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YI. C. Tiorpe6on, B. M. TanbJ311H, B. A. Tepex11H, B. 11. K)<j)epea 

B cep1m "cI>11311Ka J1.D.epHblX peaKTopoe" ny6m1Ky10TCJ1 MaTep11anb1 no cne.ny10IUHM eonpocaM: 
- Teop11!1 H MeTO,D.bl pac•1eTa J!JlepHb!X peaKTOpOB, 6naHKeTOB TepMOl!,D.epHblX peaKTopoe, pa.n.aauHOHHOW 3aWIITbl, 

nepettoca 113ny'lett11w; 
- npo6neMbl o6ecne'ieHJ,Ul paC'H-THblX Ii JKCnepHMeHTaJJbHb!X HCCJie.noeaHHH nporpaMMaMH ,D.JJJI 38M; on11caHW! 

H aHHOTUU1111 nporpaMM, KOMnneKCOB H CHCTeM nporpaMM; 
- pacYeTHble HCCJJeJlOB8HliJI 110 cp113HKe l!JlepHb!X peaKTOpOB, 6naHKeTOB TepMOJl)lepHblX peaKTOpOB, pa.n11au110HHOH 

JaWHTbl, nepeHoca H3JIYYeHHII; HCCne.noeaHJUJ OT,D.eJlbHblX acneKTOB pa3Blffllll l!.UepHOH JHepreTIIK11; 
- JKCnepHMeHTaJJbHbJe MeTOJlbJ H JKCnep11MeHTaJJbHhle 11ccne.noea.HJ1ll no cpH3HKe l!JlepHhlX peaKTOpoe H B nepe•mc­

neHHblX CMeJKHblX o6naCTJIX; 
- MaTeMaT11•1ecK11e npo6neMbl TeOpllli nepeuoca It TeOpHH peaKTOpOB. 
B BbinYCKax "Hr,,rnyJJbCHbJe peaKTOpbl 11 npOCTbJe KpllTH'-leCKJle c6opKl1" ny6nHKYIOTCll CTaTbH, OXBaTbJBalOIUI1e 

cne.ny10m11e KOHKpeTHb1e npo6neMb1; 
- KHHeTMKa 111111HaMJ1Ka 11Ml1YJJbCHblX peaKropoe 11 6ycTepoe anepuO,D.HYeCKOro .ueiicTBHll; 
- KOHCTPYKUltll II cp11.311'ieCKHe xapaKTep11CTl1Kll 11eiieTBy10UJ.HX 11n11 npoeKrnpyeMblX 11.t-tnyJJbCHblX peaKTOpoe; 
- Ollb!T JKCnnyarnu1111 11Ml1YJJbCHblX peaKTOpoe; 
- MeTO)IIIK.11 H pe3yJJbTaTbl npOBO.D.11MblX C 110MO!Ubl0 liMIIYJibCHb!X peaKTOpOB JKCrtep11MeHTOB; 
- Kp11TJIYeCKJle H npyrne HellTpOHHO-<jlllJH"'-leCKl!e xapaKTep11CTl1KH npOCTb!X c6opoK 113 ,neJJJ11Ul1XCJI aeiuecrn; 
- l!CrIOJlb30BaHHe IIHTerpanbHblX JKCnepnMeHTOB Ha npOCTblX Kp11Tll'ieCKIIX c6opKax JlJJJI npoeepK11 MHOrorpynn-

nOBblX He!ITpOHHb!X KOHCTaHT; 
- J!.D.epHaJ! 6eJonaCHOCTb HMl1YJlbCHblX peaKTopoe 11 npOCTblX KpHTWieCKHX c6opoK. 

Materials related to the topics described below are published in series "Nuclear Reactor Physics"; 
- theory and calculational methods for nuclear reactors, fusion reactor blankets, radiation shielding and radiation 

transport; 
- codes for calculational and experimental investigations; descriptions and abstracts of codes, code complexes and 

systems; 
- calculational analysis of reactor, blanket and shielding performances and radiation transport; calculational analysis 

of some nuclear energy development aspects; 
- experimental methods and experimental analysis in field of nuclear reactor physics and other above mentioned 

items; 
- mathematical problems of transport and nuclear reactor theory. 
Materials related to the concrete topics described below are published in issues "Pulse Reactors and Simple Critical 

Assemblies"; 
- kinetics and dynamics of pulse reactors and boosters of aperiodic action; 
- designs and physical charac1eristics of working and projected pulse reactors; 
- operational experience of pulse reactors; 
- procedures and results of experiments performed with pulse reactors: 

critical and other neutron-physical characteristics of simple assemblies of fissile material; 
- integral experiments as applied to simple critical assemblies to test multigroup neutron constants; 
- nuclear safety of pulse reactors and simple critical assemblies. 
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Y.[{K 621.039.55 

OIIbIT C03,l(AHIDI H 3KCITJIY A TAIJ;llil HMITY Jll,CHI,IX PEAKTOPOB 
l:I KPl:ITJillECKHX CTEH.D:OB P(l)m.:(-BHIDI3 «I> 

A. M. BoHnoe, M. A. BoHuos, C. B. Bopomtos, A. A. JJ:eeHTKHH. B. «I>. KoJiecos, 
M. H. Kyewuuoe, A. C. Komenes, A. T. HapmKHbiii, H. r . CMHpHOB 

<l>fYIT " P<l>jl_Q-B HI1113<l>", 607 I 88, r. Capos H m1<eropo,nc1<oi1 o6n. 

IlpHBCJlCHO onKC8HKC KMnym,CHbIX peaicropos H KpKTK'iCCIOIX CTCH)lOB, p83pa60taHHbIX BO BHlli13<1>. ,LlaHbl peKOMCH)laUKK no 
nOBbllllCHll'IO 6e3onacHOCTH HX 3KCnnyarauHH. Ilpe)lCTaJIJJCHbl OCHOBH&Ie pe3ym,rar1,1 pa6ot, HanpaBJJCHHbIX Ha coseplllCHCTBOBaHHe 
napKa ll/lCpHO-q>HlH'ICCKKX yctaHOBOK. 

THE EXPERIENCE OF CREATION AND MAINTENANCE OF RFNC-VNIIEF PULSING REACTORS AND 
CRITICAL STANDS/ A. M. VOINOV, M.A. VOINOV, S. V. VORONTSOV, A. A. DEVJATKIN. V. F. KOLESOV, M. I. 
KUVSHINOV, A. S. KOSHELEV, A. T. NAROZH..~YJ, I. G. SMIRNOV // The description of pulsing reactors and critical stands 
developed in VNIIEF are given. the recommendations on their operation safety raise are given. the basic results of the works directed to 
the perfection of the nuclear-physical installations stock are presented. 

1. Pa3pa60TK3 HMDYJibCHblX H,!tepHblX peaKT0p 0 B 

3KcnnyarnuHJI IIMTTYJibCHhlX ll.UCpHbIX peaKTOpOB BO 

BH.11l13cf> 61,1na Ha'iarn a 1965 r. c MOMCHTa JanycKa pe­

aKTopa BMP-1. HCTIOJlb3yK)UlCro B Ka'iCCTBC TOfiJutBa pac­

TBOp COJlll BblCOK006oraweHHoro ypaHa B B0)le. 11paKTJ1'iC· 

CKl1 B TO )KC BpCMJI 6b1J1 BBC.UCH B )KCTIJiyaTauHIO 11.Sl.P 
c MCT3JIJlH'ICCKOil A3 - EHP- l. O6e ycrnHOBKH nocTOJIHHo 

cosepUJeHcrnoaanHCb. KpoMe HHX, so BHI1l13cf> 6brnH 

COJ.l.lBHbt pea1<top1,1 E11fP, Tl1EP, Pl1P, EP-1, EP-KI, fl1P. 

OcH0BHblC xapaKTep11CT.H.KH ycTaH0BOK npHBC.llCHhl 

era6n. I [1,2]. 
] hmyJlbCHblC peaKTOpbl HBJlJIIOTCH pa3HOBH,/lHOCTblO 

uccne.uoaaren1,c1<11x peaKTopoa 11 11pe.acraanJ110T co6ofi 

yCTpoiktBa, 06ecne411aa10111,ne nonyi-1ett1-1e K0H'rp0nHpye­

\11,1x H TIOBTOpHClllblX BCflbllliCK llCJlCHIIJI aT0MHbIX JI.UCp. 

