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OBIIIMI XAPAKTEPllCTllKA PABOTbl 

AKTYaJihHOCTh rrpo6neMbl . 

llMeIOIUIIMCJI OllbIT H llpOBO.llIIMble IICCJienosaHHJI IIOKaJbIBaIOT, 'ITO KoppeKTHblii nporHOJ 

J>alBIITilll JHepreTIIKII (B TOM 'IIICJie II Jl.llepHoii) - 3a_uaqa .IICKJIIO'IIITeJihHO IIHTepec11aJ1, HO 

11 TPY.llHaJI. Harrprn1ep, msecTno. 'ITO rrporHoJbl Macnna6os pa1B1ITIIJ1 518 CIIIA B 2000 r., 

BbIIIOJIHeHHble a 1972 II 1980 rr., OT JIH'IalOTCll OOJiee '!eM a meCTb pal.· 

H3Me11eH11e cTpyKTYPbI ,HepreTl!Kn, KaK n snenpeH'u€? B Hee HOBbIX TeXHil<IecKnx peme1111fi: 

KpyrrHoro MacmTa6a, MaKCl!MaJihHO 3aTpynHeHO. OT_Ha'!aJia pa3pa6oTKII TeXHH'IeCKOll HJleH 

(KOHCTPYKIIHH) no Ha<iaJia BHenpeHIIJI He Menee 10 JieT, CTpOHTeJibCTBO 5-10 JieT, JKCIIJiyaTa

Ul!ll - :30-40 JieT 11 6onee. 

Corrrarno ouenKe 3KcrrepTOB .MHP8K K 2020 r. opraHl!<IecKoe TOIIJIHBO CMO:lKeT ynoBJieTBO-

- pHTh TOJibKO '!aCTh (50%) MIIpoBb!X 3HeprorroTpe6HOCTeii 6ynymero. OcTaJibHYIO IIOJIOBHHY 

3HeprorroTpe6HocTeii Heo6XO.llHMO o6ecrre'IHTh 3a C'IeT pa3BHTHJI npyrIIX HCTO'IHHKOB 3Heprnu. 

IlocJie.l(HHe pe3yJibTaTbI ll3y'IeHIIJl IIOTeHUHaJihHbIX B03MO:lKHOCTell B0306HOBJIJleMbIX HC

TO'IHHKOB ,Hepruu· (aona, 6uora3, n:peaecI1Ha, coJIHe'IHall u reoTepMaJihHaJI ,Heprnll, BeTep 

II T.rr.) IIOKa3aJill, 'ITO cyMMapHa.K IIX MOIUHOCTh MO:lKeT 6bITh 1-2 TBT ron/ron, a IIOJIHbl~ 

B03MO:lKHOCTll 3TIIX IICTO'IHIIKOB, IIO-BHJlllMOMY, He rrpeBbIIIIaJOT 6-8 TBT ron/ron.. HecMOTpll 

Ha 3Ha'Il!TeJibHOCTl, 3TIIX IIOKa3aTeJieii:, OHII He 6ynyT yn;oBJieTBOpllTb aep0llTHbIM 6ynyIUIIM 

rroTpe6HocTJIM B 3HeprIIII, oueHIIBaeMbIM B 20-35TBT ron/ron, II03TOMY o6ecrre<IeHI1e qerro

Be<IecTBa 3HeprI1ell TOJihKO 3a C'IeT B0300HOBJIJleMbIX IICTO'IHIIKOB HeB03MO:lKHO, HeCMOTpll Ha 

TeopeTI1'IecKy10 HeIIC'IeprraeMOCTb IIOCJieJJ.HIIX. K CO:lKaJieHIIJO, KOJIIl'IecTBeHHO BKJian B 3Hepre

THKY B0306HOBJIJleMbIX HCTO'IHIIKOB ,Heprnn He Mo:lKeT 6bITh orrpeneneH nocTaTO'IHo TO'!Ho Ha 

COBpeMeHHOM ypoBHe HallIIIX 3HaHHM, TaK KaK Heorrpen:eneHHOCTb CTOIIMOCTHblX 1IOKa3aTerreft 

COOTBeTCTBJIOIIUIX TeXHOJiornii CJIHIIIKOM BeJIIIKa. IlooTOMy B03MO:lKHoe 3Ha'IeHne B0306HOBJIJl

eMbIX ncro<IHHKOB 3Heprnn - OTKpbITblH aorrpoc JlJill 6orree o6mnx HCCJie.llOBaHHii:. PemeHne 

3HepreTI1'IeCKHX rrpo6rreM 'IeJIOBe'!eCTBa B03MO:lKHO Ha OCHOBe pa3BHTHJI l[JlepHoii: 3HepreTHKH. 

AHaJIH3 OTe'leCTBeHHOro H 3apy6e:lKHOro OIIblTa pa3BHTIIJI 513 II03BOJIJleT KpaTKO c.pop

MyrrnpoBaTb OCHOBHble TexHHK0-3KOHOMH'!eCKHe rrpo6rreMbl, B03HHKIIIHe Ha IIJTH JlaJihHeiime

ro pa3BHTI1ll 513. Ilpn 3TOM cTaHOBHTCll o<IeBHJlHOH Heo6xonIIMOCTh o6J11aTeJibHoro pemeHilll 

Tpex llpHHl1HIIHaJihHbIX upo6JieM pa3BHTIIJI 513: · • 

TOIIJIIIBHOH, orrpenenllIOIUeii: B03MO:lKHOCTb IIII1pOKOMacmTa6Horo pa3BllTHJl 513; 

rrpo6rreMbl 6eJOrracHOCTII A3C n 513 B nenoM ( c yqeroM 51TU n rrpo6neMbI pacrrpocTpa

HeHHll l[JlepHoro MaTepnaJia); 

3KOJiorn'IeCKOH rrpo6JieMbl ( B TOM 'IIICJie C yqeTOM rrpo6rreMbl JaxopoHeHHJI BbICOKOTOKCil'I-

HbIX TOilJIHBHbIX OTXO.llOB). . 

ECJIII pellieHUe TOIIJIHBHOII rrpo6neMbl orrpen;eJIJleT IIpI1HJ:1H1IIlaJibHO B03MO:lKHble MaCIIITa6bl 

pa3BHTIIJI 513, TO pemeHne OCTaJihHblX 3a.l(a'I Ollpe.D;eJIJleT peaJIH3JeMOCTb 3TOH 1IOTeHII11aJlhHOH 

B03MO:lKHOCTH B BH.lle cymecTBeHHOH '!aCTH T3B 6yn.ymeii 3HepreTHKH. • 

Henb3JI He OTMeTHTh 'Ipe3Bbl'Iaiino Ba:lKHYJO orracHOCTb cospeMeHHOro 3Taria 1IpoMbIIIIJieH

HOI"O pa3BHTHJI Ha.men !1IIBIIJIH3annn - KOHJ:1eHTpanI110 orpoMHblX 3HepreTn'IecKIIX MOIUHOCTeH, 

3Ha'Il!TeJibHbIX KOJIIl'IeCTB IIOTeHl1HaJibH0 orraCHOH 3Heprnn (xnMU'IeCKOll, PilJlllOaKTIIBHOH II 

T.Jl.) Ha .poae He.D;OCTaTO'IHOii: opraHnJanun, TexHOJIOrll'IeCKOH JlllCIIIIIIJIIIHbl, OTBeTCTBeHHOCTH 

, 11 KBaJIH4>I1Kann11 3J(crrrryaTannoHHoro rrepCOHaJia. rnaBHaJI orracHOCTh He a·pa3BHTHll ll.llepHoii: 
l . . 

p:· t_~}' 

. ~t..:~t:~J:JL:~. 
· L,_~}~rt::SJiI}CJ 
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llenL u ~a'IB HCCJieJ!OBaHBI 

)lenLIO ,l(BccepTanHOHHOH pa6oTLI IIIJI.leTCI C03,!lamle H pa.3BHTHe MaTeMaTII'lecKIIX'M<>.!le

JJeH .ltJlll OIIHC&HBll ycTaHOBOK c lli;ecTKHM HeHTpoBHLIM CIIeKTpoM (0BY, MKrP, I'T51P). 

~aqu uccne,noBaHH.1 cf>opMyimpyIOTCI CJ!eJzy!OIIUIM o6pa.30M. 

1. IlocTpouTL M&TeMaTuTiecKyIO M<>.!leJIL YCT&HOBBBmerocI H nepex<>.!lHOl'O nepuo.nos_pa.3-· 

BBTHI .113 H Ha OCHOBe aiianu3& 3KOHOMB'leQBX H .II.QeJ)H0-4>HlH'IeCKBX xap&KTepHCTH!'. 

3jfY on?ffleJIHTL B03MOlKHoe ux Mecro • B0. XXI B • .' 

2. IlocTpoHTL u uccne.nosaTL MQQeJIL 3BY Ha oiHoBe HaKOIIHTeJII .neii-rpoHOB. Hl~TL 

pa.3JIH'IHble ( l'a.30Bble, lKB)lKlle II Tll!lep.llble) MBmeHB H B03MOlKHOCTL 1'&3<>.!lBHaMBTiecKoro 

"3anupaHHI" OKHa MilllleHH 6e3 HCIIOJIL30B&Hll.l pa.3.IteJillIOineii crenim, . 

3. IlposecTH cpa1111HTeJILHHii ananul B03MOJKHocreii MKrP B ypanoBQM u ropueBOM ron

JIHBHHx JJ?Il'Jiax u onpe.nennTL B03MOJKHOCTH BKJIIOTieHu.1 MKrP B CTPYKTYPY 513, no

JiyTiu11 ,imep11<>-4>Hlll'IeCKHe xapaKTepHCTBKH \meKTpoll.llepHOl'O KaHana C ypaHOBblM H 

. ropueBblM TOIIJIHBOM. 

4. Co3,!laTL pacTieTHYIO M<>.!leJIL .llJII Bbl'IHCJieHHI ceqenuii CMemeHB.1 u pa.3BHTL M<>.!leJIH 

ll.llepHblX pe&KIUID npu 3HepmIX Bblme 10 M3B • 

5. Pa3pa6oTP,TL KOMilJleKCbl nporpaMM, Il03BOJIJIIOmux Bbl'IHCJIJITL ceqeHHll H ceTieHHll CMe

meHHll .ztnll ll.llepHblX peaKilHB DpH llblCOKHX 3Hepl'HllX, p&eC'IHTblB&Tb H30TOHHblH COCTaB 

H &KTHBHOCTL MarepnaJIOB, o6JiyqaeMblX 'I&CTHilaMn npOH3BOJILHOI'O CIIeKTpa • 

6. Ha OCHOBe pa.3p800T&HHblX nporp&MMHblX KOMnJieKCOB C03.ztaTL 6u6JIHOTeKH .llJ!ll HCCJie

.ItOBallllll pa.nuanuoHHoii noBpelK,llaeMOCTH, &KTllBanHll ll TpaHCMyTanHH MarepuanoB, o6-
. ,JIY'!&eMblX 'I&CTHil&MH BblCOKHX 3Hepruii • 

HayTIH&ll HOBH3Ha 

-\ - . -. ~· 
' 1. Co3,n&Hnble npn yTiaCTllH aBropa

1
MareMaTH'IecK11e MO.IteJill nepexo.nHoro u JcTauOBHBme

rocll 3T&Il0B pa.3BllTllll -513 no3B0JlllJIJI cpaBHHTL'pa3pa6aTblB&eMble 351Y/u onpe,neJIHTL 

ycnoBHll, npn KOTOpHx oHn MoryT ~nucLiB&TLCll n on_THManLHYIO CTPYKTYPY 513. __ 

-· \ 
2. IloKMaHa B03MOlKHOCTL noJiyTieHllll B 'paccMoTpeHHOH .neiiTpoHHOH ycT&HOBKe nJIOTHO-

creii HeiiTpOHHblX noTOKOB .no 1016 
,.,.t,';._:•_Il&Ho OOOCHOB&Hlle l'a.3<>.!lllHaMHTiecKOl'O ".3&-· 

nnp&Hllll" OKHa .llJ!ll BB<>.!la nyqKa .n~li'l'POOOB B t.mmeHL, no3BOJIJIIOmee OTKa.3&TLCll OT 

CTeHKll, .OT.zteJI!IIOineH BaKyyMHYIO KaM~py JCKOpllTeJIJI OT KaMepbl MHfil;Hll. 

3. Hcxo.nll Bl aHan113a pe1yJILTaTOB ·pac:eTa 3JieKTPOll.llepnoro 6JI&HKeTa H 6J!&HJS,~..OIH

Te3a ropa, 6blJIO onp~eJielIO, TITO npll .!tOCTHlKHMOM Ha cel'Ql!III 'IHCJie aK'l:0--.!_, ru~~ 
HHHilHHpoB&HilblX O.!t!JHM MIOOHOM (X = 150 ± 24), HcnOJIL30BaHHe MK(-f B "fopue

BOM UHKJie H~')(j$eK'i'ttB~O no cpaBHeHHIO C yp&HOBblM, 0.ItHaKO B03MOlKHl\-opraHH3aQllll 

COBMeCTHOl'O ypaH-TOpHel'Oro QHKJ!a MKrP, B KOTOpoM ypanOBblH 6.'laHKeT Jn11Te3aTo

pa IIOKpblBaeT 3Hepro:mtpaTbl Ha npOH3BO.ItCTBO MIOOHOB, a 3JieKTpoll.ItepHblll TOpHeBblH 

6Jia:HKeT opue11-rupyeTcJ1 Ha npoH3BO.ItCTBO U. 

I 
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I. Pa 1p~fx>1 a11111,1•• i.:011n.1ei.;c1,1 11porpa~1~1 DID.H'S II S\T 1101so.111.m Bll<'()Rhl<' JUll flllJla 

).;OIi(' I l',\'J.;UIJOHHLIX Ma1ep11a.lOR 81,l'IIIC:(IITI, 11yi.;:JOIIHble ('{''l<'llllll 0l<'IU<'llllll. Heii1 poH-

111,11· n''lf'Hllll o6pa10RaH1lll re;111J1. BOJlOpOJla: JlO.ll'OiKIIBYUUIX pa.rmoai.; rnBHblX 1130!0110B 

R 06:1acn1 ~Heprm1 01 IO :\hH .no 10 f)l3. Pa1s11111e nosoro 110.nxo11a K paP1e1y 11peJl

pan110BecHL1X ('Jl('KTJ>oB con aBHblX 'larn1u. o6pa·iyk>IUIIX('l[ B ll.ll<'pllblX Jll'aKUllllX, OCHO

eam10ro Ha ru6pn.ztHOII )KCIITOHHoii II Koa."lecue111HOJI ~IOJl('.lllX. 110180:lll.10 Bbl'IIIC.ITHTh 

('IIf'KTflbl O .. 'lacn,u 8 peaKUllllX no.n .neiiCTBHeM' He1'irpoH08 II II(>OTOHOB. 110."IY'IIITh 

110,"IY)llUllflll'If'CKlle 4>opl1y.1L1 .It,"lll pac'lel a BblXo.na TflllTOHOB; 3 Hf II O 'l~\'TIIU B He11' 

TflOHHblX II IIJ>OTOHHLIX peaKUHllX Ha CTaGll."lbHLIX II uecra611.11,HL1X llJlpax (' aTOMHblM\ 

HOllepOM Z = 6 + 8:3. 
/ 

5. ('01.naHbl 6116."IUOTei-.n: 6MC'EP:\I (BM6:1110TeKa ('E'le1111ii .ll.lll Pa.n11auno1rnoro ~larep11-

a."1ose.neH11ll), co.nep;KaIUall no.1y,1eHHble Hf'IITJ>OHHbl<' II IIJ>OTOHHblf' ('(''lf'llllll JlJill pac'leTa 

IIOBpeiK.zta10me11 .ItOll,l (reqeHllll CMelU<'Hllll). ('(''Jf>Hllll o6pa10eaH1Ill so.nopo.na II re.ITHll .!tJill 

190 113ornnos or Al .no Bi. 6116.rr110TeKa BK.lIO'laer 11u4>opMau1110 o6 yKalaHHblX ceqe

HHllX oT 10 .no 1000 l\hB. MENDL (Medium En<'rgy Xudear Data Library) co.neplKHT 

paC'IHTaHHble II oueHeHHble ( C Y'-l<'TOM ')K('Jl('J}HMf'HTa.'lbHblX .naHHLIX) ceiieHl!ll peaKUIIii, 

npoTeKalOIUHX llflll )H<'J>rI!llX OT 1 .no 100 ~hB ,n.'lll -19i CTa6H.'ILHblX u HecTa61IJILHLIX 

ll.llep c nepuo.noM noJiypacna.na I cyTKII n arm,1Hh111,1 HOMepoM OT 1:3 .no 83. WIND (Waste 

Incineration Nuclear Data) co.neplKHT ceqe1111J1 HeHTpOHHLIX H npoTOHHLIX peaKUHii (11, 
.m YP zo); (p • • m YP za) II ce'-1eHl!ll Jl('J[eH11ll JlJlll i,10-ronos ypaHa, HenTyHHll, IIJIYTOHllll 

npu )Heprnllx .no 100 l\hB. 

