l,HhiX recTOS H .UpyrHX MCTOLI,HK I lOI . .6LIJ10 I10K33UHO OI.J€Hh XOpOW€€ 
cornacHe pe3yJJhTaroa, nonylfaCMLIX no pa3HhiM MeTOLI,HKaM. YcrreuiHan 
pa6ora ycoaepweHcTBOBaHHOI1 nporpaMMLI raK)f(e 6Lma npo.U.eMoncrpHposa
Ha B 3THX TOlJICaX, XOTR OHH HMCIOT ::meprHH 2 11 4 K3B, )J;JIH KOTOpbiX B 2 ·18U HCynpynJ€ K3Ha.J1J_,J 33KpLITbl. 

3aTCM paCClJHT3HHbi€ H3MH 3H3lJ€1-UHI Cp€)J.HHX C€lf€F-1Hi1 11 Q.JyHKI..I,HI1 
nporryCKaHHFI - C3MOHH,D,HK3I.J;Hl1 JJ.JIH 

23Bu B 06JiaCTH 46,5 - 100 l<:3B ITO 
napaMCTpaM OQ€HKJ!ll/ COITOCT3BJ1HJJI1Cb C a.H3JIOrH4HhlMH paClJCTaMH ITO I 121 MCTO)J;HK€ . PaCXO)K)],CHHfl B cpC.D,HHX CCtiCHlUIX H€ IIp€BbllllaJJH 0,5%, 
E ci:lyHKIJ;HHX nporrycKaHHH 1-18 MaKCHMaJibHOI1 TOJIII.J)..fH€ 0,.3 .A:J.1.€p/6 - H€ 
6onee 2-3%. 

MDr rrposenH pacqeThi Hei1TpoHHhrx AaHHhiX Ann 
238

U a ycnoBH~x. B 
KOTOpbiX OHH H3M€P.fiJ1HCb Ha 6ycTepe MEP-30 151 . no cpe,n;HHM p€30Hai·IC-/lfl 238 HbiM napaMeTpaM ,l],JIH U 6hiJJH paCClJ.HTaHbl cpyHKU:HH nporryCKaHH.fl 
H€i1TpOHOB T(n) H caMOHHJ.l.HKau;HH peaJ(U:HH pa,n,HaU:HOHHoro 3aXBaTa T yCn) 
B 3aBHCHMOCTH OT TOJU.UHHbi o6pa3U:a n ,J;JIH HHTepBaJIOB 3HepnrH: 46,5-100 H 
100-200 K3B. CpaaHeHHe pact.J.eTHbiX H 3-r:cnepHMeHTaiihHhiX aenwmH npHse
;:::~;eHo B Ta6nHu;e H noKa3aHO Ha pHcynKe. BHJl.HO, liTO a QJyHin.J;HHX T(n) pac
XO)J()l€HHH He rrpesbilllaiOT - 5% H neiKaT a rrpe;:::~;enax norpelllHOCTeH 3Kcne
pnMeHTa. )..(rrH <I>YHKL\HM Ty(n) pacxolK.!IeHHH Ha TOJJ111HHe 0,306 HJlep/6 
,llOCTI1TaiOT 30-40%, O,lJ,HaKO TaK/K€ H€ BbiXO.O.HT 3a IIp€)l€Jlbl 3KCrrepHM€HTaJ1h· 
HhiX rrorpeWHOCTeJ.1:. 