O6111,ei:i 'iCpTOJI Bcex 1151P llBJlJICTCJI C03ll8Hlle Ha KOp0TKOC 

BpCMJI ycnOBIIH llJIH pa3B11Tl-lll uenHOtt peaKU1111 .aeneHIIH Ha 

MrttOBeHHblX HCHTpOHax. 

Cornactto npHH}ITOii KJ1acc11cjJ11KauHH [3]. J.15lP MO>KHO 

pa3;.tCJIIITb Ha Tfll1 0CHOBHbJX KJJaCCa: JIMTIYJlbCHbJC peaJCTO· 

flbl a11ep110Jlll'ICCKOfO (caMOraC}!Ulerocj)) llettCIB11JI (11PC)J,), 

11n11 ancp110.n11LJCCK11e HMnyJ11,c111,1e peaKTOpht (AIIP); HM· 

11yJtbCHbJe peaKTOpbl 11ep1i0.[lH'ICCK0ro .aeiiCTBIIH (l1PTI.D.). 

ltJIII ny111,c11py10J.J.(IIC peaKT0phl; 6ycrep1,1-pea1<TOflbl. Bo 

8Hlll13(1) p,npa6atbtBaJ11tCb IUIP nepsoro rnua (HPC.D.). 

B K0T0pblX BCllblWKa J!CJJeHll tt IIHJIU1111pycTCJI 6bJCTflbl~t 

BB0.llOM 1136bJT04HOH peaJCTIIBHOCTII, a raCIITCJI 33 C'iCT OT· 

p11uareJJbHOfi o6patHOtt CBll3H "reM11epa-rypa peaKTJtB· 

HOCTb". 8 3THX peaKT0pax UCIIHaJI peaKUHll Ha ll-trH0BCIIHbJX 

Heilrpouax BO BflCMJI BCllblWKII K0HTp0JlHpyeTCJI T0JlbK0 

3 

BHyrpCHHJIM MCX3HH3M0M caMoralliCHH.JI. )J,mlTCJlbHOCT!, 

HMnyn1,ca H ero 3HCprHH onpe,o.eJlHCTCJI ypOBHCM IICXOJlHOH 

HB;1KpHTl1'iHOCTH, KOTOpblH yctaHBBJlllBBCTCJI oneparop0M 

nocne npe.nBap1-1reJ1bHOH 1<anH6poa1<11. 

OCHOBHblMI1 TI0KaJaTCJIHMH HMTIYJlbCHOro peaKTOp a, 

KaK IICT0'iHJU<a HOHH311pyl01.l.(Cf0 113JlY'!CHl1JI, HBJlJIIOTCH 

ypoBCHb cjinioeHca HCHTpOHOB 38 HMTIYJlbC cf>, ,nmlTCJlb· 

HOCTb 11.MflYJlbCa Ha TIOJl0BHl-lC BblCOTbl t112 H o6beM npo­

ctpaHCTBa V C BblCOKl-lM cjin10eHCOM, .nocryruwro .llJlJI o6-

ny4CHIU! o6pa3UOB . .D.J1J1 cpaBHCHI-IJI pa3JIH4HblX 11.Sl.P BO 

BHJ,U113ct> Hcnon1,3yercJ1 napaMerp K. nony'-IJlBWtui Ha­

JBaHue "Ka4CCTBO" [ J] ff onpe.uenHCMblH BblpIDKCHHCM 

K=<l>V_ 
't1j2 

BXOllJllll,IIC B np11Beae1rny10 cpopMyny BCJlll'iHHbl JIB· 

mllOTCJI B3311M0388HCHMbJMI-I (HCJlb3ll Ii3MCHHTb 0.llHY HJ 

HllX, He H3MCHJIH 3H34CHH.JI .npyr11x). KpoMe Toro, .ll3HHb!C 

BCJ11141Hlbl orpaHH'iCHhl npe.nenbHblMH JHB'iCHH.JllllJ-1, CB.II· 

38t!Hb1Ml1 C llOflYCTHMOit Te:-.tneparypoil TOTIJlHBa H JlOnyc­

TIIMblMII 3HB'iCHHJIMII Hanp>!)l(CHl1l1 B T0IIJlHBHblX )JlCMCH­

TaX. no1TOMY np11 coJ.aaHHH K0HKpernoro HJIP, c yYeTOM 

Jl0CtaBJICHHblX 38Jl84, ero napaMCTpbl 0llTl1!'.H13HflYIOTCJI 

r3KIIM 06pa10~1. 'iTO0bl nony111tTb ~1aKCIIM8JlbHOC 3H84CHIIC 

KULJCCTBB 

np11 reuep11poeam111 111',111y111,ca B 115.IP c Meranmt'ie­

CKoii A3 B0]HJIKUIOT 3H3411l CJJbHblC .illlHUM11'1CCK11C HBllflSI· 

>KCllltJI, o6ycnOBJleHHble "TennOBblM y;.tapoM" [I, 3 ], K0TO· 

pbie MOryr np11secn1 K pa3pyu1e111110 TOJlJn1.BHblX )JICMCH· 

T0B. Pa101pen A3 .uo BblCOKOtt TC!'.ll1CpaTyp1,1 MQ)KCT Bbl· 

183Tb cjia10BblC 113MCHCHIIJI B T0IUIIIBC JIJII I ero '18CTH4HOC 



1 a6;1111ia I 

XapnKTepllCTIIKII llMIIYJlbCJlblX peaKT0p0B. pa3pa6otaHHhlX BO BJ fl[] l')tt> 

Xapat,TC-
pl!CTIIKII BIIP-21\1 Iii IP-2M TIIEP 

lla•1ano 
'.)Kcrrnyarn-
UIIII 
I-ii M0,1111- 1965 1965 1970 
cjJ II KatU Ill. 

noc11c.111eii 1979 1991 
Coc10~1111e 

,11eiicTByCT BpCMCIIIIO ncpc,ia11 
11a 2007 r. OCTallOBJlCH sHlll!TT 
Ma-rcp11a11 U01S04 + H10 U + •·oMo U + Mo. ZrH 1 o 

A3 (11acrnon) (cnnas) COCTaBHall 
l\!a..:ca rnn- 7.1 

121 124 mrna. r;r (104 11) 
PaJ\fepb1 

055 X 63 022 X 22 027,5 A3. CM 
noJJOCTb 

0142, 
,1-'lll 06JJy-

0300 040 028 
11CHllll . .\1.\1 
311eprosb1-
/lCJlCHIIC, 60 3 7 
Mll)I( 
Y,'1CJlbllOC 
JHeprOBbl-

600 25 56 ,'.lCJlCHIIC, 
ll;i.; r 
MaKc11-

\la.%HaR 
250 300 700 TCMllCpary-

pa. °C 
no,1yru11-
p1111a 11,1- 2650 55 480 
nyni,ca. ,1Kc 

11naanett11e. J.J..1ui H5!P c pacrnopttoii A3. a TaKlKe JlJIJI 115IP 

C pa3pyW8IOIUCIICJI A3 napaMCTJ)bl MaKCHM8JlbH0J"O IIM­

nynbca oq,aHH4HBa!OlCJI np04H0CTblO K0pnyca. noJTOMY 

11ony4e111-1e 3anaHHh1x napaMe1-pos l151P nocrnraeTCJI Ja 

C4er pa3pa60TKII C00TBCTCTBYIOlllCii K0IICTflYKU1111 A3, Bhl-

6opa l0llJIIIBa C HYIKllblMII CBOi'!CTBa!\Ht, m160 Ja C4CT 

06ec11e4eJ11lll l pc6ye\fb1X np0'IH0C"l HblX xapaKTCpllCTllK 

Kopuyca A3. 
P,npa6ornHHhJe sc BHJIIf3ct, 1151.P 11Me10T ceo11 c11c­

Ull(jlll4ecKue oco6eHHOCTH, K K0T0pblM CJJe.uyeT 0THecni: 

- "11y11eBoc" JHeproBhl)leJle!lltC (Bblr0paH11e T01J;11rna 

"Ja epe~tll JKCl1J1ya-ra1u111 He llpeBblWaer HCCK0,JbKIIX rpa\J ­

\10B, 11160 .ua;.i.;e n011eii q1a~1Ma): 

- o-rcyrcrn11e Te11JI0H0Cl1TenJ1 ( 0XJIU)l().JCH!le A '3 npo­

llCX0lllJ r. KaK IIJ1clBIIJ10, Ja c•1e I CCTCCTBCHIIOii KOHBeKltllH). 