Hay'-IH&ll H npaKTH'If'C'KaH U<'HHOCTL 

1. 06ocHoBaHHblii cnoco6 ra10,n11HaMH'!eCKoro "3anupaHHll~ OKHa MHIIIeHH nolBOJilleT, c O.ll

Hoii CTOp0Hbl, yseJIH'IllTL 1<1>4>eKTHBHOCTL HeiiTpOHHOl'O reHepaTopa 1a cqeT ycTpaHeHHll 

Heo6xo.nnMOCTH ero 
0

peryJillpHoii oCTaHOBKH npu ~aMeHax CTeHK~. OT.zteJillIOmeii BaKyyM

HyIO KaMepy ycKopHTeJill OT MHmeHH, C .npyroft CTOpoHbl, npu OTCYTCTBHH TaKoH CTeHKll 

3Ha'IHTeJILHO CHH3HTL )Hepro3aTpaTbl Ha OTKa'IKY ra3a ~3 BaKYYMHOH KaMepbl. 

2. Pa1pa6oraHHblH pacTieTHblH MeT<>.!l, peanH30BaH11L1ii B B11.zte KOMnJieKcoB 3BM - npo-

. rpaMM, _Mo:iKeT ucnOJIL30BitTLCll npu pemeHHH saJKHblX .ztJill HayKH u npaKTHKH 3aJllt'I 

no onpe.neJieHHIO CKopocreii HaKonJieHHJI noBpeJK.Ita10meii Jl03LI, CKopocreii o6pa10sa

HHJ1 npo.nyKTOB B3aHMO.zteiicTBHll 6oM6ap.nupy10mux 'I&cTHU C ll.llpaMH npu 3HeprHH > 
10 1\13B. BH'IHCJieHHble CeTieHHll Heo6XO.llllMbl .llJ!ll nOCT&HOBKH H npose,nel.!Hll HMHTanu

OHHblX 3KcnepuMeHroB, .llJ!ll oueHKH MomHocTH .ll03bl,·cKopocreft o6pa30BaHHll .ll<ml'O:iKH

Bymux pa.nuoaKTHBHLIX H30'J'OnOB B KOHCTPYKIUIOHHblX Marepua,1ax. 

3. Co,3.ztaHHble 6u6JIHOTeKH Heo6XOJlllMLI npn HCCJ!e,IIOB&Hllll ycTaHOBOK, cnoco6HLIX pemHTL 

npo6JieMy )KOJiOl'H'IeCKll npHeMJieMoro, 6e30nacHoro, 3KOHOMH'IHOI'O TOnJIHBHOl'O itHKJia. 

Anpo6a1111J1 pa.6oTbl 

PelyJILTaTbl, .nuccepTaIUIH npe.ncTaBJieHbl B .ItOKJlaJl&X Ha BCeCOI03HblX H MelK.nyHapo.nHLIX 

CHMn03HyMax. KOH<PepeHUllllX H CeMHHapax; B T.'I. Ha KOH<l>epeHIUIJIX 510 (C.-IleTep6ypr, 

,1 
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H.Ho0ropo11).rc~nrnapax no <j,HJIIKe II par'lny prai.; 1oi>oa ('.\llfcl>H. C')H. HT'J<I>). KoH<j,rprH
UllllX no rnnrMHbIM 11rc:1r11oaaHllllM ((")H. HSI') AH 6C'CP. HAT'J). MrlKll)"Hapo11HblX i.;oH

<j,epeHUH~x C-R merting HFR(Chengd~·. C'hina), 1C'EXES'91 (~lonterey. l'SA), ICENES'93 

('.\lakuhary. Japan). GLOBAL 9:J (Srattlr, l'SA), AOTT (Las Vegas, USA). NDT (Gatlinburg, 
l'SA), GENES/TIT (Susono •• Japan): ony6:ntkoaaHbl B oTe'lecTaeHHbIX (2,5). 1apy6eJKHblX (1.5) 

lKypHa.'lax • .5 aaTOprJ{l!X 1no6petrHllllX II :J6 OT'letax, t6opHHKaX JlOKJlallOB arecOIOJHhlX ceMH

Hapoa ( 16).Tpy.nax Ka<j,ellpbl o6mrft It c-neu11ailh110J1: qimium (22), Te111c-ax poccuftcKnx (.5) n 

MelK.ll}'Iiapo1111hlx (12) KOH<jwpeHUIIH, .nm,,,a.ztax iI Tpy.nax MeJK.nyHapollHbIX KOH<j,epem,nft (6), 

OtHoBHoe co.nep.1t:aHne .nncc-epTaUnn ony6nnKollaHo a pa6oTax, cnncoK Kotopux np11ao.n11T

.ll a KOHUe ai!TOpe<j,epaTa, no teMe 11aHHOH pa6oThl 1am11meHo .5 KaH.nn.naTn.;il_x .n11rceprau11J1: 

non HaY'IHhlM PYKOBO,nCTBOM COIICKareJill. 

06heM II cTP)'.Ktypa .nilrceprau1111 

l111creprau11ll COCTOIIT 113 BBelleHllll, nllTll r.,aa, JaKmo'lellllll II cnilCKa JIHTeparypLI • .llnc

cep-raunll co11eplKilT ,.,. Mam111tonncaoro reKcTa 11 ••••• p11cyHKoa. 6116n11otpa<j,11ll BKlIIO'IaeT 

••••. 11a11Me11oaa11nft. 

Co.neplKaHne 11Hccepraum1 

Bo aaenen11n paccMorpena c11ryaum1 c pa1imrneM TOilJIIIBH0--3KOHOMll'IecKoro KOMUJieKca 

(T3K) B liaUteft crpane ii Heo6XQ!lllMOCTh co1.naHllll B xxt B. '.lKOJIOI'lt'IetKH '!Hc;rnn,. 3KOHO-_ 

Mll'l('CKll npneMJieMoli II 6e101iacHoli iwepltoH 3HepretllKH. 

B nepaoA rnase ,nnccepraunu nmoJKeHa Mero11nKa aaann1a MHorol(oMnoHenrHoft Mnoroc 
npo.nyKTOBOli Mo11enn 513. • . . • . . .. 

. OcHoanhiM n1tcrpyMeHTOM nccne.uoaaHHJI nepcneKTHBHblX 513Y a paJJIH'IHhlk ·cHCteMax 

3Hepretl!Kn llBJillertii: MaTeMatn'lecKoe M011enupoaaHne. 

MareMatn'IecKne Mo.nenn, peann10aaHHhle a an.ne nporpaMMHLIX K6MnJieKcoa, pa1p1.t6o-· 

'TaltllhlX a .t1a6oparopn11 "IlycK": "DIPLOM" (coaMecTHo c MH<l>H.n <1>3H), "SMAENG" (co

BMecTHo c WH), "GENESIS", no1BOJI.llIOT nccne.uoaaih KaK Mo.nemt pa1anaa10melicll cncteMhl. 

ll.llepnoli 3~Tn~n, Ta.K It ycranoBHBUinlicll rrepno.n, xapai,:repn1y10mnlicJ1 nocrollHlihlM teM- • 

noM 000.na SIGY. 

YcraHOBHBillllHC.11 nepno.n pa_lBHTllll 513 xapaKTepmyeTCll B rrepay10 oqepe,nt, rroCTOJIH

CT)lOM c-rpyKtypl,i 3HepreTIIKII, '!TO 03Ha'IaeT llOCTOllHCTBO BO BpeMelln .ztonn 3HepreTH'l<'CKOli 

rrpo11YKU1rn, rrpo113ao,nnMoli peaKtopaM11 o.nnoro .rnna. KpoMe roro, a 513 oy.nyntero He ,noJilKHhl 

HaKalIJIIIBaTbcJI BhlCOKOOKTHBlthlC 1130TOIIhl TOIIJIHBa II OTXO.zthl ll.llepitoro TOilJlllBHOro llllKJia, 
T .e, AOJilKHa 6U');L 'laJIOlKeHa 3KoJIOrll'leCKaJI_ rrp11eMJieMOCTh J1.nep11oli 3HepreTIIKH. 

.llnll cpaaneHl!ll )>a.3Jill'IHUX aap11aHTOB pa3BIITIIJI 513 BBO.ZJ;llTCJI <j,yKHKUll<iHaJI, xapaKte

'pn3yIOU!IIH BeJlll'IIIHY TeKYII(IIX 3atpaT Ha CIICTeMy 513 B ueJIOM B MOMeH_T Bpe;-feHII t: 

F(t) = ~ K~•,.·(dN;(t) + dN;(t + T")) + Ka.,MdN;(t ~ T") + """ N.(t)+ 
L.. ' dt dt ' dt u, ' 
t=l · 

J 

. })C,j"G;;(t + T;j 32
) + Cf;""'G,;(t-T;; ~ T;j•M), (I) 

-·i=1 

k 

9 

r.ne Kt••, K/'M - 3atparu Ha crpol!TeJihCTBo ycraHOBOK in ,neMoHTalK ee no 11creqemm 

cpoKa CJIYlKQU (T"); 
U;"" - TeKYIIIHe 3atpaThl Ha 3KCilJiyataUllIO ll peMOHT ycTaHOBOK THIIa i; 
C;'/', C[!M - cro11MoCTL n1roroaJieHHll n XHMH'!eCKoli nepepa6otKII ronJI1111a c yqeTOM 

ero tpaHCIIOpTl!pOBKH 11 3axopo1teHHlil OTXO,noB; 

G;;(t) - KOJIH'Iecrao TlllKeJih!X ll.llep (cMech 238U H 232Th c 239Pu n 233U, Am, Np, Cm) 
ao acex Kaccerax j-rnna ,nJIJI ycraHOBOK rnna i a MOMeHT apeMeHH t (yctal!OBKII 11,mryr 6h!Th 
MHOrD30HHUMII ); 

T;; - BpeMll npe6b1BaHl!ll TOIIJIHBa B JOHe j-r11na; 

T;"/M - MHTeJihHOCTh XIIMH'IecKoli nepepa6oTKit TOIIJIIIBa, BhlrpyJKaeMoro Hl 30Hhl j~li 
yctaHOBKll Tllna i; 
· T/i" - 11nrepsaiI apeMeHll or Ha'lana 111roroBJieHn.11 TBC no MOMeHta 1arpy1Kn a 30HY i; 

I - o6mee KOJill'leCTBO TIIIlOB 3Hepretn'IeCKIIX ycTaHOBOK B CIICTeMe 513; 
J - KOJlll'leCTBO 3011 B ycTaHOBKe. . 

3ana'la HaXOlK,D;eHHll CTPYKTYPbI 513 3aKJIIO'laeTCll
0 

B HaxOJKµCHllll MllHHMyMa cpyHKUHOHa
Jia. ECJin npenrronararL,.'ITO Ha ycraHOBHBllleMCll )Tane pa3BHTIIJI TeMn poc.ra MOIIIHOCTH 513 
MeHlleTC11 .noctaTO'IHO nnaBHO, 1IpllHllB . 

N;(t} == N;
0
ew•~', (2) 

r.ne N;. - KOJIH'leCTBO ycraHOBOK Tllna i Ha Ha'IaJIO nporH0311poBaHHll, 

w., - TeMrr p~Ta MOIIIHOCTH 51'), TO <j,yHK!1110HaJI (1) 3annch!BaeTC.ll B sane 

I 

F(t) == EC;(w.,)Nio. (3) 
i=l 

r.ne 

I M.. [ (. T'""l] C,(w.,) == w., ~ ,,, C~"eW"T. + c~~"'e-w T,,,+ i,J. + 
L..1 I - e-w.,T,,J 1,J i,J 1,J . . 
i= . 

+w.u [Kta"(I + f-wuT,~n )+ + K;°tMe-w_,ryn] + uie,c. 

06o6meHHhlll lIOKa3aTeJih • 

I . . JJ[,}'> ., • 
R;(w.,) == ...:., E.

1 
,,.· T. (x;; (1 - e)• 

i=l -~-~-W~:, 1,J ' 

f Wu, 1,J J,J _ X~~11(:Wu, IJ - (T. +T',.) · T"') 
. •. t,J ' 

r.ne xi" - o6orameHne ron;inaa (239 Pu, 233U, rpaHcaKTIIHH,nhl a caei1rnx TBC), x"t/" - KO

He'!Hoe o6orameH11e ronnnaa ( 239 Pu, 233[T, Tp.aHcaKTHHn.nbl B BblrpylKaeMhlX TBC);e - JlOJIJI 
TOIIJIHBa, rep . .lleMoro a npouerce neprpa6oTKH, xapaKrepmyiomnli Hapa6otKy H36UTO'!Horo, 

Tonnnaa 3a ro.n B peaKTope tuna ·j C o6o6meHHhIM noKa3ateJieM C;(v.1.,) noJBOJlllIOT C~lll!Th 

pe111eHHJ1 ypaaHeHnli K 1a,na'!e JIHHelinoro . nporpaM11,rnpoaaa11i c ne1Ha•rni;eJihHUM 'IHCJIOM 
orpaHll'IeHHH ll au6npaTh ll3 IIMC'IOIIIeroca: 11,iHOlKeCTBa re, KOTOphle o6ecne'IIIJ!ll 6u Bh!IlOJI-· 

neHne 1A,naaaeMh!X Mac111ra6oa rrpo111ao.ncraa pamn'IHhlX sn.noo :rneprer11qecKoii. npo.nyKnn11 ' 
npn Mll~HMaJihHhlX JaTparax Ha CJ!CleMy 51') s neJIOM. . 



10 

1lm1 perneH1111 3a,naq11 rrj}11 it,yHKUIIOHane ( 1) 61.m BhI6paH c11~mneKc- MeTo.n, rrpe.ncTaBJJJIK>

mnft co6oft HTepaTHBHJIO rrpoue.nypy perneHilll 3a,naq n11Heii:Horo rrporpaMMHpoBaHHll npe.ncTa

BJJeHHoro B cTaH,napTHOH it,opMe. YcnoB1re OIITIIMaJibHOCTII, I1crron1,3yeMoe B BhiqncnI1TenbHOii: 

cxeMe CIIMrrneKc-Mero.na, COCTOIIT B TOM, qro, ecn11 B 3a,naqe MiiHHMll3aUilll Bee He6a31!~Hhle 

nepeMe1rn1,1e B ypaBHeHIIII ,nnll ueneBOH '1>YHKIIHII - HerronmimTenbHhie K03'1>4>llUI1eHThI, IIO

nyqeHHoe rrpo6H<>e pemeHI1e llBJJJleTCJI OIITIIMaJibHhIM. C03.naHHhiii:. KOMrrneKc "SMAENG" 

BKnIOqaeT, KaK rrporpaMMY .nn11 perneHIIJI c4>opMynI1poBaHHon 3a,naqI1 nHHeiiHoro rrporpaM

MI1poBaHz11, TaK II rrporpaMMhI .nnll Bhiq11cneHI1JI o6o6meHHhIX rrepeMeHHl,IX R,(w,.) II C;(w,.), 
aHaJill3a rronyqeHHhIX pemeHIIH, oit,opMneHIIJI rronyqeHHhIX pe3yn1,TaTOB II 6aHK IIO Jl.!lepHhIM 

:mepreTI1qecKI1M ycTaHOBKaM. BaHK Il03BOnlleT MaHilrrynHpoBaTJ, IICXO.!IHhIMII ,naHHhIMll (pe

,naKTllpoBaTb, y,nanl!Tb, .no6aBnllTb). K .l\OCTOIIHCTBY MO.l\Ilit,IIUilpOBaHHOro KOMilneKca MOlKHO 

OTHeCTII KOMilaKTHOCTb,6hicTpo.neii:cTBile, y.no6cTBO BBO,na IICX0.11 HOH I1Hit,opMau11n II nonyqe

Hlle pa3BepHyToii: I1Hit,opMann11 B Bu,ne Ta6nHu o xapaKTepe rronyqeHHoro pemeHl!ll. 

B KaqeCTBe rrpIIMepa paCCMOTpeH O.l\llH ll3 BapHaHTOB pacqeTa npn n:ccne.noBaHHII MO,nenH 

3HepreTI1qecKOH CllCTeMhI, COCTOJ1II1eii: ll3 nerKOBO.l\HhIX peaKTOpoB II 6wcTphIX peaKTOpOB Ha 

nnyToHneBOMTonnnse. 