3AKJ1!04EHJ.1E 

PacnpocTpa.HeHHe nOJJ.XOLI.a Mo,IJ;enHposaHHH pe3oHaHCI-IO:ti crpyKTyphr 
C€t.I€HHfl Ha KaHaJibi Heyrrpyroro pacceHHHH H€J1Tp0HOB Ha OCHOB€ CTpOrl1X 
T€0peTHt.I€CKHX OpH6JJHiK€HMi:f 110380JIHJ10 KOppeKTHO yt.IeCTb KOHKyp€1-IQHIO 
scex KamUioB Bhiwe nopora Heynpyroro pacceRHHH. PeaJIH3au;HH 3Toro no.a.
xo;:::~;a Ha 3BM ll03BOJIH€T llpoBO.D,HTh aHaJJH3 3KC11€PHM€HTOB ITO CTpyKType 
C€lJ.€HHJ.i t.IeTHO-lJ.€THb1X H.U€p B 06JiaCTH 3H€prHi1 ,ll;O 0,5 M3B, B€CTH Ha OCHOB€ 
TaKOfO aHaJJH3a llO.[(fOHKY CpMHHX p€30HaHCHbiX napaM€Tpob, paCC4HTbiBaTh 
KOHCTaHTbl ,ll;JIH nepcneKTHBHbiX H.[(epHbiX peaKTOpOB. TipH.MeH€1-IH€ On11-
CaHHOf0 ITO.UXO.Ua )JJIR paC4€TOB C€tJ€HHJ1 ,ll;€JIHlUHXC.fl tJeTHO·H€tJeTHbiX H.u,ep 
noxa H€ M0)K€T 6biTh peKOM€1-I~O_!)aHO, TaK KaK OHH HM€IOT B 3TOJ1 OfiJiaCTH 
BblCOKYIO ITJIOTHOCTb ypOBHei1 f·/D -1, a ,[J,JJH yqera rrepeKpbiB310ll.ll1XCH p€30-
HaHCOB OJJ,Hoyposueaoe npH6JIH)KeHHe Epe:tiTa - B11ruepa HCITOJih30BaTb He
nonycTHMO. )laJJhH€i1:11Jee pa3BHTHe fiO.UXO,Ua H€06XO.[(HMO HM€HHO B HanpaB
JJeHHH CTpororo yt~eTa nepexphiTHR yposHeH:. 
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Ta6nHua 

CpaBHCHHe 3KcnepHMeHTanbHNX H pac~eTu~x 3Ha~eHHH 

$YHKUHH nponycKaHHR H C3MOHHnHK3UHH peaKUHK panHaUHOHHOro 33XB3T3 238U 

Nrp (MM) 1 2 4 8 16 32 64 

Erp (K3B) n (<6-l) 4,78 9,58 19,0 38,0 76,4 1 53 306 

E +0,961 0,887 0,812 .e. 0,668 + 0,456 0,209 0,045 

-0,009 !o,o1o !:o,o1o ~0,010 -0,010 :!:o,o1o :!:o,oos 

T c 0,948 0,897 0,8096 0,657 0,435 0,198 0,045 

N 8 D 1 '37 -1 '11 2,96 1,67 4,82 5,77 0' 11 

100-200 E 
0,959 +0,901 0,830 0,666 0,446 0,219 0,050 

!0,010 -0,012 :!:o,o1s !o,01S !o,o1o !o,ozs !o,o15 

Ty c 0,945 0,893 

"' 
0.,.799 0,64 0,413 0,179 0,0375 

D 1 ,48 0,89 3,88 4,06 7,99 22,3 33,3 

E 0,939 
!o,oog 

0,836 
!o,012 

0,757 
!o,oi6 

0,644 
!o,o12 

0,395 
!0,010 

0' 16 2 
!o,o2o 

0,0358 
!o,oo4 

T c 0,941 0,866 0,787 0,6225 0,393 0,164 0,0331 

N 9 
]) -0,21 -5,64 -3,8i 3,45 0,51 -1 '22 8,16 

E 
0,941 +0,901 0,804 +0,635 0,424 0,186 + 0. 0 36 

46,5-100 !o,o1o ~0,012 !o,oto -0,016 !o,o11 !:o,oz5 -0,012 

Ty c o.936 0,877 0,771 0,598 o, 363 0,142 0,0255 

D 0,53 2,74 4,28 6,19 16 ,8 30,9 41 '2 

E - 9KcnepHMeHTanba~e 3Ha~eBH~; C - pac~eTH~e 3HaqeHHH; 

] - pacxoQeHHe (E-C)/C 1\. 
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