Ma.JI hilt pa3.Mep A3 ( c~1. -ra6; 1. I): 
- M8Jl0e K0Jlll4CCTB0 opral!0B pery;111p0Ball11ll peaK­

fllBII0C1ll (OPP), K0T0pblC Bblll0JIHJ!IOT 0!lH0BpeMe11110 

II (jJyHKWIIO opra11013 aeap11iiHoii 381ll11Tbl; 

- 81,IC0K0C 06ora1ue1rne T0IIJIIIBa (KaK llp,lllll .10, 

- 90 % 110 1110TOflY 
235U): 

- OCH0llll0fi \ICXaHl13M O'll)l!UaTeJJbHOII o6pa IHOii CBH-

311 "Te'I.Jllepa1-ypa pcaKTIIBHOCTb" ).lJlJI l15!P C MCT,UIJlll'le-

4 

PeaKTllllhl 
r,11rr bl'-1 PIIP rt I P-2 GP-Kl 

1977 1978 1981 1984 1995 

1990 1984 1993 

,'1CiicTB}'CT 
,'lCttCI By-

2 OTTblTa 
.'.lCIICT-

.'ICIICTByeT CT BYCT 
U01 +C U+Mo u U -t Mo U+Mo 

( KCf)a\1111(3) (cnnas) (cnnas) (cnnas) 

833 176 - 25 178 1511 

076 x 67 027 X 27 -024 030 062 X 75 

0 100 0100 0308" 360 

280 II 450 7 30 

336 63 18000 39 20 

900 700 B3pb1B 400 100 

1000 53 -2.5 300 1000 

cKoii 11 KepaM11•1ccKoi-i A3 - rcnnoaoe pacw11pe11ue. !.IJlll 

I l.51.P c pacrnop11oi'i A3 - pan110JIHT114eCK0e K1111ett11e; 

- T04H0e nporH03IIJ10B8Hlle napaMerpoe HMIIYHbCa 

(11orpCWH0Cl b ± IO%); 
- K8:iK,'lhlii IIMllYJlhC l15!P JIBJllleTCJI cneu11aJJbH0 non­

nlT0BJICHHblM )KCnep1tMeH l0M, a IIHTepnanbJ MCIKJlY 11\1-

nyJJbCaMll 011pe,1em1J0TCJ! speMeHe~1 nonr0T0BKII 0flb!Ta. 

noMHJ\tO rettep11poBaH1U1 mrnynhcos ace Jl5.IP Moryr 

pa601 aTb B CTUTll'leCK0M J1C)l(JIMe, a TalvKe B pe)l(JIMC rc11e­

p11posa111rn 11Mnynhcos Ha 3a11a·mh1Ba10lllllX uciirpo11ax 

( KRaJJIIIMIIYJlbC0B ). Hl!)l(C np11801UITCJI KpaTK0e 01111caH11e 

pcaK1opoe. 

Pea,aop 611P-2M (61,1cTpb1i1 H\my;1bclib1i1 peaKTop, 

M0ilep1111311J10BUHHblli) HBJlJICTCll Tllllll'lHblM npellCTaBIITe­

JICM H5IP c MeTaJlilll4CCKoii A3 (p11c. I). 3;1eMeHTb1 A3 
1nr0T0BJieHbl 113 CllJJaBa BblCOK006ora1UCHIIOro (85 % 110 

:,;U) ypaHa C M0Jll!0llCHOM ( M3CC0Bal! .U0JJ)I 6 %). 

OcHOBHilll 4aCTb A3 co6paHa H3 wecn1 ).lHCK0B C 11a­

py;i;:Hb!M .[lllaMCT))0M 220 \1M II BblCOTOii 3 I M~t. Macca 

Ka:>K11oro 111CKa - 17 Kr. )],11cK11 HMCIOT UCHTJ)aJlbH0e 0T-

11epc me II 4 ornepCTIIR, paBH0MCpH0 pacnono)l(eHllblX Ha 

0KflY)l(H0CTII 0148 MM B ueHTpa!lbl!0e ornepcrne ).lllCK0B 

BB0;.IIITCJI 6JJOK 6e1onac11ocTII (65). HMCIOIJ.IHH c)>opMy no-



/I0ro U111111H)lpa. B 6oKOBbJC 0TBCpCTIUI .!l11CK0B BB0.!lJITCJI 

.usa 11MnyJJbCHbJX 11 .nsa pery1mpy10ll.ll1X CTCp)KHJI. Ka)K,nblH 

.!ll1CK, EE 11 CTCp)l(Hl1 JaKJH0'iCHbl B HH)ll1BH)lyaJibHblC rep­

MCTl1'iHbJe 'iCxnbI 113 HCp)l(aBCIOll.(CH CTaJJM, 3ail01IHCHHb!C 

re;me.M. Me)l(,ny Ka)K,n0H .!lCTaJiblO 11 'iCxn0M 11MCCTCJI ra­

paHT11p0BaHHblH 3a.30p, 'iT0 o6ecne'iHBaeT 6eJy.napHoe 

pacw11peH11e .!leTaJICH np11 reHep11posaH1111 HMnym,ca. '9:ex-

111,1 C .!lHCKaMH JaKperurCHl,J Ha CTCH)le peaKTopa 4 60/ITaMH. 

P11c. I. PeaKTop liHP-2M 

MaKCHMaJihHoe :meproshl,neneHMe B .HMnyJJbce Ema,. = 
= 3 M.ll:)I(, nonynrnp11Ha HMnyn1,ca TI12 = 60 MKC. BoJMO)l(­

H0 reHepHp0BaHMC MMnyJibCa c napaMC1paMH Emax = 5 M_n:)I(, 

T,12 = 450 MKC np.H .HCil0JJb30BaHmf II0Jl.H3T.HJICH0B0ro 0T­

pa,KaTeilll, pacnonaraeMoro Ha cTone ,llJl.JI o6pa.Juoa, np11 

JT0M Ja C'ieT JaTJ1r.HBamu1 11Mnyfilca yc-rpaHl!CTCJI HBJICH.HC 

TCIIJI0B0ro yttapa. PeaKTOp M0)l(CT TaK)KC pa6oTaTh Ha CTa­

TH'iCCKOH M0IUH0CTH t!0 20 K8T. 

l1JHa'iaJJ1'HO peaKTop (EMP-1) sse.neH B JKcnnyarn­

UHIO B 1965 r. B 1970 r. peaKTop nepe6a.JHpOBaH B cne­

u11an11311posaHHoe JttaHHC, npH JT0M 6bl/l M0nepH113HpoeaH 

11 noJI)"i.HJI Ha.JBaH11e EMP-2. B 1986 r. peaKTop ocTaH0B­

neH t!JUI 0CHaIUCHJ,{JI aBT0MaTH311poeaHHOH CHCTCM0H 

ynpaeneHmi 11 Ja1U11TbI (CY3) 11 11HqiopMau110HH0-

113Mep11Te11bH0i-i CHCTeMou (MMC) Ha 6aJe M11H11-3BM. 

Tiocne Mo.nepH1nauI111 peaKTop (El1P-2M) aeetteH e 3KC­

IrnyarnuIuo 12.07.91. B ttaCTOllll.(ee epe.Mll 3KCrnIyarnu11J1 

peaKTopa apeMeHH0 npeKpaweHa. Bcero Ha peaKTope re­

Hep11poaaHo - 2800 IIMilYJJbC0B. 

IiP-1 (6ycTep-peaKTOp) - HMIIYJJbCHblH peaKTop c MC­

ranmt4CCK0tt aKTHBHOH J0H0H (p11c. 2). MaTep11an A3 -
cnnae BblCOK006ora1UeHHoro (90 % no 

235U) ypaHa c MO­

m16.nettoM (MaCC0B8ll .!lOJlll 9 %). A3 llMCCT cpopMy II0JIOro 

UIIJIHH.!lpa II COCTOIIT H3 4 6JJOJ-WB: eepxHero 0/IOKa (86), 
HmKHCrO 6JJOKa (Ho) .. peryrnIpy10LUero 6HOK8 (Po) 11 HM­

IIYJihCHOro 6noKa (116). BXO..'lllll.(IIC e COCTaB 6JIOKOB T0n­

/lllBHblC JJleMeHTbl (KOJlbUa) 33KJll04CHbl B lJCXJlbl lt3 HC­

p)1{8Be1owe11 CTaJllt, 38110JlHCHllblC remteM. 