MaTeMaTnqecKaJI MO)l.en1, JIBJJJl~TCJI nlllIII, HeKOTOphIM rrp116nnlKeHHeM, OilHChIBaIOIIIIIM pe

aJIJ,Hhie npouecchI (qTO npe.nnonaraeT HenonHhIH II HeToqHhiii yqeT peanbHhIX it,aKTopoB). 

Ilpe.ncTaBnJleT HHTepec HHit,opMaUllll O npoBe.neHHH CIICTeMhI npll KOppeKTl!pOBKe ee napaMe

TpOB. TaKyIO IIHit,opMa!lHIO ,naeT 11ccne,n0Banue MO,nen11 Hai ycToftq11BOCTb. 

TaK KilK CTpJKTypa CllCTeMhI lie MeHl!eTCll c pocTOM 001.eM~M B npOll3BO.!IIIMOH :meKTpo

)Hepr1111, rrp11Be,neHHhie 3aTpaThI Ha CIICTeMy B uenoM yseJ111q11Ba10TCll npl!MO nponopu110HaJIJ,

HO pocTy w. C11cTeMHhie "ueHhI" Ha 3neKTpo:mepr11IO II Pu OCTaIOTCll IlOCTOllHHhIMII. Qqe

BH,nHo, qro 3TOT it,aKT TaKlKe llBnlleTCll cne,nCTBlleM He1!3MeHHOCTII CTPYKTJphI CHCTeMhI, T.K. 

"ueHhI" xapaKTepII3JIOT cKopocTb ll3MeHeHIIll it,yHKUIIOHa.rra K npoH3BO.!ICTBY .nononH11TenbHoro 

Kon11qecTBa COOTBeTCTBJIOIIIero BH,na rrpo,nyKfll!II, a B HameM cnyqae it,yHKUIIOHaJI II 001.eMhI 

BhIIIJCKaeMOH np<>.nyKUIIH H3MeHJIIOTCJI C O.l\llHaKOBhIM K03'1>4>III1HeHTOM nponopunoHaJibHOCTH. 

PerneH11e,MeHl1eTCll npll HapyrneHl!II HyneBoro TOilnllBHOl'O 6ananca, T.e. B TOM cnyqae, KO

r.na c11cTeMa HaqnnaeT noTpe6nl!Tb HeKoTopoe KonnqecTBO ll.!lepHoro rop10qero H3 BHernHero 

ncroqHnKa Hn11 napa6aThIBaT1, Pu, He Hcnon1,3yeMhIH BHYTPII CHCTeMhI. 

OnTHMaJibHoe pemeHile MOlKeT H3MeHl!ThCll, ecnn H3 KaKHx-n116o coo6palKeHIIH 6y,ny"i: BHe~ 

ceHhI nonpaBKH B napaMeTpl,I' 0.!IHOro H3 peaKTopoB. CyMMapHOH xapaKTepl!CTHKOII KOHKypeH

TOCIIOCOOHOCTH 513Y llBJJlleTCll .noxo.n. 

Ilo nporpaMMe "SMAENG" npoBO.nHnoc1, cpasHemie paIBJiqHhIX 3HepreTnqecK11x ycTaHo

BOK JI BbllKJiraTeneii pa,nJI0aKTllBHhIX OTXO.l\OB Ha ycTaHOBHBIIIeMCll nep110.ne pa3BJITllll. 

llnll ClKHramlll TpaHcypaHOBhIX 3neMeHTOB B pacqeTax paccMaTpIIBaJ'IllCI, ycTaHOBKH

BhilKHraTenn, napaMeTphI KOTOphIX npl!BO.!IJITCll B Ta6n.1. 

B T<!-6nnue ncnon1,30BaHhI cne.ny10mne c0Kpamem1ll:. W - npoJI3BO.!IJIMal! ~nu noTpe6.,ll

eMal!. M0IIIHOCTI, ycTaHOBKII, r(Pu), g(Pu) - Hapa6aThIBaeMoe JI IlOTpe6nlleMoe KOnJI'lt'CTBO 

Pu, g(TRU) 7" ClKJiraeMoe KonnqecTBO TpaHcypaH0BhIX .,neMeHTOB (Am, Np, Cm), Ha1Bau11r 

ycTaHOBOK .LLAE, LLAT, LLATE - p_aIBnqHue Bap11aHThI ycTaHOBKH-BhIJKHraTe,1ll Ha orn'o;,. 

npoT0HH0!"Q ycKopuTenll (npoeKT, Jloc-Anall'(occKOH na,6oparop1111), LPHTE - npoeKT BpyK

xeiiseHcKoft na6aparop1111 Ha ornoBe npOTOHHoro yCKopHTenll PHOENIX, LJAET - npoeK 1 

ycTaHOBKH OMEGA (JAERY), LMFBR - BhilKHraTen1, Ha ornoBe 6hICTporo peaKTopa, ~f 
ABR, P-ABR- cneuJianH3HpOBaHHhie 61._cTpwe peaKT0J>hI-BhilKnraTen11 in np_oeKra 01\IEC.\. 

\ 
~ 

l11G:11111a I. 

llapallf' 11n,1 BIJ;l(llfa 1l':l<'li I pam·.q~a_uos1,1x ·,. ,,,~11·11_1011 na 

{lCII0Bl'
0 

npOIOl!HhlX yn;,pll ll':11•11. 

YnanoeKa \\" r(l'11) g (1'11) g (TRl'.J : 
:\181(',) ~•/1011 Kl/roll Kl /ro11 

LL.\E :JOO 0 -i00 0 
LL.\T -6S0 0 0 Hi 
LUTE 2SS 0 . Sl7 '' LPHTE S,i0 15:'i0 0 . 2600 
L<L\TE 0 2600 0 JOO 
L:\JFBR 1010 0 15!)0 HJ5 
:\1-.\BR -l00 (I 102 . 2J(i 
P-.\BR 180 0 119 

. 
2:32 

II 

11.lll Mo,ne;m .s:I'). B KOTOpoli B K3'-lf'CTB<· n0Ka1are.111, xapaKtepmyIOruero ~'1>4>t'KTIIBIIO<"Tb 

pacnra rpneae~mro BapnaH-ra 51"), npHHllTbl Q"MMapHble Kam1Ta.i1,11L1e B.10;,l(f'ffHll, 0THrceuuwe 

Ha Kll.10B3TT B CJICTeMe 51'} npoaHa.11n111>0BaH1,J 1.;o1'1>4>nuneHTl,J llJ,;, llR, "•· "" xapaKrepn1y
IOII1He ~ neHHoci1, ~ 1n11eHeHnii COOTBeTCTB\"ll>mnx napaMeTJ>OB TP. BP n ')51Y ( cronMoCT11blx. 

BOCJl~ll3BO.ZJ;CTBa; K.n • .n. II K03'1>'1>HUJlt'HT.;B narpylKII), T.e .... ;.BCTBIITen1,11ocTJ, KannTa.11,u1,1x 

"JaTpaT B CJICTt'Mt' .s:1'} K lllMeHf'HJIIO napaMt'TJ>0B 1ue1>reTI1'-lf'.CK
0

IIX ycTaH0BOK. 

Ila. p11c.l IlOKa3aHa 3aBHCHMOCTh Ko1'1>4>11n11eHTOB 'l)"BCTBHTe:JbHOCTll llJ,i, "• ll a,,, Jl.lll TP. 
&n~YMe · · 

IlporpaMMHhIH KOMUneKC SMAEXG Gu.1 TaKlKe IICII0,1b'lOBaH ,ll..lll paCCM0Tpt'Hllll BOlMOlK

HOCTH C03.!13Hllll OIITIIMa.lbHOii CTPYKT)'pbl ll.!lf'PHbIX neHTp0B, B OCHOBe K0TOJJLIX .le;l(l!T co-· 

BMt'CTHoe pa3Memennl' Ha Q!lHoii n:ioma.nKe c A'JC-n1>0n1so.ncrsa no nepepai6orKe c ncnon1,'lO

BaHHeM HeBO.ZJ;Hblic Mf'T0.l\0B OTpa6oTaBWIIX H HlI'OT0BJJeHJIIO Hl BTopnqHoro T00'1HBa CBelKHX 
TBC. 

MPTUHOCTb Jl.!lf'pHoro neHTpa np11HHManac1, paBHoii 5 fBT( :J ). OnTnMa.1bHaJI crpyKrypa 

TaKoro ueHTpa
0

npHBe.ZJ;eHa B Ta6J1. 2 (B CKOOKax YKMaH npoueHT OT o6meii ,Heproa1,1pa,6oTKll 
ua ycTaHoBKax .nattHoro Tnna). 

Ta6nnua 2. 
OnTUMa.11,HaJI CTpyKTypa Jl.!lt'pHoro llt'HTpa 

Te~m pocTa· C'ooTHOIIIt'Hllll 3aTpaT Ha ycKopnTen1, n Mnmem.-6naHKeT 
MOIUHOCTH C'ycK/C6p=0.67 Cyn:/C6p=l CycK/C6p= 1.5 

LWR - 4.3 (80), LWR - 2.7 (52) LWR • 2.7 (52) 
w = 0.01 LJAET-0.6 (0) FBR - 2.3 ( 43) FBR - ~-3.(43) 

M-ABR-2.3 (20) M-ABR-0.5 (5) M-ABR-0.5 (5) 
LWR - 4.5 (89) LWR - 1.8 (:35) LWR • 1.8 (3.5) 

u1 = 0.03 LJAET-0. 75(0) FBR- 3.2 (62) FBR - 3.2 (62) 
P-ABR-1.3.5(11) P~ABR-0.3.5(3) P-ABR-0.35(3) 
LWR - 1.9 (97) LWR- 4.9 (97) LWR- 0.75(15) 

w = 0.05 LJAET-0.9 (0) • LJAET•0.9 (0) FBR - 4.35(83) 
P-ABR-0.-t (3) P-ABR-0.4 (3) P-ABR-0.15(2) 



12 

Ifa Ta6n.2 BJU1HO, qTO Han6onee BbII"OJlHOll ll3 ycTaHOBOK Ha OCHOBe npoTOHHOI'O ycKOpHTenJI 

llBm!eTCll ycTaHOBKa LJA~T. Ilpn c,..,,Jc,,. = 0.67 3Ta ycTaHOBKa BhlTeCHlleT FBR npH 

acex w. 3TO YTOqHlleT C)leJiaHHhlll paHHee BhlBOJl, qTQ ycTaHOBKa c HyneBhlM 6a.naHCOM no 

3JieKTp03HeprnH He MOiKeT BXO)lllTb B cocTaB 5!3. B JlqHHOM cnyqae 3TO CBll3aHO C ycnoaneM 

HeHaKOIIJieHllll TpaHcypaHOBhlX 3JieMeHTOB. . . 

Bonpoc o au6ope MOJlenH Hannyqmei cTpaTerHn nepexo.zumro nepno)la· pema.nc11 c noMo-

IIlblO pa3pa6oTaHHhlX KOM~JieKCOB "DIPLOM" n "GENESIS". / 

Ilpn paCCMOTpeHllll MO)leJIH 5!3 n ee TOnJillBHOI'O UllKJia a nepexd.ZUihlll nepHOJl 5!3 a KOM· 

nneKce "DIPLOM" 6unn c)lenarru cne.ny10mne npe.!UIOJIOiKeHHll: 

• 3aIIachl lj orpaHll'l:CHhl, CTOllMOCTb lj 3aBllCHT .OT Kareropnn llCTO'l:HllKa yparroaoil PYJlhl; 

- pOCT 3JICKTpnqecKOll MOIIlHOCTll 5!3 IIpOllCXO)lllT no 3aJ(aHHOMY 3aKoHy; 

• BeCb nepnon nporH03HpOBaHllll pa3JlCJICH Ha )lBa llHTepaa.na: OT aaqa.na nporH03HpoaaHHll 

JlO llC'l:epnaHllll 3anacoB Pu, BBe)leHHOI'O B CllCTeMY B naqa.ne nporHo3npoBaHHll, ll OT MOMCHTa 

ncqepnaHHll 3anacoB Pu JlO KOHUa nepeXOJ(HOl'O nepHO)la, KOl'Jla MOIIlHOCTll peaKTOpoB Ha lj 

He BBOJlllTCll. 

• 0T)leJibHO paccMaTpllBaJlllCb .UBa nepHO,lla nporH03llpOBaHHll: 

1. IT., T.]; 

2. [ T0 , T0 ], rJle T. - Ha'l:a.no nporH03npoBaHn11, T0 - MOMeHT HcqepnarrHll _3arracoa Pu, 
T. - KoHeu nepexoJ(Horo nepnona (a 3TOT MOMCH:T. W(T.) = 0). CpaBHHBaJJHCb pa3-

n'n'l:Hhle CUCHapnn pa3BllTllll 5!3 no <pyaKUHOHaJJY npllBeJlCHHhlX 3aTpaT ~a BeCb nepHOJl 

nporH03llpOBaHll~. MHHHMYM <j>yHKUROHaJJa _3a BC<!b nporH03HpyeMhlll nepHOJl Hax()JlllJI· 

Cl! MCTOJ(OM nocne.uoBaTeJibHOll JIHHeapn3aunn, B a.nropllTMe KOToporo BaiKHOe MCCTO 

3aHllMaJI pac'l:eT BeKTOpOB 3<1><!>eKTllBHOCTen ynpaBJICHllll !' <j>yHKUllOHaJJaM. 

Ilpn cpaaHeHllll cueHapneB pa3BllTllll 5!3 

- coxpaHl!JiaCI, COBpeMeHHal! CTPYKTypa 5!3; 

• npenycMaTpllBaJJacb B03MOiKlIOCTb ll3Mentmnll TpeOOBaHllll K ycTaHOBKaM Ha npoTlliKeHllll 

cpoKa HX cnyiK6u; 
- Tpe6oaa.noc1,, 'l:TOOhl a KOHUe nepeXO)lHOl'O nepHOJla 5!3 COOTBeTCTBOBaJJa CTpyKType 5!3 

B ycTaHOBllBlliCMCll nepnone pa3BllTllll. 

Ilnll TaKHX iKe ll)lepHo-:rnepreTH'l:eCKllX ll 3KOHOMll'l:CCKllX xapaKTepHCTllK paccMaTpHBae

MhlX ycTaHOBOK pac'l:eThl no nporpaMMe "DIPLOM" cpaaHHBaJJHCb c pac'l:eTaMn no nporpaM

Me "KOPHEP". 1 IlnHaMHKa j>ocTa MOIIlHOCTH 5!3, nony'l:eHHall no ynoMllHYThlM nporpaMMaM, 

Ka'l:eCTBeHHO coananaer. KonuqecTBCHHoe pa3JIH'l:lle CBll3aHO C Pa3Jlll'!HhlM y<reTOM CTOHMOCTH 

TOnJIHBa B ll,llepHOM TOnJIHBHOM UllKJie. 

HeB03MOiKHOCTb cpaaHeHHll HCCKOJ!bKHX BH.llOB ycTaHOBOK C OJlHHM TllnOM TOnJIHBa, neo6-

• XOJ(HMOCTb pacCMOTpeHHll npe.uucTopnn pa3BHTHll 5!3 (y<reT napa6oTKll BTOpH'IHOI'O TonJIH

Ba ll OTXOJlOB peaKTOpoB, HaxO,llllIUHXCll B 3KCIIJiyaTaunH C 60--70 ronoa), iKen~He npoaeCTH 

oueHKY pemeHnll npo6neMhl yTHJIH3aUHH aapa6aTh!BaeMoro_Ha A3C H opyiKe.iiHoro Pun HC· 

cne.uoaaTb B03MOiKHOCTll npHMeHeHHll B l[JlepHoM TOilJillBHOM UHKJie pa3JIH'!HhlX BhiiKnraTenei 

pan~oaKTHBHhlX oTXOJlOB npHBeJIH K COJJlaHIIIO nporpaMMbl GENESIS. IlporpaMMa GENESIS 

peanmyeT ycnoBHO JlHHaMH<recKylO Monen1, no3TanHoi onTIIMH3aum1. PemeHHe cncreMhl ypaa

HeHnil npoBO,llHJIOC!, nocne)lOBaTeJibHO JlJ!ll Kail(Jloro 3Tana C nepe)la<ren llHq>OpMaUHll O BBO.Ue 

1Enanrn 10.Il. lhs.AH BCCP. Cep.4>u1.-,uepr. uayK 1982. N. 4, c.47-51. 

-;I 
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o61.eKTOB B onTHMaJJhHhlll nnaH OT 6noKa npeJlhl.LIYII1ero ro)la B 6.'l<>.K nocne.11y10II1ero npn 3TOM 

yqHTbIBaeTCll Bell npeJlhlCTOpllll pa3BHTH":r 5!3 H ABC. • 

PocT MOIIlHOCTe.ii 5!3 34Jlaaanc11 ncXOJlll H3 3KcnepTHhlX oueHOK. llJJioiKeHHal! MOJleJI1, Jla

eT ll03MOiKHOCTb onHCbIBaTb 5!3 C npon3BOJibHbIM poCTOM MOIIlHOCTH, BhI6op JlJIHTeJibHOCTll 

pac<reTHOl'O HHTepBa.na no1aon11eT npu6nn111T1, MO.lie/lb K pea.n1,noi CHTyaun11. Mo.nenb npe.11-

nonataeT B03MOiKHOCTb pa3BllTHll 5!3 Ha U-Pu 11 Th TonnnBHhIX UHKJiax. 

B-ropall rnasa nocBllIUeHa om1caHn10 3neKTpol!.11epHoi ycTaHOBKH Ha ocHoae HaKonni-en11 

JleHTpOHOB, 

8 pa6oTax A.!10 JO.M. C COaBTopaMH 6hIJIO npe)lJIOiKeHO pe3KO nOBhICHTb 3<1><!>eKTHBHOCTb 

renepaunH neiTponos, llCKJIIO'IHB ocTaJIOBKY ycKopeHHhIX .11eilTpOHoa B M11meHH. C 3TOH uen1,10 

MllllieHb Ha BbIXO,lle mmenHOl'O ycKopHTeJill, npe.!IHaJHaqeHHal! .!IJ!ll 0.!IHOKpaTHOl'O npoXO)K,lle

HHll .11e.iiTpOHOB, )aMeHl!eTCll ycTpOHCTBOM. npeJlCTaBJilIIOIIlllM co6oi KOJ!bljeBOH HaKOnHTeJib 

,llellTpOHOB C BHJTpennen MHmeHbJO. B HaKOIIHTene o6ecne<rnBaJOTCll JCJIOBl{ll ,!IJ!ll MHOI'OKpaT

HOI'O npoXOiKJ(eHHll MHmeHH HaKonneHHbIM nyqKOM .11enTpOHOB C npHMepno nocTOllHHOll 3Hep

rnen. lloHH3aUHOHHhie IIOTepH KOMnencnpyJOTCll BhICOKOqacTOTHhIM 3JieKTpnqeCKllM noneM no 

ana.nor11n c KOMnencaunen pa.11nau11onnhlx n0Tep1, 3Hepnrn B 3JieKTponnhIX naKonnTeJilIX. B 

TaKoil ycTaHOBKe .11eilTpon uepeceKaeT MHIIIeHb CTOJ!bKO pal,CKOJibKO Heo6XO,!IHMO .zlJ!ll ero pa3-

BaJJa. fenepaunll nenTpOHOB Ha BHJTpemien MHIIIeHH HaKOIIHTeJill Tpe6yeT MeHbIIlei'\ 3aTpaThI • 

.,ueprnn Ha npOIBBO.!ICTBO 34JlaHHOl'O 'IHCJia HeilTpOHOB, qeM npn npllMOM o6nyqeHHll ,11eil

TPOHaMn "ToJICTOll" MHIIIeHH. 3To CBll3aHO C '.Ii'M, qTo B HaKonnTe/Ie HOHH3aUHOH!Jble noTep!I 

3Heprnn npoHCXOJllIT npn MaKCHMaJJbHOll 3Hep 'HH .11eilTpOHOB. 8 TO iKe BpeMl[ II "TOJICToil" 

MHIIIeJIH 3Heprnll JlCHTpOHOB na.11aeT JlO HJJ!ll ll "OHH3aljHOHHhie IIOTepn 3Heprnn nponcXO.ljl!T, 

B cpeJlueM, npn 1neprnn .11eilTpoHoB, 3HaqnTe11 ) MeHbIIIeft,.qeM Ha<raJJbHal!. 

llcnOJib30BaHne MaJIOHJKJIOHHhlX peaKUHll JlJill nony<reHHll HHTCHCHBHhIX noTOKOB Hel1Tpo

HOB C :rneprnei nopll)lKa HeCKOJil,KIIX .!ICCllTKOB Mera3J'IeKTpOHBOJ!bT o6ycJIOBJieHo JlOCTaTQqHO 

BhICOKl!M lHaqeHIIeM ce<reHIIll BhIXOJ(a HeilTpOHOB B coqeTamm C HeBhICOKllMn HOHH3aUHOI!· 

HbIMH noTepllMH nepanqHoro nyqKa HOHOB BCJ!e,!ICTBHe IICIIOJll,30BaHHll B Ka<reCTBe MHIIIeHf! 

3JieMeHTOB C MaJihlM Z. 
Ilmr on11caHIIll xapaKTepHCTHK HeilTpOHHl,IX HCTO'IHHKOB Heo6XO,!IHMhl YfJIOBhie H 3Hepre

TII'leCKIIe pacrrpe.11eneHHll HeilTpOHOB B OCHOBHhIX II KOHKypnpylOIUIIX l(JlepHhIX peaKill!llX, B 

paccMa TpIIBaeMOll 'o6JiaCTH 3Hepruil .11enTpOHa Ed = 30-100 l\faB OCHOBHhIM KaHaJIOM peaKl.llllf 

llBJillf'TCll pa1aan .11enTpoHa; d + A -+ n + p + A, npn<reM o6paly10mnec11 a 3Toii praKunu Heii

'.Ip<>Hl,I xapaKTepH3JIOTCll HellpephIBHhIM 3HepreTnqecKHM cneKTpOM d~., Emin $ en $ Emax, 
r.11e MHHHMaJibHal! Emin ll M3.KCHMaJibHall Emax 3HeprHl! HeilTpona onpeJle/Il!IOTCll H3 K!JHC

MaTnqecKHX coo6paiKe11nil. Ilpn q>HKCHpoBaHHOM yrne !1!,!JieTa 11enTpo11a Ha '¾HepreTnqecKoe 

pacnpe.11eneHne peaKl.lHH palBaJia d,f:e. (Em;n(0) $ En $ Emax(0)) HaKJI4Jll,l!laeTCll MOHo-

3HepreTn<recKoe pacnpe,ueJieHne HeilTpOHOB, o6pa3yJOIUHXCll B peaKUHH cpwaa C HeOOJihUIIIM 

uo cpaBHeHHJO c peaKunej\ pa1aana ce<re11ne11,1. Ewnu npoaHamn11poaa111,1 B03MOiKHOCTH qc

nOJihJOBaHllll .11pyrnx Ma.WHYKJIOHHbIX peaKl.lllll .!IJ!ll nony<reHJ!ll HHTeHCHBHl,IX HCTOqjJHKOB 
HeHTpOHOB. . 

CxeMa HHTeHcHBHoro 11eihpoHHoro re11epaTopa Ha ocHoBe naKOlIHTe.'lll .11enTpoH0B c BHy-

TpeHHe.ii MHIIIeHblO.lIOKa3aHa Ha pnc.2. . . 

ll11;+.:eKU1Jll .11eilTpOHOB B HaKonnTeJih - nepe3apl!JlHRll. -0TpnnaTen1,nMe HOHbl .11eilTrpu11 

D- - HOHH31!py10Tcll B MHIIIf'HH H 11enpephIBHO 3allOJIHllK>'.I OJlHH II TOT iKe <j>aJOilhill o61,

eM HaKonnTe ... u1. D- - 11a Ha<ra.'lbHoil CTannu npn mnK011 >Hepnm yc~op1110Tc11 CIHHPilHoil 
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ceKUHeii C Bl,ICOKOqacTOTHoii KB<UIPYilOJILHOii 4>0KycHpoBKOii, a 3aTeM, HanpnMep, JIHHeiiHLIM 

ycK0pHTeJieM C .llpeii4>0BL1Mll Tpy6KaMH ll MarHHTHLIMll KB<UlpynOJIJ[MH. 

MarHHTHaJI CTpyKTypa HaK0illlTeJill COCTOIIT H3 .llBYX noBOpoT~LIX MarHHTOB C a3HMJTaJILH0-

0,llH0po,llHL1M MarHHTHLIM UOJleM ll .llBYX npllMOJIHHeiiHLIX npoMelKJTK0B, B K0TOpLIX pa3Meme

HLI KB<UlpynOJILHLle MarHHTHLle JIHH3LI, o6ecnequaa10mHe HaHMeHLWJI<) oru6a10my10 ny11Ka 

qacTHil B ropH30HTaJILHOii
0 

II BepTHKaJILHOii IlJIOCKOCTH nocepemme npoMelKyTK0B. 8 <>.nH0M 

113 npoMelKYTK0B B 3TOM Mecre ll0MemalOTCll HeiiTpoHoo6pa3JIOinal! MHmeHL II Chiphe .llllll 

o6JiyqeHHll,B .llpyroM Hax0.llllTCll BLIC0K0'laCT0THLle pe30HaTOpLI ,ll/Ill K0MlleHCanHH H0HH3anH-

0HHLIX noTepL )HeprHH B MHWeHH. Pa1MemeHHe~ MHWeHH-B MecTe, r,lle aMUJIHTJ.llHLle <l>YHK

Illlll HMelOT MHHIIMJM, J.llaeTCll cymecTBeHHO CHll3llTL TeMn pocTa pa3MepoB nyqKa 3a C'leT 

KJJIOH0BCK0ro paccel!Hllll B Heii .lleiiTpoHOB. 

Ilonepe•rnui1 pa3Mep BaKYYMHOii KaMepLI BL1611paeTCll HCX0.llll 113 ,ll0ilJCTHMLIX ll0TepL Ha

K0UJieHHI,IX ,lleiiTpOHOB Ha CTeHKax, B03HHKalOinllX 1a cqeT MHoro- ll <>.nH0KpaTHoro KJJIOHOB

CKoro paccellHHll ,lleiiTpoHOB B 11,IHIIleHH: npn pacqere Il0TepL J'lllTLIBaJICll pa3BaJI .neiiTpoHOB, 

COilpoBOlK,llalOmHiiCll BLIX0,ll0M 11eiiTpOHOB. 

BepTIIKaJILHLlii pa1Mep nyqKa onpe.!lt'JilleTCll T0l!LK0 MH0roKpaTHLIM paccellHHeM .!lt'iiTpo

H0B B 11,mmeHH. IloJIHLlii BLIX0,ll 11eiiTpoHOB ll3 MHmeHH onpe,lleJIJleTCll HaKOIIJieHHLIM T0KOM 

.lleiiTpOH0B, TOJ!InHHOii MIIIIleHH II ceqeHifeM ll,llepHUX B3aIIMO.lleiicTBHii. 

I. 
~n = 1.-5-up, 

q 
(4) 

r ,!le q = 1, 6 . 10-19 K)"JIOHa ' 1apl1.ll ,lleiiTpoHa. <l>aKTOp 1,!j yqlJTLIBaeT BKJia,ll B HeiiTpOHHLIH 

Il0T0K HeiiTpOHOB ll1 ll,llep MIIUieHII. 

OrpaHH'leHHe Ha npoH3Be,lleHHe In • p B03HHKal'T 110 .ll0ilJCTHMOMy iiarpeBy OT llOHll3anH

OHHl,IX noTepL )Heprllll a MHilleHH, OTBQ!l Tenna llB.'JlleTCll ('JIO:drnoii TeXHHqecKoii npo6JieMoii • 

PeqL Il.lleT b M0IIJHOCTJIX nopll.llKa HeCKOJILKIIX ,llecl!TKOB MBT. Ilpe,llJIOlKeHO HeCKOJILK0 Bapll

aHTOB Ko11cTpyKn1111 MllilleHII. O.llHaKO BO acex CJJJ'lal!X MHIIleHL itoJIJKHa 6LITL .llBHlKJinaJICll, 

qro6lJ ll36e:.KaTL ee pa1py1I1eHllll 110.ll nyqKOM ,lleHTpoHOB. flpoaHaJIH3HpoBaHLI TBep,lll,Ie ( yrne

po,llHal!,6ep11.'1.'1eBal!) 11 'ra10saJ1 ( .lleiiTepnearui) MIIWeHH. 

Han6o.,ee HJBeCTHl,Ie K0HCTpyKITHH ra30BJ,IX MIIIIleHeii HMeJOT MexaHll'leCKlle 0KHa, OT.Ile-, 

.:JlllOinHe pa6oqy10 cpeey OT BaKyyMa ycKopnTe.!lll. OKHa BUll0.'lHll!OTCll, KaK npaBIIJIO, B BIi.ile' 

CTaJILHoii 3a,llB11lKKH (4>on1,rn), no.naeplKeHuoii HHTeHCHBHOMY o6nyqeHHJO 3aplllKeHHLIX 11a

cT11n, llO)TO~IY 1pe6yeTCll perynllpHal! 3aMeHa OKHa qepe1 HeCKOJILKO qacoB llJill C)'TOK pa6oTLI 

B 3aBHCIIMOCTII OT BeJill'lllHLI T0Ka nyqKa, 3Hepr1111 II BIi.ila Ha..'!eTalOmHX 3apl!lKeHHJ,IX '!aCTllil, 

a TaKlKe pelKHMa pa6oTJ,I YCTaHOBKII.B 111BeCTHl,IX KOHCTpyKilll~X MHilleHeii 6e3 MexaHll'leCKIIX 

0K0H Tpe6ylOTCll tic>JILWlle.3aTpaTU MOinHOCTII na OTKaqKy ra1a 113 JCKOpHTeJill.: 

')Ty TpJ.llHOCTL M0lKH0 111aqnTeJILH0 yMeHLWIITL, ec.'111 IICllOJIL10BaTL ra30.lll!HaMllqecKHii 

CilOCOO "3an11paHllll" OKHa C llOMOinLIO CBe!)XlBYK0BOro Il0TOKa 113 He,llopacnmpeHm>rO c~n;ia 

Jlasanl! c ne11Tpa.TLHUM TenoM. 

CyTL ra10,ll1111a~mqecKoro "1annpaH11ll" cocToHT B TOM, qTo6U 6e1 neperopo,llKH He 110-

nycTIITL npOHHKH0BeHHll MO.'leKy.1 ra1a MnmeHII B ;JJIHIIIO ycKopnTe.lll • 'JTo .llOCTlllaercll 

<jlopMuposan11eM B o6.,aCTII 0K!la ycKop11Te.lll onpe,lle.'!eHHOro caepX3BJK0BOro IT0T0Ka, napa

~leTpl,I K0T0poro 3aBIICll1 OT reoMeTpIIII con.la, po.Ila ra1a, ,llaB.'leHllll,B ~111me1111 ~TK0pl!Te;Jll II 

11aB.'Jf'Hllll T0pM0lKf'Hllll Ha axo.ne. 

~ 
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Ilp11 opraHH3aUH11 Te'leHllll B 0KpecTHOCTII 0KHa M11meH11 Ilpe.llllaraeTCll ocymecTBJillTL 

ropueooii Il0,llBOJl r;na C o6o11x K0Hil0B UIIJIIIH,llpll'lecKoii KaMepLI MIIWeHII qepe3 He,nopacmn

peHHoe COHJI0 JlaBaJIJI C neHTpaJILHLIM TeJIOM. Ilp11 3TOM JlOCTllraeTCll He TOJILKO 3'1>4>eKTHBI1oe 

OXJialK.neHne Il0JlB()JlllMOro ra1a B pacmnplllOineMCll CBepX3BJKOBOM ll0TOKe, KaK 3TO nponcxo

JlllT 8 001,I'IHl,IX COIIJiax JlaBaJill, HO 'ITO CaMoe I'Jia»Hoe ll "3an11pan11e" 0K!la Ml!WeHII, T.e. 

0T.lleneH11e 30HJ,I IIOHl!lKeHHoro .naBJieHllll"B KaMepe MllilleHII. TaKoe "3anupanHe" B03M0:lKH0 

TOJILK0 np11 onpe.neneHHl,IX JCJI0BllllX opraHH3aUHII reqeHllll ra3a- ll COOTBeTCTBJIOmeii eMy 

reo11.1eTp11H conna. 

B pe3JJILTaTe npoae.ne11Horo pac'leTa JlJill conna paccqHTanHoro .llllll 'IHCJia Maxa Ha BLI

xo.nHoii KpoMKe M = 5, ll0KaJaHo, "ITO np11 IICUOJIL30BaHHII I'a30.llllHaMHqecKoro "3an11paH11ll" 

0KHa MllilleHH ,llOJlll :yTe'IKII ra3a B JIHHIIIO YCK0pllTeJill COCTaBHT np116nl1311TenLHO 1,5% OT 

o6mero pacXo,lla ra3a qepe3 conno, qro HaXOJlllTCll B COOTBeTCTBIIII C OIILITHLIMll_,llaHHLIMH ll 

3HaqHTeJILH0 MeHLille Be/Ill'IHH JTe'IKll B KOHCTPYKilllllX, pa6oTa10mnx.6e3 "3an11paH11.11" OK

Ha. IlMy11eHHUii pe3JJILTaT o6ocHOBUBaeT B03M0:lKHOCTL 3Ha'IHTeJILHoro yMeHLilleHnll 3aTpaT 

M0inHOCTH Ha OTKaqKJ raJa 113 JIHHIIH ycK0pllTenll. 