.Unll CHJl)KCHIIJI MCX8Hlt•JCCKIIX H811plliKCHl1i1. o6ycnoe­

JICHHblX TCllJJ0Bbl~I ynapoM. A3 (85 II Ho) pa361na Ha 4 
p>1J.t3 K08KCH8JlbtlblX. cao6oaHo 110).lBeweHHblX, HeJaKpe11-

JlCllllblX KOJlCU (2 pllna 110 5 T0TIJlllBllblX JJICMCHT0B - B B6; 
pll/l 113 5 11 pllil 113 2 Tonrn1e111,1x 1neMeHTOB - e HE). ToJ1-

uu111a Koneu no pa.uuycy cocTaRJllleT 1.5 CM. KaJKaoe In 
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KO/ICU CB0l1M yczyrroM, Bblil0JIHCHHhlM Ha 110/I0BHHC BblC0-

Tbl, no BCCH 0KpY*H0CTH on11paeTCJI Ha coce.nttee K0JJbUO, 

HJil1 Ha HapY*HhlH 'iCX0JI. Me)l(,ny K0JibU8MH no BbJC0TC 

H no pa.n11ycy npe.nycM0TpCHhl 3a30pbl ,L(JIJI P8.!l11aJJbHbIX 

H 0CCBblX CMCIUCHHH Ka)K,noro K0filUa, 

P11c. 2. PeaKTop EP-1 

Op11rHHaJibHaJ1 K0HCTpyKU11J1 aKTMBHOH JOHbl EP-1 no­

JBOJIIDia .!l0CTHrH)'Tb peK0p.!lHblX napaMeTpOB .HMilyJJbca 

.ueneH11H .D.JIJI 61,1crpb1x l15IP c MCTaJIJJH'leCKOH A3 (EITIJ1)( = 
= 11 M)l)I(, T112 = 51 MKC), '!TO, OilH3KO, CBJl3aHO C B03HHK­

H0BCHl1eM B TOilJIHBHblX 3JlCMeHTaX 3H8'111TCJibHbJX .uirna­

MH'lCCKHX HanplllKCHUH. PeaKTop MOJKCT pa60TaTb Ha 

M0IUH0CTH ,!1.0 200 KBT 11 B pC)l<l1MC KBaJHmmynbca C :)Hep­

r0Bbl.!lCJleHHCM no I I M.ll:)I(. 

PeaKTop sse.neH B 3KCil/lyaTau11io B 1978 r. Ilocne re­

Hep11poaaHHJ1 608 HMllYJibC0B 6bJJJO o6HapY*CHO, 'iT0 

tJaCTb T0il/IHBHblX 3JieMCHT0B aKT.HBHOH J0Hbl peaKTopa 

pa3PyWMJ1aCb. C H0BOH A3 peaKTop BBC,llCH B 3KCil/lyaTa­

U11IO B 1990 r. K HaCT0JllUCMY BpCMCH.H Ha peaKTope reHe­

p11poeaH0 - 270 HMilYJibC0B. 

PeaKTop IiP-Kl (6ycTep-peaKTop "KacKatt", sap11-

aHT I) - 11MnyrrbCHbJH peaKTop c MCTan.Jll,NCCKOH A3 (pac. 3). 

MaTep11an A3 - cnrras o6oraIUeHHoro (36 % no 235U) ypa­

Ha c MOJIH6,aeHOM (MaCCOBal! il0/IJI 9 %). A3 HMeeT qiopMy 

nonoro u1-1m1H11pa. Ilo aHaJJ0rH.H c perucropoM EP-1 A3 EP-Kl 

11MCCT KOJlbUCBYIO crpyKTypy: OHa p836HTa Ha ,!ll1CKl1 (6no­

Kl1), a tll1CKII - Ha KOaKCllaJibHble KOJibUa. EnOKH A3 Ja­

KJJIO•!CHbl B repMCTH'l.Hble 4eXJJbl 113 Hep)l<aBCIOll.(eH CTaJIM, 

3anoJJHCHHblC ren11eM. OTJJH'll1TCJlbHblMl1 oco6eHHOCTJIMl1 

peaK-ropa 5P-K I l!BJIJ110TCJ1 rop11JOHTaJJbHaJ1 op11eHTaUHJ1 

A3, 'lTO o6ecne4HB8CT y.uo6crno 3arpyJKJ1 o6paJUOB B UCH­

TPaJJbHYIO IlOJl0CTb, II 3H8'lHTeJJbHblll p83Mep TTOJIOCTH ,!lJUI 

o6JJy4eHl1ll. ,Ll.JJll re1-1ep11poBaHlUI HMIIYJJbCa 11Cfl0Jlb3Y!OTCJI 

lL\lllYJJbCHbJll ll CTOII-6JJOK, HJr0T0BJJellHblC H3 6eptill1lllll. 

PeaKTop BBe,!leH a JKCnJJyaTaUIIIO a 1995 r. 1-1 npe.u­

CTaBJIJleT co6ol1 MHOl'OUCJJeBy10 J1ttep110-cp11311tJeCKYIO ycrn­

H0BKY, npe,AH33Ha'-!eHHYIO K8K .UJJJI a11po6a1..u111 JJJeMellTOB 

Ko11ue11ryanbHoro 11poeKTa .aayxceKu110HHoro 6ycTep­

peaKTopa "KacKaJl" (5P-K), rnK 11 .UJill npose.uemUI pa311114-

HblX o6JJY'l3TeJlbHblX JKC11ep1tMClffOB 8 HaCTOJlll.(ee epe.MJI 

peaKTO[) 1KcruIyanIpyeTCll B CTaTH4CCK0M 11 KB831111M­

nyJlbCH0M pe;K11Max. 



PHc. 3. PeaKTop EP-KI 

PeaKTop rHP-2 (raMMa•HCTO'IHHK peaKTopHwH) -

HMTIYJibCHblH peaKT0p c MCTaJIJIH'ICCKOH A3 "' orpa)l(aTC· 

JlCM Hettrp0HOB (p11c. 4). MaTcpuan A3 - Cf!JlaB 06ora1J..1eH-

11oro (oT 36 % .uo 90 % no 
235U) ypa1-1a c M0Jrn6.ue1-10M 

(MaCCOBM A0ID! 9 %). PeaKTOp fHP-1 6bJJI BBe.ueH s JKC· 

1wyarnumo B 1984 r. Ha HCM 6brno rettep11posa1-10 - 350 
m,myJihC0B. HbU!CWHJIJI Mo,muf>11KaUJU1 (fl1P-2) BBe.UeHa 

s JKcnr1yarnumo B 1993 r. K tcaCT0J11J..1eMy speMeH11 Ha yc­

TaH0BKe re1-1ep11p0B3H0 - 490 l1MnynhC0B. 

Pnc. 4 Peanop n1P-2 

Ccpep111.JecKaJ1 A3 cocrn11T m JlByx nonywap11H, pa1-

neneHHbIX .n11acjJparMOH H3 HCp)l(aBCI0IJ..ICH CTaJIH. Heno,i.1-

BHlKHaJI sepXHJlll '13CTb A3 BKJIIOt.JaeT CCMb IIOJiyc(j">epu•1e­

CKIIX CJI0CB, np111.JeM BHyrpemme CJI0II C0JlCplKaT 
235U 90 % 

o6oraweHl1JI, a BHCWHliH - 36 % 06ora1J..1CHIIJI. HmKHllll 

1.JaCTb A3 C0CT0I-IT 113 ,usyx fl0.llBII)l(Hbl:\ 0J!OKOB: 6J10Ka 

rpy6oii peryn11p0BKl1 (Er P) II 6JIOKa TO'IHOtt pe,·yrnrp0BKII 

(ETP). Ef'P BKmo•rneT wecTL c;1ocs c ypattoM 90 % 06ora­

lUCH1rn, ETP - I CJJOH c ypaHoM 36 % 06ora111e11JIJ1 . .Um1 

re1-1epHp0BaHIUl 11~1flYJlbCa IICTI0Jlh1YCTCll IIMflYJlbCHblll 

0.'IOK B 811,".(C amOMIIHIICB0II Tpy6bl. 