TeIIJIOBaJI cxeMa ycTaH0BKH BKJII<>'laeT B KaqecTBe 00ll3aTeJILHOro o6opy.noBaHl!ll CHCTeMy 

MHorocTyneH'laTux KoMnpeccopoa Mll cJKaTnll oxnaJK.neHHoro ra1a. Ilocne.nnee Heo6XO.lll!Mo 

,ll.'lll llOBTOpHoro ero BBOJla B MllmeHL ll 30HY peaKUllH. Ilo TaKOH cxeMe llpe,llJiaraeTCll ero 

· nnpKJJillilllll a KOHType. IlapaMeTpLI nupKynHpy10mero _ ra1a nepe.ll H 3a nepeq11:CJieHHLIM11 

)JieMeHTaMH o6opy.noaaHllll 6y.llyT onpe.neJillTLCll ero 4>1131111eCKIIMll xapaKTep11CTl!KaMH, pac

XQ!lOM, JCJIOBllllMH pacmnpeHHll B csepxasyKOBOM noroKe, coi:rpoT11BJieH~eM TeIIJioo6MeHHHKa, 

napweTpaM11 su6paHHUX ra30JlYBKII H 'KOMnp~copoB; K He.nocTaTKaM · HcnonL30BaHHll ra-

1a B Ka11ecTae pa6o11ero Tena 0THOCHTCll yseJIH'leHne ~omi!ocTn Ha nepe~a1111BaH~e,_ra1a H 

6on1,m11e OO'LeMJ,I ra10ooro KOHT)'pa, Hanp11Mep, Jl/Ill conpeMeHHLIX A8C C ra10B1>i¥ .ermo

Hci<;HTeneM paCX0.ll M0IUH0CTII Ha nupKyJillnHIO ra3a s nepBOM K0HType COCTaBJilleT_6--10% OT 

o6meii 11,mmHocTH A8C, B TO speM.11 KaK .II/Ill A8C c B<>.nHLIM rennoHocHTeneM 2--4% • 

TpeT1>J1 rnasa rrocallmeHa Me30KaTaJIIITnqecKoMy rn6pll.llHoMy peaKropy c TOIIJIIIBOM Ha 

OCH0Be ypaHa ll TOpllll. 

B 1980 r. B paMKax paccMoTpeHHll npo6JieM ::mepro3aTpaT Ha ocymecTBJieHl!e cHHTeaa, 

KaTanll3HpOBaHHoro MIOOHaMH, 6uno BnepBLle Il0KaJaHo, qro llCIIOJIL30BaHHe o6pa1y10mHXCll 

np11 )TOM HeiiTpoHOB B pMMHO:lKalOineM MaHKe Te .llllll Hapa6oTKH BTOpll'IH0ro ll.llepHoro ro

p10qero C II0CJle,llJIOmuM ero BLl:lKHraHlleM B TeIIJI0BLIX peaKTOpax Il03BOJ!lle'I; cymecTBeHH0 

npeaucnTL 3Hepro3aTpaTu Ha npo113BOJlCTl30 MIOOH0B. Ha 3TOii ocHose IleTpoBLIM IO.B. 6una 

npe.nnolKeHa nepsal! K0Hnenn11ll MKr P , o6oe.n11HJ110ma.v: Tpn ll.llepHLIX -r:exnonorHn: ycKop11-

TeJILHY10 (o6pa30saH11e 11'-Me30H0B nocpe.ncTBOM BLICOKOOHepreTH'lecKoro ll.llpo-ll,llepH0ro B3a

llM<>.neiicTB11ll), TeXHl1JIOrlllO CHHTe3a(KaTaJill3 peaKL\llll CllHTe3a MIOOHaMn, o6pa30BaBillllMHCll 

B pe3yJILTaTe pacna,lla 11'- - Me30HOB) II peaK1'opHyi6''reXHOJIOI'IIIO. 

8'1>4>eKTIIBHOCTL IlllOH006pa30BaHHll, T.Ei. BLIXOJl OTpHnaTeJILHLIX 11'--Me30H0B Ha <>.nllH nep

Bll'IHJ,IH .neiiTpoH J\.IOlKH0 onpe.nenHTL, BOCIIOJIL30BaBillllCL CIICTeMaTll3anlleii pe3JJILTaT0B pac

qeroB, BJ,IIIOJIHeHHl,IX pa31IH'IHJ,IMH rpynnaMH. OKa3LIBaeTCll, 'ITO 3aTpaTJ,I :meprllll Ha no

JIJ'leHHC 0.llH0ro OTpHnaTeJILH0ro IIII0Ha, pacc1111TaHHL1e no pa3HLIM M0,neJillM, Hax0.llllTCll B 

HHTepsane. 5, i + 6, 2 r3B/11'-. 8ro 03Ha11aeT, 11To Ha 0.llllH nepa1111HL1ii .neiiTpoH B n110Hoo6pa-

3y10meii M11meH11 MKrP polK.llaeTCll s cpe.nHeM 0,3 11' -Me10H0B. 

8'1>4>eKTnBHOCTL K0HBepCIIII 11'--Me30H0B B µ- -Me30HU, OCTaHaBJIHBaeMLIX B dt-cMecu, xa

paKTep1nyeTCll Benll'IIIHOii "'· = 0.6 + 0.8 
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B1,1rronHeHHble B Jioc-AnaMoce 3Kcrrep1IMeli:TbI, rrpoBe.neHHble np1I BblcoKoii nnOTHOCTII II 

HII3KOH TeMIIepaType ,11aJIII 150 ± 24 aKTOB CIIH1'e3a Ha 0,111IH MIOOH, 

8Kcnep1IMeHTaJibHble .naHHhle pa3HbIX rpynn no BepollTHOCTJIM npmmnaHIIJI II CTpJIXII

BaHIIJI MIOOHOB HecKOJlbKO He cornacyK>TCJI Me:lK.lzy co6oii II C TeOpeTH'IeCK
0

1IMII pac'IeTaMH 

(112,113]. BbIJIH npoBe.neHbl pac'IeTbI BepollTHOCTeii npnJI1IIIaH1IJ1 II cTpJ1X1IBaH1IJ1 MIOOHOB B 

Me3oaroMe He np1I ero TOpMo:lKeHIIII B D-T cMecn, ncciie.nosanac1, ponb pa3JIH'IHblx cToJIK

HOBIITeJihHbIX npoa;eccoB, npn ropMO:lKeHlllI. C TO'IKII 3peH1IJI onpe,11eneHIIJI 3cpct,eKTIIBHOCTII 

Hapa6oTKII sToplI'IHoro J1,11epHoro roproqero B 6naHKeTe MK'rP, Ba:lKHoe 3Ha'IeH1Ie IIMeeT .ne

TaJibHoe IICCJie.llOBaHIIe cneKTpa HeiiTpOHOB Ha BXO,l'.le ·B 6JiaHKeT. 

B Ka'IeCTBe pac'IeTHOH 6wia BblOpaHa M()JteJib CIIHTe3aTopa, Ilpe,11CTaBJIJIK>III~ro co6on: nn-

• mH.np IIJiH yce'IeHHblll KOHyc co cpe,11HIIM pa,.n1IycoM R = 10 CM II ,!1JIIIHOH 20-30 M '· 3anonHeH

Hblll .neiireplleso-TpHTIIeBon: cMecbK> o6beMoM V ~ 0.6 M3 ttp1I nnoTHOCTII N = 2.4 • 1022 CM-3 

H KoHneHTpanneii TPIITHJI C, ~ 0.3, onTIIMaJibHoli ,11JIJ1 KaTaJIII3a. 

Ilnll IICX0,11HOH HHct,opMan1m O Ce'IeIIIIJIX B3alIMO.neiiCTBIIJI HeiiTpoHOB C H30TOIIaMII B0,11opo.na 

IICIIOJib30Banllcb ct,aiinbl of(eHeHHblx HeiiTpoHHbIX .namibIX ENDF-B/IY, ENDL-2, BHAB-78, 

_a TaK:lKe ,l'.laHHbie'HeKoTOpbIX 3KCIIep1IMeHTaJ:lbHbIX paooT IIOCJle,11HHX JieT. IlplI pac'IeT.ax Y'<II

TblBaJIIICb cne.nyromHe rrponeccbl: 

L Ynpyroe pacte>1H1Ie Ha AApax .neiiTepHll n TpHTHJI. 

2. PeaKI(IIJI ( n, 2n) Ha .neiiTepHII H TPHTIIH. lfa-3a MaJIOH seJIII'IIIHbI IIHTerpaJibHbIX Ce'IeHHH 

He nplIHIIMaJiHCb BO BHllMaHne peaKUHII pa.n1Ian1IoHHOro 3axBaTa HeiiTpoHOB .neiiTeplieM II 

TPIITHeM·II peaKI(IIll (n,3n) Ha TpHTHll. 

HaMl! 6blJil! BbIIIOJilJeHI,'I pac'IeTbI OCHOBHbIX nponeccoB, npOIICX0,11JIIIIIIX npH B3al!M0,11eii

CTBl!ll BTOplI'IHbIX 'IaCTIII( (.nen:TpOHOB, npoToHOB II HeHTpoHOB)" C Be!IIeCTBOM pa3HbIX BapnaH

TOB 6JiaHKeTa MKrP H Bbl'IHCJieH BKJla,11 3JleKTpOll,11epHoro KaHana B 3HepreTH'IeCKHH 6aJiaHC 

MKrP. 

Mo.nen11pyJ1 nponeccbl B 6JiaHKeTe MKr P no cpe.nmrM 3HeprHJIM Brop11'IHbIX qacTnn, Mbl 

Iiony'IHM ,110CTOBepHbie HHTerpanbHble xaj:,aKTepHCTHKll HX B3allMo,neiicTBllll B 6naHKeTe. 

IlaJibHeiimee pa3B1ITHe H3JIOl'KeHHaJI MeTOJll!Ka pac'IeTa 6naHKeTa MKrP Ha ocnose .11aHHbIX 

0 Cpe,11HHX 3HeprHJIX II MHO:lKeCTBeHHOCTII BTOpH'IHbIX qacTHU,BbIJieTa10mnx II3 IIIIOH06pa3yro- . 

!lien: Ml!IIIeHif nony,nna IIplI pacqere Me3oKaTaJIHTH'IeCKOro peaKTopa C ropHellbIM TOIIJIHBOM 

II JllJ:THeBbIM TeIIJIOHOCHTeJleM. 

B c11ny cnol'KHOCTH 3KcnepnMeHTaJibHOro H3Y'<eHHJI J1.11epHo-<j>n3H'IecKnx xapaKTepllcTHK ' 

3JleKTpOJl.l1epHbIX ycTaHOBOK OCHOBHbIM IIHCTpyMeHTOM HCCJie,!10BaHIIll JIBJIJIK>TCJI pac'IeTHble 

nporpaMMhi, Mo.nennpyromne pa3BIITne BHyTpn- n Me:lK1.J1,11epHbIX Kacxa.ttHbIX npoa;eccos. 

Heo6X0,11HMbIM YCJIOBHeM B03MO:lKHOCTH IIX IICIIOJlb30BaHIIJI JIBJIJleTCJI TeCTllpOBKa Ha lJeMHO

ro'IHCJieHHbIX II3BeCTHblX 3Kcnep11MeHTax II cpaBHeHHe pe3yJibTaTOB, nony'IaeMbIX C l!CIIOJlb-

30BaHIIeM pa3JIH'IHbIX nporpaMM. B paMKax perneHiu 3Ton: 3a,11aq11 61,1nn npose.neHbI pacqeTbl 

rrpOTJl:lKeHHOH l(HJIIIH,11p1I'IecKOli '.Mnmemr ( ,11l!aMeTp 120 CM, ,!lJIHHa 100 CM) 113 MeTaJIJIH'feCKO

ro Top111I, o6nyqaeMOH rrpoTOHaMII C 3Hepr11eii 1 II 2 r3B. Pe3yJILTaTbI pac'IeTa B cpaBHeHIIll 

c xapaKTep11cT11KaM1I, rrony'IeHHblMll no rrporpaMMe HAMLET, rrpe.ncTaBJieHbI B Ta6n.3 • 

1 

~· 

Ta6n1Ina 3 

Pe3yJlbTaTbl pac'IeTa HeiiTpQHHOc-ct,H31I'IecK1IX xapaKTepnCTl!K Topnesoii MHIIIeHH 

(120x100cM), o6nyqaeMOll npoTOHaMn (HopMHpOBKa Ha 0,11HH nepall'IHblll rrpoTOH) 

XAPAKTEPHCTHKA 1 r3B 1 r3B 2 r3B 2 r3B 

HAMLET KACKAil HAMLET KACKAil 

3axBaT HeiiTpOHOB 38.76 41.20 76.35 79.3 

Y Te'IKa HeiiTpoHOB 3a 

npe.nenbl MnmeHn 10.92 9.86 22.87 18.5 

t.fnCJio .neneHnii Ha cTa- • 

.nnn HyKJIOH-Me30HHoro 

KacKa.na (HMK) - 3.94 4.04 7.76 7.62 

t.fnCJio HeiiTpOHOB C 3Hep-

rneii En ~ 10.5 M3B, creHe-

pnpoBaHHbIX Ha CTa.nnn 

HMK 45.24 45.63 90.48 89.24 

8Heprosbl,11eneHne r3B 

3a C'IeT: 

- n0Hn3annn - 0.49 - 0.79 

- .neneHHH En ?: 10.5M38 · - 0,63 - 1.27 

- .neneHnii En ~ 10.5 M3B - 0.24 - 0.49 

- rionHoe 1.5 1.37 2.85 2.56 

17 

Pe3JJlbTaTbI Mo.nennpoBaHHJI 3KcrrepnMeHTaJibHOll Topnesoii c6opKH (.nnaMeTp 18.28 CM, 

.nmrna 36.31 CM), 6oM6ap.n11pyeMoH rrpOTOHaMH C 3Hepr11eii 800 M3B rrpnBe.neHbI B Ta6;J.4. 

Ta6nnna 4 

Pe3yJILTaThl pacqeTa 3Kcnep11MeHTaJibHoii Top11esoii c6opxn 

XAPAKTEPHCTHKA 8KCIIEPHMEHT PACt.fET 

t.fncno napa6oTaHHbIX J1,11ep 

U - 233 1.25 1.30 

t.f11cno .neneH11ii 

Th - 232 1.56 i.62 

CTaTHC'~H'IeCKaJI norpemHoCTb rrony'IeHHbIX pe3ynLTaT0B ne rrpeBbIIIIaeT 10%. C y'IeTOM 

Toro, 'ITO 3Hept11J1 CHHTe3a E. cocTaBJIJieT 17,6 M38, Bblxo.n Tennosoii 3Heprnn cnHTeJa, HHH

nnnpyeMoro 0,11HHM OTpHIIaTeJibHbIM MIOOHOM, paBeH 3 r3B. 3aTpaTbI TeIIJIOBOH 3Hepnm Ha 
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nOJiy'leHne Ca.Moro p-Me30Ha c yqe-ro11,1·K.n • .n. npeo6pa30BaHllll TellJioBOii 3Heprnn B 3JieK-rpn

qecKyI<>, pasHoro. '7e=0,35, COCTaBJillI<>T 

e:,.- = 2T• ·= 52,6 I':,B (5) 
'10'1e'Pr-'P, µ-

TaKllM o6pa30M, .ne,pnrmi TellJIOBOH 3Heprnn COCTaBJilleT 50 r3B. IloKphlTHe 3TOro .ne<pnrmTa 

B03MO:l!(HO, eCJIH ncnOJib30BaTb HeiiTpoHhl CllHTe3a (E,, = 14, 1 M3B) .ltJill .neneHHJI-Ci,1:pbeBOro 

ll30TOna (238U) ll Hapa6oTKll nJIYTOHHll C nOCJienyIOIIUIM ero ~cnOJib30Bam1e11,1 B TenJIOBblX pe
aKTOpll.X. JfonoJIHHTeJibHblH BKJia.n ~Heprnn MO:lKHO noJiy'IHTb,eCJill llCilOJib30BaTb 70% 3Heprnn 

nyqKa, YHOCHMble nOCJie IlHOHOOOPaJYI<>meii MnmeHH MKr p BTOpll'IHhlMH qacTHUaMH (.neii

TpoHaMH,npoTOHaMn ll HeiiTpOHaMll BblCOKHX 3Heprnii), T.e. 3JieK-rpOJl.llepHbIH Killian. 

Y'leT BK~a.na HeiiTpOHOB CllHTe3a ll Hapa.6aTblBaeMOro HMll nJiyTOHHll, BblropaI<>mero s· Te

nJIOBhlX peaKTOpax, B 3BepreTn'l'.ecKnii 6anauc MKrP BhlnonBeH B pa6oTax IO.B.IleTpoBa. 

Pac'leThl IO.B.IleTposa noKa38JIH, 'ITO Bapa.60TKa nnyTOBHll n 'IHCJIO .neneBnii B 6JiaHKeTe HJ 

ecTeCTBeBBoro ypaua s pacqere Ha o.mm aKT CHHTeJa COCTaBJIJII<>T ~TBeTCTBeHBO e = 2, 7 
J!.11./cnBTeJ n 61 = 0,86 .neneBnii/cnHreJ. C Y'leTOM roro, 'ITO Bhlropaune 0,!lllOro ll.llpa nny

TOBHll B aKTllBHOH 30Be TenJIOBOro peaKTOpa ( C Y'leTOM Bapa.6oTKll mryTOBHll) .naeT Ip= 1, 7 
.neneBHH Ba ll.llpO Pu, OKaJLIBaeTCll, 'ITO. BeiiTpOBhl CHBTe3a, llBllIIRHpyeMble O.IIBHM OTpll

uaTeJibBblM llOBOM, no3BOJIJIIOT noJiyqllTb s· CllCTeMe, COCTOllmeii ll3 MKrP ll 4 renJIOBhlX 

peaKTOpoB TOH :iKe MOntBocTn, 170 r3B TemroBOii 3Beprnn n noxpbITb 3Bepmnqecmn .ne,pn

IIRT MI<>OHHOro }'aTaJI1!3a. 3neK-rpOJl.llepBbIH KaHaJI, BKJII<>'laI<>mHii B ce6JI TellJIOBbl.lleJieHHe ll 

uapa6oTKY nnyTOBllll B 6JiaBKeTe MKr p 3a C'leT peaKiun:ii, llHHIIRHpyeMbl~ BTOpR'IBbIMB qa

CTHUaMll BhlCOKllX 3BeprHH (.neHTpOHaMll, IlpOTOBaMll, ll BeiiTpOBaMH), o6pa3yI<>IItHMllCJI nocne 

npoXO:lK,neHHJI ny'IKOB nepBll'IBblX ,neHTpOBOB nHOBOOOpll.lyI<>nteii MllilleHH MKr p, n03BOJilleT 

.nonoJIHHTeJibBO yny'lillHTb 3HepreTH'l'.ecKnn 6anauc MKr P. 

B 3asepmemm .naBBOH rJiaBbl paccMOTpeBbl BOnpocu BJillllBllll BblCOKOOHepreTH'lecKHX qa

CTllll Ba KOHCTPYKIIROBBble MaTepllaJibl MKrP. 

Ocuosin,ie nospe:iK.nEmnll MaTepnan~B coa.naI<>Tcll noTOKOM BTopH'IHhlX BYKJIOHOB H3 Mnme

Hll ( COOTBomeHne Me:lK)ty OTHOCllTeJibBhlM KOJlll'leCTBOM npoTOBOB n BeiiTpoBOB ~0.4-0.8), 
nocKOJlbKY HX MBO:lKecTBeBBOCTb npeBblmaeT MBO:lKecTBeHHOCTb -Me30HOB npnMepHO B 5 pa3, 

KpoMe TOro nporoBHble ce'l'.eHHll cMemeHnll u';/ (= ynpyroro Kauana) npesblmaI<>T B 6-10 pa3 

BeJIH'IHHhl u';/ .ltJill lf-Me30HOB B .nnana30He 3Heprnii 1-500 M:iB • 

Ilpn pacqere nospe:lK.ltaI<>nteii .no'Jhl HopMnposaHHhle Ha _)I0JIHb!H noToK cneKTphl HYKJIOHOB 

ll ycpe.nl!eHHhle no nJIOllll!Jlll MnmeBn cny:lKHJIH .IIJill Bbl'IHCJieHnll .nmM>epeHUllaJibHOH no 3Hep

rnH nJIOTHOCTll noTOKa qacTHU, pacnpocTpaHllI<>mHXCJI B .llaHHOM HanpaBJieHnn, ll cyMMapHoii 

no HanpasneHHllM nnoTHOCTB nOTOKa .n~ll paccMaTpnsae11,1on TO'IKB npocTpaHCTBa. Pac<ieT 

nospe:iK.naI<>IUeii .1103bl ,nJIJI npoTOHOB H HeHTpOHOB ocymecTBJIJIJICJI OT.lleJibHO, 

IIony'leHHble pelyJibTaTbl cim.neTeJibCTBYI<>T O 3Ba'IHTeJibHblX pa.nnaunoHBhlX Harpy3Kax, 

IICnhlThlBaeMblX :idaTepllaJiaMII MKrP. . '-, 

B "l:eTsepTOH rnaBe onncauu Mo.nen11 .IIJill pacqeTa ceqeH11n: c11,1emeH11J1 n ll.llepHhlx peaK

u11n: npn 3Heprnllx 6onbme 10 M3B. 

Bb16op Ton: nnn IIHOH Mo.nenn J1.11epHhlX peaKnan: He .noJI:lKeH coJ.naBaTb 3Ha'IIITeJibHhlX 

Bbl'IIICJIIITeJibHblX Tpy,nHOCTell (B 2m-.nmM>epeHUllaJibHble ce'leHIIJI peaKUllll II T(E,n)) 11 

.noJI:lKeH o6ecneq11saTb la,naHBYI<> TO'IHOCTb .IIJill nonyqae11,1hlx · ceqeHnii. Mo.nenl!MII, y.noBJie

TBOpllI<>IUIIMll YKaJaHHblM TpeOOBaHllllM, JIBJIJll()TCJI «j>eHOMeHOJIOrll'leCKlle npe.npaBHOBeCHO -

3KCHTOHHble Mo.nenn (II3M) 11 MO.lteJib BHYTPllll.llepHoro KacKa.na (MBK). 
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OcuoBHblf' no.lOlt.f'Hllll np,-n aBHOBf'CH(,-'}KC'lllOIIHOil ~I0}lf'.111 6hLlll c(j>opMy.·mpoBaHbl fpmj>-

11>11110~1. Ilpc.npaBHOBf'CHall ')KC! Ottttall ~IO}ll'.lb OCII0Batta Ha npe.ncTaB..'Il'Hlllf O TOM. •rro npouecc 

Blal!~IO.Llf'licTBIIJI tta.1eTa1omei, laCTllllhl C ll.11))0~1 ocrmecTB..'Illl'TCJI noq,e.nCTBOM cepnn Cl\,Jf'Hll

I<>IUIIX .nprr .npyra qaCTll'IHO - .llb!J>O'IHblX COCTOllHUii. o6pa1yI<>IUHXCJI, B J>t'lY.:JbTaTe .nsrx

qaCTJ!'IHblX s1a11Mo.neiicTBllii B016yl!i.Llt'IIHJ,IX '!aCTl!ll C OCTa-'IbllJ,IMlf 'laCTl!Ua~m ll.llpa. Ilpn 

'JTOM BJ,l,l<'T qacrnu In ll.npa 113 Kal!..noro JKCHTOlll!OfO COCTOlilll!ll nponcxo.nnT C Ht'KOTopoii 

Bf'p0llTHOCTbI<>. 3aBUCJIIUt'H OT 'lllC,'Ia 3KCIITOHOB. TUUa '!aCTJ!(lJ,I II 'Jtteprnu BOWYlli.llf'Hllll. ')so

olI<>Ullll Bf'p0JIT1!0Cpl 3ace.'If'HHOCTH ')KCHTOHHJ,IX COCTOJIHHii BO BJ>f'Mf'Hll OUllCblBaf'TCJI CllCTf'MOH 

KHHt'Tll'lf'CKHX ypas11e1111ii. 

B o61ueM BH.nt'. atta.lUTll'lt'CKoe pelllf'Hllt' Cl!CTf'Mbl Kl!Ht'Tll'lf'CKl!X ypaBHt'Bl!H .naeT BJ,IpaJKe-

Hilt' .ltJill .nmj>ij>epeHUl!a.lbHOfO Cf''lf'Hllll npf'.npaBIIOBf'CH0fO BJ,I.lt'Ta '!aCTHUbl Tnna :r C 'JH<'prneii 

e (duP" /de:,.) c.'Ie.nyI<>mero s11.na: 

duP'' n .. 
-;r:- = <Ta L Wr(n. E.c:,.)r(n. E)D(n). 

Cr An=2.no=3 

(6) 

r.ne n = p + h - ,qlfrno lKCllTOHOB (p - 'IHC/lo B036y&JteH~J,IX ~acTHU, h - 'IHCJio .llhlpoK), E -
3Heprnll BOWYlK.llf'llllll, OTC'll!TaHHall or·ypoBHll <l>epMH, <Ta ~ ceqem1e pea.KUHR. lVr CKOJ>OCTb 

'JMl!CCHI!, :r-'!aCTHllbl, r. :-- cpe.nnee BJ>f'Mll npe6b!BaHl!ll ll.llpa B n - lKCl!TOHHOM COCTOJIHHII, D( n) 

•· «j>aKTop "o61,e.n11HeH11J1". onHCJ,IBaI<>IUIIn: )'],l<"Hhlllt'HH<" sepol!THOCT~ HaxO:lK)leHHll cncreMbl 

B n-JKCHTOHHOM COCTOJIHllH . 3a C'lf'T Bb!JJeTa '!aCTHil 113 ll.llpa B npe.zu,mymnx_. '.IKCHTOHHJ,IX 

cocrollHHllX, n0 = 3 - na'laJibHoe '!BCJIO lKCHTOH0B , coo~se;cTBYIOIUee KOH(j>nrypaun11 2plh. 

Ilpn lTOM CKOp0CTb 3Ml!CCllH onHCJ,IBaeTCJI CJif',L\yI<>IUl!M ?5pa30M .; 

Wr(n,E,er) = (2Sr f 1)(,r2fi3)- 1 Prer~invRrW(p- 1, h, U)(w(p, h, E)J-1, (7) 

r.ne er - 3Heprnll oopalyI<>IUei!cll X-'!aCTllllbl B c. u. ll. , Sr - cnnH '!aCTHUJ,I, µr - npnse.neHHall 

Macca, <Tinv - Ce'!t'HHe o6paTHOli peaKUHH, Br - K034>«l>HI1RCHT npHroTOBJieHllll X-'laCTHUJ,I, 

w - IlJIOTHOCTb qaCTH'IHO-.llblp0'1HblX COCTOJIHIIH, U = E - f:r - Br - jHepr'nll B036y:lK.lteHBll 

OCTaTO'IHOro J1.11pa, Br - JHeprnll CBlllH x-qacTnUJ,I. ' 

BJ,Ipa:lKeHl!ll (6) n (7) onBCJ,IBaI<>T npe.npaBHOBeCH0-3KCHTOHHYIOMO.lleJib B TaK Ha3blBaeMOH 

~3aMKHyTOii:" (j>opMe, wnpoKo 11cnOJib3yeMyI<> B npaKTH'lecKHX npHJIO:lKeHBJIX;; 

3a 30 JieT C03.llaHHJI Il:)M 6J,IJIH pa3pa6oTaHbl pa3JIH'IHJ,Ie MO.llll(j>HKaJIHll npe,npaBHOBeCHhlX 

3KCHTOHHblX_ Mo.neneft. Ha1160Jiee nonynllpHoii, aJibTepHaTHBHOH no OTHOmeHnI<> K 3KCHTOHHOH 

MO,neJIH B 3aMKHYTOH (j>ot>Me, JIBJIJleTCJI rn6pH.nHal! JKCllTOHHal! MQ!leJib C yqeTOM reoMeTpllH 

(GOH), npe.ztJio:iKeHHal! DJiaHHOM. 

; . .lIJill 001,JICHeHllll aHOMaJibHOro YBeJIH'!eHl!ll .ltJIHHbl CBOOO.IIHOro npo6era HYKJJOHOB B ll.llpe 

.. :npn .IIOCTH:lKeHllll ,COOTBeTCTBllll pe3yJibTaTOB, nony'!eHHJ,IX s' paMKax 3TOH M<>.neJIH, 3Kcnepn

MeHTaJibHb!M .naHHJ,IM, EnauH npe.ztJIO:lKHJJ rn6pn.nHyI<> Mo,neJJb c y'leTOM reoMeTp1111 GOH. B 

GOH M<>.neJIII npe.nnOJiaraJIOCb, '!TO Ka:lK.ltal! napUl!aJibHall BOiIHa 'sxo.nnoro KaHaJia Bb!Jb!BaeT 

peaKIIRI<> B KpyroBOn: o6JiacTH ll.llJ>a TOJimHHOH ,\' C pa.nnycoM, onpe,neJIJ1eMblM ·napaMeTpoM 

coy.napeuHl!. Ilpn 3TOM npeHe6peraeTcll c«j>ep11qecKon: cnMMeTpneii 3a.na<in n: .nn«l>4>y311en: B03-

6y:lK.lteHHhlX qacTHil n ,nJ,IpOK Me:lK.ltY pa3JIH'IHJ,IMB o6nacTJIMH ll.llJ>.a. B MO.lteJIH Y'IHTbl:BaeTCll 

3aBHCHMOCTb .ltJIHHJ,I CBOOO.nHoro npo6era HYKJJouos H 0,!lllO'laCTll'IH0ii mroTHOCTH (j>epMH-raJa 

OT nJIOTHOCTH ll.llpa. YKa.3aHHal! MO.lleJib peaJIH30BaBBa DJlaJJHOM II COaBTOpaMn B nporpaMMe 

ALICE, mnpoKo ncnOJib3YeMon: npn npose.neH11n pa3JIH'IBb!X J1.11epBo-(j>H3H'lecKHX pac'!eTOB. 
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fl.111 0IT11CaH11ll JHepre;rll'-!<'CKHX II yrJI0BblX CIT<'KTp0B BT0PH'llll.IX <JaCTl!U B lllt<'J>HblX pr

aKUl!llX 6w.,a npe.ll:T0lKPHa TaKlKI' "yamjlIIUHpoeaHHall )KCIIT0HHall M0l{f'.1b, ,aET0j)Ll KOTOJ)OII 

IIOIT!,ITaJilffb t,;pl!Tl!'leCKII nepenroTpeTb 0CHOBHoe npennoJIOlKPHHf' Il')l\I O paenoerpOllTHO· 

nn ecex i,;omjmrypaunfl £ naa111,1M 'lnrnoM JKCHTOHoe II ncno.1b1oaa.111 peKyppearnhli1 cnoco6 

Bbl'IIIC.'!eHHll aepol!THOCTH HaXOlKiteHHJI ayi,;noaoa B JanaHH0M C0CTOIIHHH. Pe3JJibTaTbl pac<i-c·

TOB )HPprPTH'IPCl,;HX CIIeKTpoB no ·nmi MOl{f'JIH OK33aJIHCb 6JIH3KHMH K 3Ha'IPHHJIM, IT0.'.l)''l('J;

Hf,IM no rn6pH.lIHOH M0l{('JII! H no M0l{eJIH B "1aMKHyToli" <f>opMe, 0.lIHaKO npn cy'mecTBeHHOM 

ycno~nemm aJiropHTMa 81,l'IHCJJPHHii. CJie.llyeT OTMeTHTb TaKJKe pa1pa6oraaay10 fyitHMOJi II 

Toneea1,1M caoeo6pa1ay10 "r116pH.lIHy10" MOl{eJib, B KOTopoli nepeall CTa.lIHJI peaKUHH OITH(!,IBa

eTCJI no MoiteJIH eayTpnllltepaoro KacKana, a cneny10mne CTaitllH paccMaTpnea10TcJ1 e paMKax 

1KCIITOHHOH M0iteJIH, 

IlocJie ycnemaoro HCII0Jib3oeaanll Il3M itilll onncaan11 ayKno11111,1x ,aepreTn'leCKHX cneK:

Tpoa 6ml C03l{aH plllt MO.lleJiell, 0ITIIC!,IBalOIUl!X npe.llpaBHOBeCHJIO 3MHCCHIO CJI0lKHblX qa~Tni{ 

1!3 B036JJK.lleaa1,1x llltep. Onaoii 1!3 nepeb!X 61,1J1a MQ!leJib npnroToBJJeHH1,1x KJiacTepoa. Ee aeTo

p1,1 MHJianuo • KoJIJIII II Bparo • MapKaJ1aa, npennoJIOJKHJ111, 'ITo a JII06oM ll.llpe, aaxonJ11UeMc11 

B OCHOBHOM COCTOJIHIIII, C HeKOTopoii eepOllTHOCTblO np11cyTCTBJIOT "np11roToBJJeHH!,1e" am,· 

'$a· KJiacTepbl, IIpll'leM aepollTHOCTb l!X o6pa30eaHHll paaaa eepollTHOCTI! HX HaXOJKiteHl!ll B 

Bo36YlKlteHHOM cocTollHHI! llltpa npn B3aUMonelinenn c llltpOM nanaiomeii qacT11u1,1, Aiib<J,a

tJacTnua "np11roTOBJJeHHa11" e mpe, npH nepenaqe eil ao36yJKiteH11J1 paccMaTp11aaeTcll e :noii 

MO.lleJIH KaK O.lIIIH 3KCIITOH. 