Onrn•111TeJibH011 oco6e1-11-1oc rblO rI IP-2 J1BJU1e1cJ1 11c-

110:11,J0Ba1-111e B K0HCTPYKUHII oi-pa)KaTCJHl HCIITPOHOB, 

1IpCJlCT3BJUIIOlUCf"0 K0JlllaK C TOJJLUIIIIOII CTCII0K 60 MM, 

OKpyiKUIOUlllll A3. MaTcp11a:10M 01-pa)l{aTCJl.ll .l!BJIJICTC.ll ro­

WlrCIIHU.ll C~ICCb II0JillflP0IIIIJICHa C 0Kl1Chl0 K<UIMIUI, '!TO 
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n0BblWaeT BblX0Jl raMMa•H3JIY'ICHl1JI ycrnH0BKH 11 CHHlKaeT 

B03MYlllCH~UI OT BHClllHI-IX ycrpoHCTB. 8 oi-pa)KaTeJie HMe­

eTCJI ccj)ep11•1eCKOC 0TBepcTwe ("IICH1'pOHHOe OKHO"), npe.n­

Ha3Ha'leHH0C JVl.ll 0611y'leH11H C M3KCIIMaJibHblM HeHrpOH· 

HblM cjJmoeHCOM. 

Pea1,TOp BMP-2M (B0.11.HbIH 11MnyJibCHhIH peaKTop) -

HMnyJibCHblli peaKTop C pacTBOpHOH A3 (p11c 5), B K0T0· 

p0M B K81.JCCTBC TOIUIIIBa wcnoJib3YCTCJl pacrnop C0J111 (ypa­

Hl1JlCYHh(jlarn) BbICOK006oraw.eHHOrO (90 % no 
235U) ypaHa 

B so.ue. TonnwBHblH pacrnop 3aJIIIT B npo'IHblH u11m1HJ1p11-

'ICCKHH repMeTH'IHblH Kopnyc 113 HCplKaBelOw,eii CTaJIH (Bbl· 

cora 2 M, )lHaMerp 0,68 M, T0JIIJ..IHHa CTCH0K 65 MM). 

8 ,llHHlUC K0pnyca BblTI0JIHeH nonycq>ep11'ieCKHH K3HaJI 

(IlCK) BHyrpeHHHM pa.11.HycoM 300 MM. K KpbIWKe Kopnyca 

npnsapeH ueHrpaJibHhIH KaHan (UK) c BHyrpeHHHM JIHa­

MeTp0M 142 MM 11 wecTb KaHaJI0B )1Jl.ll CTeplKHeH ynpasne­

HH.SI (nornowa101J..111e CTep)l(HH m rHJlPH.Ila J111T11J1), pacnoJio­

)l(CHHhIX paBH0MepH0 no 0Kp~H0CTH .11.HaMeTp0M 360 MM. 

Puc. 5. HHlKHHii 3aJJ peaKropa 811P-2M 

Kopnyc A3 pcaKTopa pa1Me1J..1eH B nepeKpb1TI111 MC)l(Jly 

JU!YMll HaX0JllllllHMIIC.ll JJpyr H8,'l .upyroM peaKT0pHblMl1 

1aJiaM11, TaK 'ITO HH)KHlll1 Topeu Kopnyca (c TICK) Haxo­

JUITCll Ha yp0BHe noT0JIK8 Hl!)l{Hero 3aJJa. Co scex CT0p0H, 

Kp0Me HH)l(Hero Topua, peaKTop 0KpyiKeH 6JIOKOM 6110JIO· 

fli'ICCKOH 33lll11Tbl (653) C MIIHHM3JlbHOH TOJIUlHH0II no 

6ernHy 1,5 M. B E:63 s6rnu11 nosepxttocrn A3 HMeeTC.ll 

ewe 3 )KCnepm1e1rraJ1bHbIX KaHam1: 60KOBOII, npOJJCTHblH 

Ka11anb1 n11a\ferpoM no JOO MM 11 -raK Ha3bIBaeMa.ll "waxrn" 

Ce'-!e1-111c~, 560 X 620 MM~. 

PeaKTop BMP-2M llBJIJleTcll nocJientteii Mo1.111cp11Ka11u-

6i ycrn1-1osoK cep,111 BJIP. 11epBall m K0T0pb1x 6b1Jia BBC· 

,".(eHa B '.)KCI1J1yarnu1110 8 1965 r. MonepHH38I.Hlll peaKT0pa 

6bIJia CBJl3,JHa C ycoaepweHCTB0B8HIICM K0HCTPYKUI1ll K0p-

11yca A3. Peai,.7·op Bl-1P-2M JKcrn1yarnpyeTc.ll c 1979 r. 

MaKCIIMaJlbHOe ")Hepr0BblJ.lCJICfUIC 8 mrnyJibCe B Ha•rnne 

6bJJIO orpaH11•1e110 BCJlll'lllfl0tt 80 M.U)I(. 3aTeM B CBJIJII 

C B03HIIKH0BCIIIICM nJiaCTI1'1CCKJIX necpopMaum1 K0pnyca A3 
M3KCmlaJlbH0e 'lHeproBbl,'(CJICHIIe 6bmo CHH)KCIJ0 .110 60 M.U)I(. 

B 1996 r. pa60Tbl Ha peaKTope 6bIJll1 np110CTaH0BJICHbJ llJUI 

nnaH0BOtt 33MCHbl K0pnyca. orpa6oraswero YCTaH0BJICH· 



r 

Hbitt cpoK. K T0MY speMeHH Ha peaKTope 6brno reHep1-1po­

eaHo > 2600 HMnyJibC0B. 3KcnnyaTaUHl! peaITopa c H0BblM 

K0pnycoM 6b1Jla 80'306HOBJJeHa B 200 l r .• Ii Ha HeM yll(e 

npose,ueH0 560 HMnynhC0B. Ha Tpex 11pe,Ubl.!lYW.HX M0.U.H­

cjH1Kaum1x peaKTopa Bl1P 6b1J10 npo113se.neHo 2407 HM­

nyn.hcoe. 

Pea,nop JiJ,ff P (6h1crpb11i HMnyJl.hCHbitt rpacjJHTOBbltt 

peaKTOp) l!BJJl!eTCl! caMblM MOUJ,HblM B MHpe 11Ml1YilbCHb!M 

peaKTOpOM Ha 6b!Crpb!X HeHrpOHax (pHC. 6). MaTepHan 

A3 - o.n11opot1.Hal! CMeCb Bb!COK006oraw,eHHOfO (90 % no 
235U) .!lH0KCHlla ypaHa c rpacjmTOM. OrnoweH11e 4Hcna 

l!,Uep yrnepo.na K 4Hcny x.nep ypaHa pasHo 16, 4TO no3so­

J1J1eT C 0,llHOH. CTOpOHbl UOJl)"IHTb B A3 3Ha4HTeJibH0e 3Hep­

f0BbJ,lleneHHe Ja HMnyil.hc, a c .npyroii - coxpaHHTb ,nocTa­

T04HO ll(eCTKHtt cnel<Tp HeHrpOHOB. 3To YHHKaJ!bHOe BbICO­

K0TeMneparypHoe KepaMWleCKOe T0l1JIHBO 6b1Jl0 cneu11-

aJlbHO pa1pa60TaHO Jlllil peaITopa El1r p 11 HJfOTOBneHO Ha 

Hoeoc11611pcKOM Jaeo.ne XHMH4eCIGiX KOHUeHrpaTOB. 

Puc. 6. PcaKTop 6lffP 

PeaKTOp eee.neH s :>Kcnnyarnu1-110 e 1977 r. C Tex nop 

Ha HeM 6bJJIO reHepHpoeaHo - 990 11MilYJibCOB 11 KBaJJIJ,IM­

nym,coe. A3 J.IMeeT cpopMy nonoro UJ,IJIHH,!lpa J,I C0CTOHT H3 

:>JieMeHTOB, cpopMa K0T0pblX aHaJI0ril'-1.Ha T0IIJ111Bllb!M 

K0JibUaM peaKTopa EP-1. 3oHa pa3611rn Ha 3 6noKa: Heno.n­

Blfll(llbIH 6JIOK, 6noK rpy6ofl perymtpOBKH peaKTI1BH0CTH 

II 6110K TOHKOli peryn11p0BKl1. B KaYeCTBe llMnynbCH0f0 

6JIOKa 11Cl10Jlb3yeTCl! CTanbHUl! rpy6a. A3 3UKJJIO'-l.e!la 

B repMefli4HbJii K0)KyX. 3anonHeHHblH rem1eM. Bs11ny Bbl­

C0K0f0 ypoBHll 0CTaTOYH0f0 raMMa-113J1yYeHJ1l! BX0.!l B pe­

anopttblH JaJI 3anpew,ett, no:>ToMy 06ny4ae.Mb1e o6beHbl 

,'.l0CTaBJlJIIOTCll K A3 (c npOTl1B0!IOJJO)KHb!X CTOpOH) JlHC­

TaHUH0HII0 Ha JlBYX ClleUilaJlbHblX Tenell(Kax. 

CY3 yCTaH0BKII 06ecne'-l.1tBaeT 803.M0Jl(HOCTb rettepa­

UHII B aBTOMaTll311posattHOM pe)KHMe HMllYJlbCOB Ha 3ana3-

)lblBUIOll.lHX uei1 I pottax pa3Jlll'-1.HOII cpopMbl, ll T0~l '-1.11CJ!e 

II npllMOYl'OJlbHOii. Mow,110CTb npu 3TOM M0)KCT MeHJITbCJI 

OT 0,5 JIO 500 MBT, )lJIIITeJlbHOCTb - OT 0,5 .no 100 C. MaK­

CIIMUJlbHOe :)HeprOBb!JieJ1eH11e - 300 M,all(. PeaKTOp MO)KeT 

pa6oTaTb Ta!OKe Ha CTaTl-t4eCKOH MOUJ,HOCU1 JIO 0,5 MBT. 

Pea...:rop THliP (rpattcnoprn6e11bHh1i1 11MnyJ1hCllbltt 

6b!Crpb!H peai,.,·op) - HM11YJlbCHb!ii peaKTop C MeTaJIJll1Ye­

CKOtt A3, s COCTaB KOTopoi-i JlJlJI ycrpatteHJlll TellJI0B0ro 

7 

ynapa 3a C'-1.eT 3aTJ1rnsattHJ1 HMnyil.hca seenett cnow rn.np11-

na U11pK0HHJI (ZrH1,9). A3 C0CT0HT H3 neyx 6nOKOB, Heno.n-

81-0KHOro eepxHero H fl0JlBH)l(HOro HH)l(Hero, KOT0pble 

e C0MKHYfOM COCT0j(Hl1H o6pa.JyioT wap, B nomoCH.h!e OT­

sepCTHJI B.6 Ii H.6 BBO,!VlTCji, COOTBeTCTBeHHo, perynHpyio­

ll.111H 11 HMnyil.hCH.h!H cTepll(HH. B A3 HMeeTCJI ropH30HTaJl.h­

H.hIH CKB03HOH KaHan 1lJl.ll. 06HY4eHHJ1 o6pa3UOB (pac. 7). 

PHc. 7. CxeMa peaKTopa TlliiP 

B6 11 HE HMelOT e CBOeM C0CTaBe 5 noJ1yccpepH4eCK!1X 

cnoes 113 cnnaea Bb1coK006oramettHoro (90 % no 235U) 
ypatta C MOnH6,aeHOM ( MaCCOBal! JlOJIJI 9 % ), CJJOH rn.npH.Ua 

UllpKOHHJI H nea npllMbIKalOJUHX K HeMy TOHK!iX cno,i 113 

ypaH-MOJJ116nettosoro cnnaea c Hl13KHM ( 15 % no 
235U) 

o6oraw,eHHeM Jlllil crnall(11BaHHJ1 cKa4Ka TeMneparypbl Ha 

rpatt1ute Tonn11ea 11 3aMe,!lJ111TeJ1J1. oJIOKJt A3 H OPP 3aKJiio-

4elihI B '¾eXJlbl J,13 Hepll(aBe!Ow,eii CTaJIH, 3UllOJlHeHHble re­

JJUeM. Pa3Mewem,e JaMe,aJU1TeJ1J1 e Macc11Be Tonn11Ba no-

3BOJIJleT coxpaHHTb cnel<Tp HeHTpOHOB B llOJIOCTH 11 Ha rpa­

HHUe A3 TaK!iM lKe, KaK Ii B A3 6e3 3aMe.nmnellil. 

PeaKTop 6bm see.nett B 3KCr1J1yarau1-110 e 1970 r. 3aTeM 

6brn nepe.natt s Hl1l1TT (r. JlbJTKapHHo). 

PeaKrop Plf P (pa1pyll!a10w,1-1i1cJ1 HMnynhCHbltt peaK­

Top) - HMilYil.hCHblH pea!<'fop, B KOT0pOM y,ueJJbHOe :rnepro­

Bbl,!leneHHe HaCTOJlbK0 BeJmK0 ( CM. Ta6Jl. 1 ), 4TO npoucxo­

JIHT cy6m1Mauu.J1 .nenJ1w,eroc,i MaTepHaJia 11 B3pbJBHoe pa3-

pywett11e A3. 

AKTHBHal! 30Ha peaKTopa npe.!lCTaBJllleT co6oii wap 113 

BblCOK006orauteHHOro ypaHa, OKpyll(eHHblH 6ep11nm1eBblM 

OTpa)KaTeneM. A3 JIMeeT uettrpaJJbHblH KaHan ,!lJlll IIM­

llYJ1bCHOf0 CTeplKHll H 60KOBble KaHaJJbl ,!lJIJI BKJia)lbJWeil, 

C noMOll.lblO KOT0pblX np0113BO,!lllTCJI 11pe.neapHTeJlbHaJI 

KaJ11-16pOBKa peaKTllBH0CTH. ,A!JJI na6opaTOpHblX peaKTOp0B 

C MeTaJIJl!l'leCKOH A3 nepexo)l BbJWe MfHOBCHHO.H 1'1)11n1'I­

HOCTII np11 rettepau1111 uMny1Ibca cocrneJIJleT $ 0, 1 [3.,.p. TTpu 

II0J!fOTOBKe 3KCnepHMeHT0B C peaKTOp0M PMP 6blJ1 pa3pa-

6oTaH pac4eTH0-3KCnep11MeHTaJlbHblli cnoco6 Kam16pOBKII 

peaKTHBHOCTII, r103BOJll!IOll.llltt IIOJIY'-1.IITb 3arnIa1rnpoeaHHb!e 

napaMeTpbl HMflYJlbCa np11 nepexoae Bblll!e MrHOBeHHOtt 

KpHTH4HOC1ll Ha - Jf3><j>. 
~Jill o6ecne'-l.eHH.JI HU,!lell(HOH 3UUJ,HTbl nepCOHaJla 

II 0Kpj",Kal0w,ei1 cpeJJ.bl OT B03,!leHCTBHJI ynapHOH BOJIHbl 

11 pa3JleTaIOll.l11XCJI paw10aKTHBHblX MaTep11aJI0ll 11p11 npo­

se,ueHHH TaKl1X 0llbJTOB 6b1Jla pa3pa60TaHa cneumuu,Hal! 



B3pb1B038UJ,HTH8JI KaMepa (p11c 8). CneUHa.rJIICTaMH 

BHl1l13(!) 6blJ111 nO.D,l'OTOBJJellbl H npoae.D,eHbl 2 )KCnep11-

MeHTa C peaKTOpOM Pl1P, KOTOpble fl03BOJJHJJH oueHHTb 

llOCJle.D,CTBllJI B03MO)KHOH aaapHH Ha 11JIP. 

PHc. 8. B3pb1B03a11urrHaJ1 KaMcpa ,'.UTJI pcaKTopa PHP 

2. 06ecneqenuc 6eJonacuou :rn:cnnyaTauuu 
HMnym,CHblX peaKTopon 

)l.ll! rettepau1111 11M11y1lhca I15IP 113 no.uKpHTH4ecKoro 

no 3ana3,!lbtBal-OUJ,HM HeihpoHaM COCTOJIHl1JI (m160 113 co­

CTOJlHl1JI paJrOHa C 60JJbWHM nepHO)lO~) JlOJJ)KeH 11CKa4-

KOM11 nepeBO)llfTbCll B COCTOJIHHC Bb!We MI'HOBe1rnofi Kp11-

Tll4HOCTH, T. e. B HCM CflCUHaJlhHO C03llal-OTCJI YCJJOB~lJI. 

KOTOpbte B 06bt4HOtt peaKTopHoii TeXHIIKe KJiacc11qm1111py­

lOTCll KaK peaKTHBHOCTHaJI Jl,lepHaJI aaapHll. 