MccJienoeaa11eM Mo.lleiIH "npnroToBJJeHHblX KJiacTepoe"aKTl!BHO 3aHHMaJiacb rpynna fa

.lll!OJIU. B paMKax )TOH MO.lleJin Y.llaJIOCb .lIOCTl!'lb xopomero corJiaCHll C 3KCIIepl!MeHTaJILHblMII 

naHHblMH IIpH,Oill!CaHl!H 3HepreTH'leCKIIX ClleKTJ>OB.aJIL<f>a-tJaCTHU. OnHaKo, KaK
0

0TM~tJMOCb 

B pll.i(e pa6oT, :na M0ite/Ib IIMeeT onpeneJieHHble He.lIOCTaTKII: 

- IIOJIJtJeHHall aepoiiTHOCTh nparoToBJJeHHJI O·tJILCTIIU OKalaJiaCh CJIHWKOM 6i>JI1,moii; 

- onacaane BHJTPHlll{ep!I!,1X nepexonoe KaK pe1yJibTaTa HYKJIOH-HYKJIOHHoro II HJKJIOH·O· 

'laCTHtJHoro B3al!MQ11eiicTBHll B Jlltpe He npe.lICTaBJJJ1eTCll KoppeKTH!,IMj . 

- He onpaenaHo npenuoJioJKeHne o paBHoli eepollTHOCTII naxo:lK.lleH11J1 aJib<f>a:KJiacTepa B 

ao36ylKl{elIHOM COCTOJIHHH Jl.llpa H ero o6pa30Baal!Jlj 

- B paMKax yKa3aHHoli MO.lleJ111 HeJih3ll ounc1,1aaTL 3MHcc1110.npyrax CJIOJKH!,IX qacTau, 

HaIIpHMep, neiiTOHOBj 

- COBIIaiteHHe K004>$1!UlleHTOB IIplll'OTOBJleHIIJI O·'laCTIIU, HaliiteHH!,IX H3 aHaJIHJa 3KCIIepn• 

MeHTaJibH!,IX CIIeKTpoa Jll{epH!,IX peaKUHli II naHH!,IX IIO o-pacuany Jll{ep oKa3aJIOCh CJIY'laJiH!,IM 

113·3a HCll0Jlb30BaaHJI lip!! cpaaHeHl!ll pa3i111'1HblX O.lIHO'laCTH'IH!,IX IIJIOTHOCTeii. llpyroii MO.lie- . 

JlhlO npenpaenoeecHoro o6pa3oBaHHll CJIOlKH!,IX qacTHU llBHJiaCL MQ!leJib KMh6ax, 4a KOTOpoil 

3MHCCHll CJIOJKHOH 'laCTl!Uhl OIIl!C!,IBaeTCll Ha OCHOBaHl!I! Ilp!!HUHila iteTaJihHOl'O 6aJiaHCa, IIpl!· 

MeHeHHoro K pacnanaiomeMycll u lmHetJaoMy llltJ>Y c am1ereemeii qacTuueii:. . 

HeKoppeKTHOCTh IICIIOJIL30BaHHJI npummna .lleTaJihHOl'O 6aJiaHca K YKaJaHHOii: B!,IIIIe Cl!· 

CTeMe 6blJia IIOK.a3aHa P116aHCKllM H 06JioJKl!HCKIIM, pa1pa6oTaam11Mll TaK Ha3h!BaeMy10 KO

aJiecneHTHJIO MO.lleJIL 3MllCCll CJIOJKHhlX qac-ruU ll3 Jll{ep. KOaJieCUeHTHall MO.ll('Jlh 'OKaJaJiaCh 

cao6o.l1Hoii: OT MHorux ~a6ux CT0poH MO,neml upnroTOBJieHHhIX KJlaCTepoe, 0,nHaKO O.!IHHM 1!3 

ee He.D.OCTaTKOB JIBJlllJIOCh Ilpe,lUlOIIOJKeHl!e O He3aBl!CllMOCTll K034>$11UHeHTa IIpHroTOBJleHl!JI 

CJIOJKHOH tJaCTHULl 16 OT 3Heprnu eo36y:lK.lleHHJI, 

Ilpoae,nenuue pac'leT1,1 noKaJ1,1aa10T, 'ITO ru6pll.lIHal! MQ!leJih, coe.lll!lienna11 c KoaJiecuent'• 

HOH MO.llellhlO xopomo onucbleaeT :lKCIIepuMeHTaJihHble cneKTphl O • 'laCTllU B Jll{epn1,1x peaK-
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llllllX lip!! npoMeJKyTO'IH!,IX 3HeprHJIX, PacC'lllTaHHble B paMKaX YKMaHHblX MOiteJieli <f>YHKUHH 

eo36yJKiteHIIll peaKUllH TaKJKe corJiacy10TCll C 3KCIIepnMeHTaJibliblMI! )laHH!,IMll, 

0THOCIITeJihHall upoCTOTa paccMOTpeHHOro IIQ!IXOl{a K pac'leTy npenpaaHOBeCH!,IX CIIeK

TpOB O • 'laCTl!U OTKp!,1BaeT IllllpOKlle 803MOJKHOCTll ero IICIIO/Ih30BaHHJI B. KOMIIhlOTepH!,IX 

nporpaMMax, OCHOBaHH!,IX Ha r116plll{HOll 3KCHTOIIHOH MO.lleJIH. 

Mo.neJih BHJTpumepuoro KacKana(MBK), ocnoaaHHall Ha KBMHKJiaccuqecKoM ou11caH14" 

ltBHJKea1111 uyKnoaoe BHYTPH llltpa, o6JianaeT pllltoM JaMe'laTeJihHhIX ceoiicTa: MBK MolKeT 

llCIIOJlb30BaTbCJI upu KJiaCCll'leCKIIX, PeJillTHBllCTCKllX II y11LTpapeJIJ1TllBIICTCKIIX 3HeprlillX nar

ltalOIUIIX qaCTl!Uj MQ!leJib ll03BO/llleT B!,l'JllC/lllTh. 3HepreTl!'lecKl!e cIIeKTphl II yrJIOB!,le pac

npeneneHHJI BTOpll'IHhIX qacTuU, a1,111eT.a.ioumx 113 llltpa:MBK, 1 qpa_KTl!'lecKn He cQ!leplKHT 

cj>eH0MeH01IOruqeCKIIX uapaMeTpOBjC noMOIULIO MBK ynaeTCJI xopomo BOCIIpOll3BQ!IHTb 3KC· 

nep11MeHTaJihH!,le .llaHH!,le(unTerpaJihH!,le I! nu4>$epeHUHaJlhH!,le ceqeHl!ll, MHOJKeCTBeHHOCTL 

'laCTHU);nporpaMMf,l l{Jlll 3BM, OCHOBaHHLle Ha MBK o6J1aµa10T l{OBOJIJ,IIO BblCOKIIM 61,1cTpO

neii:CTBHeM. 

YKa1anH1,1e caoiicTea .ne11a10T MBK c yqeTOM om1caH11il pacnana eo36JJKiteHn1,1x mep 

YllOOHOll MQ!leJiblO l{JIJI pacqe_TOB IIHTerpaJihHblX xapaKTepucTHK B3al!MQ!leiicTBJIO!UllX qa

CTl!U C mpaMH-HYKIIOHH!,IX ceqeauii CMf:!UeHIIJI l{/111 aeyupyrnx KaHaJIOB B w11poKOM ,n11ana10He 

3HeprHil. 

HccJienoaaHuIO MBK IIOCBJ11UeHo 6oJihmoe 'IHCJio PilOOT, BblIIOJIHeHH!,IX B nameli ~TpaHe 11 

3a py6eJKoM. Ilpu BhICOKIIX u ceepXBblCOKIIX 3aepr11J1X MBK pa3pa6aTb1BaJiac1, B pll.lle pa6oT, 

upu cpe.nH11x I! Bh!COKIIX 3Hepr1111x. Ilp11 .lIOIIOJIHeHIIII MBK MQ!leJihlO, on11cL1Ba10meii 3BOJ1Io

nu10 lll{pa IIOCJ!e KaCKal{HOll CTaitHn: B3allMQ!leHCTBIIJI ( oco6eHHO, KaK 3TO Cl{eJiaHO B pa6oTe 

nyTeM BKJIK>'leHHJI B pacqeTHJIO nporpaMMY MO.lIYIIJI, onncblBaIO!Uel'O npe.npaBHOBeCHhlll pac

uau Jl.llpa II ncuapeuue qacTHU ll3 eo36yJKlteHHh!X mep )npeneJI cneuraeTcJI e CTopouy MeHbIIIHX 

3Hepruli 3a C'leT, B tJaCTHOCTII, yBeJiaqeHl!JI l{Oilll ncuapnTeJILHOH KOMilOHeHTbl B Ce'leHllllX lip!! 

yMeHbIIIeHHII uepBOHa'laJihHOH 3Hepran, BHOCHMOll B mpo. 

HaMu 6hlJIO noKaJaHo, qTO JTO'IHeH11e aJiropurMa KacKaitHO- ncnapHTeJihHoii Monenu, ,neii

cTB11TeJ11,ao, II0380f!JleT IIpHMeHJITh ee l{Jlll noJiy'leHHll n114>$epeHUllaJihHblX cetJeHHH 11 <f>YHK• 

uuii: eo36yJKiteHHll IIpll )l0BollbHO Hll3KllX 3Hepr11JIX, IlpnqeM l{IIJI BOCIIpoll3Bel{eHHJI 3KCIIepu

MeHTaJibHblX .llaHHblX HeT Heo6XQ!lllMOCTII l{0IIOJl!fllTh M0l{ellh BHYTPHJlltepHOro KaCKal{a Mexa

Hll3MOM CHJITlliI eo36yJKiteHHJI, OIIllCblBaeMOM 3KCHT0HHb1Mll npe.llpaaaoeecHblMll MO)leJIJIMII, 

IlpoaeneHHoe IICCJie.lI0BaHne yKaJblBaeT Ha TO, 'ITO nucj>q>epeHUHaJihHble ll nolIHble ceqeHIIJI 

lll{epHhlX peaKIIHH, paCC'IHTaHHhle Ha OCHOBe YTO'IHeHHOll KaCKal{HO- IICIIapureiil,HOH MO.lleJill 

ll r116pllltHOH 3KCllTOHHOH MOiteJIH, 6JIH3KH. 

lf3 cpaaHe\lHll 3KcnepuMeHTaJihHblX naHHblX II pe3yJibTaTOB e1,1q11CJieHuil CJienyeT, 'ITO 

KaCKal{HO- ncnap!!TeJihHall MO,neJih MOlKeT IICilOJ!b30BaThCJI l{JIJI pacqera IIOJIH!,IX ll nucj>cj>epeH

UllaJibH!,IX ceqeHnii Jll{epu1,1x peaKUHli ao aceli oi;;;~cTH 3Hepruii:, a Koropoii .llllll 3Tl!X UeJieli 

npuMeHJIIOTCJI npenpaBHOBeCHhle 3KCllTOHHble MO.lleJIH, T.e. rrpn 3HeprHllx·aume HeCKOJibKIIX 

M3B. IlpuqeM cnoco6HoCTh KaCKaitHo- 11cuapHTe1IbHoli Monen11 aocnpoH3BQ!IHTb .llaHHble 3KC• 

nep11MeHT?B npu OTHOCHTeilhHO HH3KllX 3HeprllllX CBJ13aHa C J'leTOM B aJiropHTMe MOl{eJlll 

cj>aKTOpoe. 

Cornacue ceqeH11ii:, paccquTaHH!,IX c . noMo!UblO Monucj>unupoeaHHoii KaCKal{Ho- 11cnap11-

TeJihHOii MQ!leJII! H ru6pH.lIHOH 3KCllTOIIHOii Monem1, yi,;a31,1eaeT Ha 6Jill30CTh o6i>nx IIO.lIXOl{OB. 

06e Mo,neJIH JIBJlllK>TCll nOJJyK11acc11qecKHMH II paccMarpunaIOT ·-nuHaMHKY aepaeHoeecHoro 
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npollet'C'a KaK cepmo KBa3HC'B06o.llHLIX HYKJJ0H-HYKJJ0HHLIX B3aHMO,llellCTBHU. Ilp11 C'0IIOCTaBJJe

Hllll pelyJJLTaTOB pac'leTa C '.lKCnep11MeHTaJJLHLIMII .11aHHL1Mll 0Ka3LIBaeTCll, '!TO np116n11JKeu11e 

MQ!leJIH BHyTp11.1.11epHOI'O KacKa,lla, corJJaC'HO KOTOpoMf uyKJJ0HLI .IIBHlKYTC.ll no KBa311K/IaC'Cll

'lecKHM TpaeKTOpllllM, llBJJlleTCll He MeHee npaB,IIOIIQZl06HLIM, 'IeM npe.zmonoJKeHHe r116pH.11Boii 

'.lKCHTOHHOii Mo,ne.,'IH O paBH0BepollTHOC'Tll Komtmrypannii C 3a,llaHHLIM 'IIICJJ0M '.lKCIITOH0B H ne

pexo.ne 113 n B n+2 - '.lKCHTOHHoe COCTOJIHHe 31\ C'IeT BJaHMO,lleiicTBHll "nH.1111pyIOmeii" 'Ial:TIIIILI 

C' HYKJJ0HaMH .1./lpa. 
Ha6nI0,11aeMoe cor JJaC'He .'.lKCilepHMeHTaJJLHLIX ceqeunii II pac-'!eTHLIX .11aHHLIX, nony'IeHHLIX 

C noMomLIO KaC'Ka,IIHO- 11cnapHTeJJLHOii M0.lleJJH, CTaBIIT BOI!poc 0 nepecM0Tpe ct,opMaJJLHOI'O 

KpHTepllll npHMeHHMOCTII Mo.11en11 • 

CornacHO ncnonhlyeMoMy pauee KpllTepHIO npnMeHeHHe KaCKa,IIBO- HCilap11TeJJLHOii M0-

.11e.'1ll .IIJ!ll onHcaHllll .1.11epHLIX nponeccoB M0JKeT 6LtTL 0IIpaB.llaH0 B TOM c.-1y'Iae, eCJJll .IIJ!llHa 

BOJJHLI na.11aIOII1ero HYKJJ0Ha MH0I'O MeHLme paccTOJIHllll MelK.lly HyKJJ0HaMH B .1.11pe. 
YKa3aHHOO ycnosHe HapymaeTCll npll '.lHeprHllX nopll.llKa HeCK0JJLK0 ,llecllTK0B M3B ll He 

OO'LllCHlleT ll,il.6JJIO.llaeMOI'O corJJacHll pac'IeTHLIX ll '.lKcnepHMeHTaJJLIILIX .llaHBLIX npH' '.lHep

rHllX HHJKe 20 l\hB.· KpoMe roro OHO He Y'IHTLIBaeT Toro ct>axTa, 'ITO ua B3aHMO,lleiicTBHe 

na,11a10meii qac THULi C .IJlpoM cy1I1ecTBeHHoe BJJllllHHe 0Ka3LIBaeT npHHIIHn Ilayn11, 3anpe1I1a

l011lllii 3Ha'IHTeJJLHoe 'IHCJJ0 BHyTpH.1./lepHLIX CTO.,'IKHOBeHHii. 

(' ct>111nqecKoii TO'IKII 3peHH.ll 6onee onpas.11aHHL1M l[BJJ.ll,eTCll KpHTepllii 11cnOJJLJOBaHHll M0-

.11e.111, ~KTHBHO f'IHTLIBaIOmHii orpaHH'IeHHe 'IHCJJa:suyTpHll.llepHLIX BJaHMQZleiicTBHii HJ

Ja npHHIIHna IlayJJH, · corJJaC'H0 K0TOpoMy .llJJHHa BOJJLI na,11aIOII1ero HYKJJ0Ha .IIOJJJKHa 6LtTL 

MeuLme .IIJIHHLI ero cB06o.11uoro npo6era B ll.llpe. PaccMaTpHBaeMoe ycnosHe BLIIIOJJH.lleTCll 

npH '.lHeprHllX HHJKe 20 M:1B, 'ITO ,II0JJlKH0 6LtJJO 6LI O?!'Cne'IHTL npHMeHHMOC'TL MQZleJJH H npll 

YKaJaHHLIX 3Heprnsx. 