)ln.11 o6ecne4eHH.II 6e3onaCHOCTl1 Heo6XOLlllMO TO'-IHO 

onpenem!Tb peaKTHBHOCTb, BHOCJ{MYl-0 111,myJJbCHbJM 6110-

KOM, a TaK>Ke o6ecne411Tb HellJMeHHOCTb reoMeTpH.11 A3 
II pa3MClUeHJUI 06;1y•meMJ,JX o6beKTOB llOCJJe npOBe..'.lemtoii 

Ka.rJ116poa1rn. 3To oco6e11Ho aa:+mo .D,:1.11 peaKTopoa c Me­

laJu111•1ecKoi-i A3, l;..!C nepeXOll Bb!WC Ml'IIOBCJIIIOtt Kp11111•I­

IIOCTII ,!UHi re11cpauim HOMHllaJlbl!OfO H~IIIY'lbCa COCTaBJl.11-

eT acero - 0.1 ~"~ (l Oc). 

Ba;KHhJM .[IJJ.11 06ec11e•1e1111.11 6e3011ac1-1ucT11 I IBP J1BJJJ1-

eTc.11 11cnoJJhJOBa1111.e p.:>K11Ma re11ep11poaa1111J1 m.mynbca. 

KOr)la peaKTOp HHXO,'lllTCJI B HH..lKp11 rtJLJeCKOM COCTOJlflllll 

("crpeJtb6a C MOlUHOCT11
11

) B )TOM C,ty•rne 06ec11e•111aaeTCJI 

IIOCTOJIJIHbltt KOHTpOilb crapTOBoii ( uepe..:i B130,10\1 IIM-

11yJ1bCHOro 6,JOKa) peah7 IIBHOCTII. Tt!M Ca\tbl\1 yc-rpatll!ClC)I 

OJlaCHOCTb 11e11pe)..lBll1lCHIIOro lt3\1t'HCHllll peaKJ IIBHOCTII A3 
B npouecci: BblCBC'!llllaHJIJI .lanaJ:lblBatOlUIIX I1e111pOHOB 

11p11 11c110J1h 1oaaH1111 KJ1acc11•1ecKoro cnoco6a re11ep11posa­

HIIJ1 IIMIIYJlbCa (113 llO/lKPII l ll'lt:CKOro COCI Q)!Hf l)I ). PeJKml 

llj)OIIJBO,'lCTBa 11MllYJlbCa C MOlUHOCJ II ll{)ll!\lt.!HJICTCll Ha 

1151P 6JffP 11 f!IP-2 
)l1rn peaK'ropa bP-1. KOHCTJ))'Kmrn KOi opot u He 1to­

"JBOJJJ1el l!CIIOJlb.lOBaTb yi-aJHHHbtii pe;i.;11M, 11a116on1,111) 10 

011ac11ocTb 11pe1tCTaBJ1l!eT p,npyweHIII.! lt!IIJJOBbl;.lCJUIIOlUIIX 

)JICMCHTOB (T3) C B03MOiKllblM HeKOH rpom1pyCMblM CMe­

lUCHIICM HX 4aCTC!t. )l;1.11 o6ecnt:'ICHl1JI KOHTpOn)I UCJIOCl -
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HOCTti T3 pa3pa6oTaHa CIICUllaHbHal! MCTOllllKa [4]. n0380-

nJUO[UaJI Ha OCHOBaHtu1 aHa.rJlna KOJ1e6aH11tt MOIUHOCTl1 11a 
11
XBOCTe" 111,111ynbca onpe.Ul!JJIITb MOMCHT o6pa'.lOBaHllJI JlC­

cpeKTOB B T3. 

Bo BpeMJI HMIIYJlbCa )..lCJJCflllii KaiK)..lbltt T3 11p11XOI1IIT 

B KOJle6aTCJlbllOC JlBHJKCHlll! cu csoeii COOCTBCHHOfi 48CTO­

TOtt II B npouecce CMCUJ,CHll!t BHOClll CBOH BKJia;:t B 113MCHC­

Hlle peaKTllBHOCTIJ CliCTCMbl. 3m. B CBOIO 04.Cpe,...tb, llpHBO­

JllH K H.3MCHCHl1!0 l1JJOTHOCTH IIOTOKa 11efi-rpOHOB yre4KJI. 

OctmBy MCTOllHK11 B q>M31!4CCKOM l!JtaHe COCTaBJIJIIOT cne­

,!ly!Ow,Me 110fl0)KCH~: 

- cneK-rp KOJJe6aHHtt MOUJ,HOCTII peaKTOpa Ha "xaocre" 

HMilYJlhCa JlCJICHJ,iH Henocpe,!lCTBCIIHO CB.113aH co cneKTpOM 

MCXaHHlf.CCKHX KOJJe6aHUH TOilJIHBHhfX )JJeMeHTOB 8KTHB­

HOH 30Hhl; 

- cneKTp MCX8Hl14CCKIIX KOJle6aHHH 1!3MCH.IICTC.II npH 

llOJIBJlCHHH B TOflJJHBHblX 3JlCMCHT3X ..ae<jJeirIOB (TPClUIIH). 

MeT0).111.Ka 33KJ1!04aeTCJI B per11c-rpau1111 38B11Clll\10CTl1 

MOll.lHOCTH peaKTopa OJ speMeHH, onpe11e;1eHID1 CIICK­

TpaJJbHhlX xapaKTepHCTHK KOJ1e6am1it MOLUHOCTH Ha "xao­

cre" HMnyJJbCa H llOCJICJlYIOlUCM !IX cpaBHCHHH C COOTBCT­

CTBY!Oll.lltMH BeJJJl'lllllaMl1, 1aperncrp11poBa1tHblMII )..I.ill! IIC­

XO)..ll!OrO (ace T3 He IIMCIOT .ueq>CKTOB) COCTOJIHHJI A3. 
KptrrepMeM UCJlOCTHOCTII T3 JIBJJJICTCll. COB11a,1ett11e )KC­

llJJyarnu110HHblX CTTCKTpaJlhHblX xapaKTCpllCTHK co cneK­

TµaJlbHbJMH xapaKTep11CTHK3Mll HCXO,!lHOro COCTOll.HHJI A3. 
3Kcnep1-1MeHTaJlhHaJ1 o-rpa6oTl(a MCTOllHKH npoaeneHa 

Ha .uayx peaKTopax, EP-1 11 El1P-2M, 0Tru14a1-0m11Xc.11 KOH­

ci-pyKU11ei1 A3. Dptt npoBC,!lCHllll )KCnepHMCHTOB B A3 
i.{aHHblX peairropoa 6e3,ue<jJeK'fHbJe T3 3aMeHJIJJHCb Ha T3. 

IIMe!OlUIIC .ueqieirr (rpew,11Hy). Pe3yJibTaTbl OTTblTOB non­

raep,!l11Jlll OCHOBHYIO 11.ue1-0, 3a.rJO)Ke!rnyI-O B pa3pa60TKY 

MCTOllllKJI: CllCKTpbl KOJle6aHIIH 6e3)leq>eKTHhlX II llCqJCKT­

HblX T) H!\ICI-OT 4CTKIIC paJJJJl'lll.11. 

Ocyu1ecrn11e1111c npe,uno)l(errnoro c11oco6a .rurnrno­

cn1K11 110180nJICT IIOCTOJIHHU (nocne Ka)K,!lOJ'O l1Mnynbca) 

KOHTj)OJll!pOBHTb COCTOll.Htte T3 a A3 l!MflYJlbCHOl'O peaK­

Topa C MeTaJUIJl'leCKOh A3 II TCM C3MblM cyweCTBCHHO 

IIOBbJWaeT lll1Cp11y1-0 6c30IJ8CIIOCTb np11 )KCl1J1yaTau1111 pe­

HKTopa. 