Pac'IeT ce'!eHHii o6paJOBaHHll rpHTHll B HaC"TOlllileii pa6oTe ~cyritecTBJJll/lCJI Ha OCH0Be Kac

Ka,1180 - nrnapHTeJJLHOii MO.lle;m c noM0IIILIO nporpaMM· DISC' A2 H C' ASCADE. B pac'Inax 

no nporpaMMe DISCA2 Y'IHTLIBa/lOCI, o6pa1osaHHe TpHTOH0B Ha KacKa.11aoii CTa.llHH BJaHM0-

.11eiicTBH.ll na.11aIOm,nx HYKII0H0B C ll.llpoM. 

. IIpe.llJIOJKeHHLte iiony::iMnHpH'IffKHe 3aBHCHMOC fH .IIJ!ll oneHKH ce'!eHHii o6pa30BaHHJI TJ)H

THJI B ll.llePHLIX peaKUHllX BKIIIO'laJOT ct>oPMY.'Tbl .IIJJJI onpene.'IeHHJI npe.11paBHOBeCHOH ll ncnapH: 

TeJJl,HOH K0Mn0HeHT.l,l ce'1eH11ii "t• 

B ocHoay napai.ieTpH1annn npenpasHoaecttoii K0MnotteHTbl ceqeHHH ufre nonoJKeHa Mo.11e..'11, 

~HapymeHH.ll ll.llepHLIX CBJIJeH". Ilono11H1trt'.JbHble MH0iKHTeJJH BBe,lleHLt B ct>opMyny .IIJIJI c,f", 
'ITOOLI .ll0CTH'IL cor;iacns C '.lKcnepHME'H I a:JbHblMH nattHLIMH no BLIXO.llY TpHTHJI Ha TlllKeJJLIX 

ll.llpax H nepenar1, noporosLiii xapah H'P ceqettnll uf". BseneHHe HX l\f0.iiH0 1mTepnpeTHpo

BaT1, KaK orpa.iieHne JaBHC"IIM0("l II napaMerpa MO.lleJJH No OT 3HeprHH nepBH'IHLIX •JaCTHII H 

Maccosoro <111c,1a .1.11pa - MHmett11. n.1s on11caHHJ1 noporosoro xapaxTepa ce'!eHHll c,f", .11oson1,

H0 ct,op~ta..11,HLIM o6pa'30M. IICIIOJJL3yeTCJI BLtpalKeHHe, nony'IeHHoe Ha OCHose' HrnapHTeJJLHOH 

MO.Ile/Ill. 

<l>opMy11a .llllll pac•1eTa 11cnap11Te/ll,HOH KOMn~HeHTLI ce'!eHHJI BLIXO.lla TpHTHJI u:9 no.1y'!eHa 

C noM0!llbIO <' ra THCTH'IeC"Koii MO.Ile/Ill BaiicKonct>a 11 npe.11cTaB11J1eT co6on 01'H0mett11e BepollT

HOC'TE'H ~\IIICCHH TpHTOHa II HYKJI0Ha, yMH0:iKE'HHoe Ha 'IHCJJ0 HVK.'T0HUB, BLt.leTeBmHX 113 ll.llpa 

Ha paBHOBffHOH CTa.llHH peaKUHII. 

IIpe.llJJOlKeHHLle IIOJJY'.lMilllpll'leC"KIIE' <f>o1rn).lLI nolB0JIJIIOT pacr•m I LIBaTI, Ce'!eHHJI BLIXom, 

I p11Tllll .llJJJI cra6HIILHLIX II HE'CT~0ll.lbHLIX ll.llep C aTOMHIJ\I H0MepoM z = 6 : 83. o6.1y4aE'MblX 
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H)'KJI0HaMH c :rneprHen oT nopora peaxnuH (10 - 25 M::1B) .110 25 r::1B. 

IlpHHIIHDLI, nonoJKeHHLle B OCH0BY napaMeTplllanuH ce'!eHHii BLIXQ!la TpHTHll, JIBJJlllOTCJI 

.llOCTaTO'IH0 OOmHMH ll Ha. HX OCH0Be 6LtJIH nonyqeHLt np116nHJKeHHL1e ct,opMynLI, D0JBOJIJIIOmHe 

0D;eHHI!aTI, ce'!eHH.ll o6pa30BaHHJI 3He ll ~He B .1.11epHL1X peaKD;HJIX C HyKJI0HaMH. 

Pa3BHTHe H0BOI'O nQZlX0.lla. K pac'leTY npe,11pasHOBecHLIX cneKTpoB COCTa.BHLIX 'IacTHII, 

o6pa3yIOmHXCll B .IJlepBLIX peaKIIHllX,-0CH0BaHH0I'O ua r116pH,11HOH 3KCHTOHHOii H KoanecneHT

HOH M<>.nem1x, DOJBOJJHJJ0 BLl'IHCJJHTI, cneKTPLI a - '!acTHD; B pea.KIIHllX non .11eHCTBl!eM Heii

TpoH0B ll npoTOH0B, nony'Il!TI, nony::1MnHpH'IecK11e ct>opMyJILI .IIJ!ll pac'IeTa. BLIXQ!la. .TpHTOH<lll, 

He II O - 'Ia.CTHII B HeHTpoHHLIX II npoTOHHLIX pea.KD;llllX Ha. CTa6HJJI,HLIX II HecTa611.'II,HUX 

.1.11pa.x C a.TOMHLIM B0MepoM z = 6 + 83, cct,opMHpoBaTL ct>a.iiJILI Ce'Ie!J\!H _o6pa.30BaHll.ll Tpll

Tllll. PacC'IHTaHHLle cnexTpLI a - 'Ia.CTHII CpaBHHBa/lHCL C '.)KCnep11MeHTaJJLHLIMH .llaHHLIMH 

np11 ::1Heprnllx 39, 62 H 90 M::1B. BL1Jia.OTMe'leaa HX corna.cosaHHOCTI,. Co1,11aaHaJ1.pac'leTHa.ii 

MQ!leJII, .llJlll BLl'IHCJJeHHJI Ce'IeHIIH CMemeHHii: pa3pa.6oTaHHLte np1!6JIHlKeHH.ll H aHaJil!J oco6eu

HOCTeH pa.C'IeTa npH 3Hepr11JIX BLtme 10 M::1B, noJBOJJHJIII pa3pa.6oTa.TI, K0MnJieKC nporpaMM 

DIDACS (Displacement Dose And Cross-Section calculation), .lla.IOIIIHU BOJM0lKH0CTb TaKJKe 

BLl'IHCJJHTL ce'!eHHJI ll.llepBLIX pea.KD;IIH npH BLIC0KHX 3HeprHllX. . 

B rmme 5 npnse.11euL1 BOlM0lKHOCTH nporpaMMH0ro KoMnneKca DIDACS II KpaTKaJI xa.

paxTepl!CTHKa. OCH0BHLIX 6JIOKOB l! 6H6.!IHOTeK. 

IlporpaMMHLiii K0MDJieKc noJBOJJHJI pa3pa60TaT1, 6116JJH0TeKl! · ce'IeHIIH "BHCEPM", 

"MENDL", "WIND", npe,11Ha3Ha.'!eHHLie .IIJ!ll H1yqeHHJ1 nponeccos, npoTeKaIOmHX npH B3a

llMQZlencTBHII BLIC0K03HepreTll'IeCKl!X HYKJI0H0B C pa.JJill'IHLIMII ll.llpaMH. CpasueHIIe pa.c'Ie

TOB C MelK.llfHa.po.llBLIMll 6116nHOTeKaMII .llJlll HJOTOn0B nnyroHHJI 236 ::5 A :5 241 npl!Be,D;e

H0 Ha p11c.3. 3aMe'IeHo pa.cxolK,lleuHe oi.euoK pa.JJIH'IHLIX 6H6nHoTeK Ha. 1130rona.x nnyTOllllll 

('36Pu,238 Pu), .llJlll K0TOpLIX 0TCYTCTByeT 3KCnepHMeB!l'aJII,HaJI HHct>opMa.D;IIJI. IlpoBe,lleHBLIH 

aHMHl cpasHeHIIll pe3yJILTaTOB pac'IeTOB C 3KCnepHMeHTaJILHLIMH ,lla.HHLIMH ll oneHeHHLIMll 

.llaHHLIMH MelK.llfHa.po.llBLIX 6!!6JIHOTeK noJBOJIJleT H~llTbCll, 'ITO onHCLIBaeMLiii n0.llXO.ll K 

oneHKe uenTpoHHLIX ce'IeH11n (n,f); (n,xn); (n,pxn); (n,axii) + (n,2pxn) . .11J!ll HJOTOnos U, 
Pu, Np s•nlla.naJOHe ::1Hepr11n .110 100 M::1B cnpa.Be.llJl11B. 

B BLIWOOllHCaHHLte 6H6nHOTeKH MoryT 6LITL BKJIIO'IeHLt Ce'IeHIIJI .llJlll 0CB0BHLIX IIpQ!lYKT0B 

.11eneHHJ1 00 Sr, 99Tc, 129 I, 137 Cs, oneHKa KOTopLix 6L1J1a. npoBe.11eHa. OCH0BL1Ba.J1c1, Ha. l!MeIOmHXcll 

nporpaMMa.x ALICE/ ASH, CASCADE, SILBER. 

PaccMoTpeHo pacm!!peHl!e BOJMOlKHOCTell l!CCJJenoBaHIIJI 6H6JIHOTeK H K0MnJieKca. DIDACS ' 

,llJIJI pa.C'IeTa IIJOTOnH0ro COCTaBa. II aKTIIBH0CTII MaTepuana, o6nyqaeMOI'O 'IacTHIIMm npo

HJBOJII,HOI'O cneKTpa • .llnll 3Toro 61,1na. comaaa nporpaMMa SNT (Simulation of Nuclear 

Transmutation), K0T0pall pacC'IIITLIBaeT K0HileHTpa.D;II!! HYKJIH,110B KaK B nponecce o611y'Ie

HHJ1, TaK II npH oxJia.JK,neHIIII o6ny'IeHHOI'O Ma.Tep11ana.. HcxO.llHLIMII .11aHHLIMII .IIJ!ll nporya . .i- ' 

MLI cnylKa.T cneKTP nepBl!'IHLIX.o'IacTIIII, ce'!eHHJI ll.llepHLIX peaKnHii:, npoTeKa.IODIHX B ,llaHH0M 

.lllla.IIaJOHe 3HeprHH, ll naHHLie no paM0a.KTHBH0MY pacna,11y l!CCJJe,llyeMLIX ll,llep • 

IlpH 0XJia.lK,lleHl!H 'Il!CJJeHHoe IIHTerpHp0BaHlle Cl!CTeMLI He np0BOllHTCJI. Pac'IeT K0HD;eH

Tpanl!H .llJIJI pa3BeTB/leHHLIX neno'IeK BLID0/IHJleTC.ll C noM0Dll,IO peKypeHTHLIX COOTHomeHllH, 

nony'IeHHLIX Ha. OCH0Be aHaJJl!TH'leCK0I'O pemeHl!JI Cl!CTeMLI .llH<t>ct>epeHD;llaJJLHLIX ypa.BHeHIIH 

C Tpeyron1,uon Ma.Tpl!D;en Ko::ict>ct>nnH'.3HTOB. KouneuTpaD;l!II l! a.~THBBOCTH HYKJIH.II0B, BCTpe

'IaIODIHXCJI B pa3JIH'IBLIX neno'IKa.x, cyMMIIpYIOTCll npH Ja,lla.HH0M BpeMeHH 0XJia.lK,lleRll.ll. Pac

CMa.TpllBaIOTC.ll nenO'IKH paMOaKTIIBH0I'O pacna,11a., Ha.'IHHaIODil!ec.ll Ha. HeCTa6l!Jil,HLIX ll.llpa.x 

II 0KaH'lllBaIOmHecll CTa6HJII,HLIMH HYKJIH,llaMH. 
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Ilmr ll.!lep c nepHo.llOM nonypacnana T112 < I cyT. OTCYTCTBYIO!Illle a coapeMeHHblX 61I-
6mIOTf'Kax naHHble no ce'!eHllllM Bb16HpaIOTCll Ha OCHOBe HMe10meii:cl1 llHq>opMallllll O ci-qemux 

ll.llepHblX peaKllllH Ha ll.!lpax 6JIH3KllX no aTOMHOMY HOMepy II MaCCOBOMY qIJcJiy. 
t-1· 

B nporpaMMe SNT neqaTb II 3an1Ic1, Ha MarHHTHblii: .llHCK pe3yJibTaroa Bhl'!IICJieHHll Kutl· 

ueHTpauHii: II aKTllBHOCTeii: HYKJIII.llOB ocyruecTBJille'rcll B pa3JIII'IHOM Q)OpMaTe, B TOM '!HCJie 
Heo6XO.llllMOM .llJlll rpa(j)H'leCKOI'O npencTaBJieHllll nony'leHHblX .llaHHblX cpencTBaMH nepCOHaJih: 
HOI'O KOMllbIOTepa. 

IlpencTaBJieHHble pac'!eTbl noKa3blBaIOT, '!TO aKTIIBHOCTI, ll HYKJIII.llHblii: COC'faB o6Jiy'leH
HblX MaTepilaJioa, pacc'!IITaHHble c noMo!IlbIO nporpaMMbl SNT II 61I6JII10TeK1I ADL, cornacy. 
IO'tCll C ,!laHHblMll npyrIIX aBTOpOB. 

Pe3yJibTaTbl pac'!eTOB aKTIIBHOCTII Mil!IleHeii: II3 Pb II Pb-Bi nO.llTBeplK.llaIOT IIX pa3Jlll'!Ile 

Ha 1-2 nopll,!lKa npII apeMeHax OXJialK.lleHilll 103 
- 105 CJT. ll 107 

- 109 cyT., IIPil'!eM ypoBeHb 
aKTllBHOCTII K 3TOMY apeMeHH CHlllKaeTcll B 103 - 106 pa3 COOTBeTCTBeHHO. OTMe'!eHo, 'ITO 

OCHOBHOii: BKJla]l a aKTllBHOCTI, pacCMOTpeHHblX Mll!IleHeii: IIPII BpeMeHaX OXJiall(JleHllll OT 100 

cyT • .llO 20 ·""T naeT TpllTHii:, pIIc. 4. 

B 3aKJIIO'leHHH CQ)OPMYJIIlpOBaHbl OCHOBHble pe3yn1,TaTbl II BblBO.llbl pa6oTbl. 

Ha 3a!IlHTY BblHOCllTCll ~neny10mne IIOJIOlKeHllll. 

L OnpeneJieHHe B03MOlKHOI'O MecTa 351.Y B 51.3 6y.uymero Ha OCHOBaHHII IIOCTpoeHHblX 
MaTeMaTil'lecKHX MO.lleJie.il: pa3BllTHll 51.3. 

2. O6ocHOBaHne I'a30.llHHaMH'!eCKOI'O cnoco6a "1anHpaHI1ll" OKHa, OT.lleJillIO!Ilero BaKyyM
HYIO KaMepy oT ycKopnTeJill. Bo3MOlKHOCTh noJiyqeHHll B npenJiolKeHHoii: .ue.il:roHHO.ii: ycTaHOBKe 
BblCOKHX IIJIOTHOCTeii: IIOTOKOB He.il:TpOHOB. , 

3. Ha OCHOBaHHll paCC'!HTaHblX ll,!lepHO-Qlll3ll'!eCKHX xapaKTepHCTllK :meKTpoll,!lepHOI'O 
~JlaHKeTa H 6JiaHKeTa CHHTC3aTopa B ypattOBOM ll TOpHeBOM TOIIJlllBHblX UHKJlaX IIOKa3aHO, 

'ITO npn .llOCTIIlKllMOM Ha CCI'O.!Ulll 'IHCJie aKTax CIIHTe3a, HHHUHIIpOBaHHblX <>.nlIHM MIOOllOM, 
Hapa6oTKa ypatta-233 llBJilleTCll 3Q)QleKTHBHOii: TOJll,KO .llJlll CMe!IleHHOI'O ypaH-TOpneaoro UH• 
KJia, 

4. C03.llaHne 6a6JIJIOTeK .llJill HCCJle]lOBaHllll pa.uaaunoHHOll IIOBpell(JlaeMOCTH, aK~~BaIIllH ll 
TpaHCMYTa.llllll MaTepnanoa, o6Jiy'laeMblX qacTHUaMn BblCOKHX 3Heprnii: Ha OCHOBe pa3pa6o

.TaHHblX KOMIIJieKCOB npo~paMM. 
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