TTpoae.aeH KOMl1JlCKC pa601 110 paC4CTHOMY MO,..lCJlll­

poaatllOO noae;:ie11HJ1 T3 peaKropa A3 6P- I 11p11 reHep11po­

BaH111I ll~tnYJJbCOB C pa3JJJ14HbIM )t1eprOBblJlCJJeHl!CM [5]. 
Onpe.ue11etto BJJJ1J1H11e reoMei-pim T3 1-1a aem1•111Hy B03HH­

Ka10w11x a H11x 11anpIDKeH11r1. Onpe,uene110 npe,!leJJhHoe 

HtCproBbl;:tCJICHIIC (- 3. IO 
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,i.lCJICHl1ii ), COOTBCTCTBYI-OUJ,ee 

H84aJIY IUtaCTll'lCCKOro ne<jiopM11poaa1111.11 TOllJ!llBHhlX )JlC­

\fCHTOB. no pc'lyJlbT~ll a\l npoae,rieHHblX IICCJJCIJOB81lllfl 

a1,16pa11a KmIcTpyKu11.11 Hoaoii A3 peaKTOpa 6P- l. 11p11 )TOM 

pa1:-.1epbI A3 11 Macca ,1e;1.11w,erocl! MarepI1rurn ()lM) 11paK­

rn4ecK11 ue 113\ICIIIIJJHCb. 0CHOBflOC OTJJJl411C HOBOH KOHCT­

PYKU1111 - y:-.tCHbWCHHe B J18a pa3a 81,ICOTbl OCHOBl!Ott LJaCTH 

T3. B Ka4CCTBC M,1Tep11a;ia A3 01,16pa1-1 cnnaa BhlCOK0060-

I a1UemIoro ypa11a c ~1orn1611eHOM (Maccoua)I JlOJtJI IO%) 
rn11a HG-135 pa3pa60TK11 BHHHHM. no oueaKaM. pecypc 

HOBOii KOflCl'J1YKUIIII A3 0)-;..teT YBCJlll'ICH B - 8 pa3. KpoMe 

Toro, rcpMern1au11J1 T3 B BepxHc:-.1 II Hll>KHCM OJIOKHX A3 
6y)]el 06ecue11eHa caapHblM WB0\1, '110 ll03B0JlllT IICKJJI0-

1111Th 11x Kopp03111-0. ,ll,ernm1 .nnJ1 HOBOH A3 EP-I y>Ke 11Jro-



T0BneHbJ Ha C1161-1pCKOM XHMJ11-!eCK0M KOM6HHaTe. Tipoae­
.neHHe cjlH3Hl.feCKOro nycKa HaMe'leH0 Ha K0Heu 2007 r. 

PacTBopHbltt peaKTop BMP-2M 11smIeTc11 HaHMeHee 
onaCHOH ycTaHOBKOH. 3TO o6ycnoaneHO MaJlblM K0RHl.feCT­
B0M .uen11meroc11 MaTep11aJia a A3 H 3Ha':111Ten&HblM TeMne­
parypHbrM K03q>q>HUHeHTOM raweHHJI peaKTHBH0CTJ1 

(- 0,07~,4/
0C). O.uHaKo npH reHepau1111 HMnyn&ca np0Hc­

xo.n11T BCKHnaHHe H paJneT TonnHBH0ro paCTB0pa, 'lT0 
npl1B0.D.HT K 803HHKH0BeHl1!0 B JaWHTH0M Kopnyce A3 Me­
X8Hl1'leCKHX Hanp.s!)KCHl111, cpaBHHMbJX C npe.nenoM TeKyYe­
CTH. Tio:noMy .!lnll o6ecneYeHHII 6eJonaCHOl1 3KCnnyaTaUJ.UI 
peaKT0pa np0B0.D.HTCS! K0HTp0!lb C0CT0SIHHJI K0pnyca 11 ero 
nepH0.UHYecKa11 JaMeHa. B HBCT0l!IUee apeM.si so BHI1l13<l> 
np0B0.D.S!TCll pa60Tbl no C0J,!laHHIO Mo.aen11 BCKHnaHl1ll T0n­
nHBHoro pacTBopa H pac'leTH0MY onpe,neneHJ110 MexaHH':le­
CKHX Harpy30K Ha 3alUHTHblH K0pnyc, B0JHKKalOIUHX npH 
reHepHp0BaHHH HMnyn&ca. 

B&16op 0nTHMaJlbHOl1 K0HCTpYKUHH A3 1:-UIP, cneu11-
aJlbHIIJI npoue.aypa KaJIH6poBKH OPP nepe.a K8)K.lJ.bIM 11M­
nyn1,coM, .!lHCTaHUH0HHaJI CHCTeMa ynpaaneHHS! H M0IUHal! 
611onornqecKIIJI 3aw11Ta, a TBK)Ke Bb!C0KIIJI KBaJIHq>HKaUHII 
nepcoHana, nocT0l!HHM pa6ora no TeXH11qecxoMy coaep­
weHCTB0BaHHIO H K0HTp0nlO C0CT0l!Hl1ll ycTaH0B0K o6ec­
ne'll1IIH 6eJonaCHOCTb pa6oT. Ha 1:-UIP 3a 40 C nHIIIHHM neT 
11X 3KCnnyaTBUHH npH reHepHp0BBHl1H > 11000 KMnyn&C0B 
He 6&rno HH 0.!lHOl1 ll.!lepH0H aaapHH, T. e. CHTYBUHH, CBll-
3BHHOl1 C nepeo6ny'-leHJ-teM y'-!aCTHHK0B pa6oT HRH 3arp,i3. 
HCHHeM 0Kp~a10meii cpe.!lbl. 

Bee ycTaH0BKH paJMemeH&J a cneuHan&H0 nocrpoeH­
HbIX J)laHHllX C JalUHTHblMH )KeneJo6eTOHHb!MH CTeHaMH H 
n0T0RK0M. Tipoae.ueHHblH aHaJIH3 6eJonaCHOCTH Il0KaJaJI, 
'!TO HH npH O.D.H011 HJ B0JM0:JKHblX aaapwii Ha lUlP 11 CKC 
He Il0Tpe6yeTCll 0TceneHHe HaceneHHJI J.13 )KJ.1R0H 30Hbl, 
a KpHTepH11 npHeMneMoro pHCKa M0ryT Hapy111aTbCll T0nb­
K0 B 30He BeTpOBOl1 TeHH C00TBeTCTBylQIIIHX 3.UaHl1H [2]. 

3. IlpoBe,neuue ucCJie.llOBauuu 

C HCflOJlh30B3HHeM peaKTOpHhlX YCT3HOBOK 

5on1,wa,i YaCTb HMnyn&coa Ha I15l.P 61,rna 11poae.neHa 
B HHTepecax HCilbITaHJ1JI Ha pa.uwauH0HHYIO CTOl1KOCTb pa3-
mtl.fHblX MaTepHan0B, yJn0B, npw6opoa H T . .u. [2). O.nHaKO 
HMnyn1,CHble ,i.uepHble peaKT0pbI l!Bnl!IOTCII YHHKBnbHblMH 
ycTaH0BKBMH AJUl npoae.nettJ1JI CaMblX pa3H006pa3HblX 
)KcnepHMeHT0B, npe,!lCTaB!lJIIO!llllX HCKIIIOl.fl!TenbHblH HH­
Tepec. 

Ha 6a3e peaKTopa 5l1fP C03)J.BH K0M!UleKC )].!Ill npo­
ae.uernui HCllblTBHl1H o6pa3UOB Tenn0Bhl.UeIIJIIOIUliX :>ne­
MeHT0B JtteprCTll'-ICCKHX peaKT0poa B ycJJOBHJIX peaKTIIB­
HOCTHOH aaap1111 (nma RIA) [6], npose.nettbl JKcnep11111eH­
Tbl 110 ll0JIY'fCHHIO YHbTpax0JI0llHblX HeihpOHOB [2). 

DOJlbWOH o6beM HCcne11oaaHHH C HCll0!lb30BaHHeM 
ll51P 811P, 511P, 5P-1. Tl1EP. 5JffP fMP-2 61,1J1 Bblll0JT­
HCH 110 upo6JICMe JIB'.lepoa C llllCpHoii HaKa'lKOi1 (JI51H) 
11 ll.lleptto-ournYecxHx upeo6pa3oaaTeJJeA (5l.OIT) [2]. 
BnepBbJe B MHpe reHepaUIUI HMllYJlbCH0l'O raJ0B0ro JIB3e­
pa, B036Y',KJJ.8eMoro 0CK0IIK8MII J1eJ1ett1lll, 61,111a II0JIY'feHa 
so BH11113¢ rm peaKrnpe Bl1P-2 a 1972 r . B 90-x rr. co-
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CT0l!nac1, 1lCM0HCTpau1111 pa60Tbl ra:ioaoro naJepa, BOJ6y)K-
11aeMoro 0CK0!IKBM11 .neneHl1JI, B Henpepb!BH0M pe)KHMe Ha 
3KCnepHMeHTBRbH0M K0MnneKCe nM-4/E}ITP. TioKaJaHa 
3KCnep11MeHTMbH0 npHMeHHM0CTb yCTp0HCTB Ha 6aJe 
ilOn ,!lJlll o6ecne':leHHSI K0HTp0M n0T0Ka HeHTpOHOB 
8 lUlP H 8 A3 ll.llepHblX 3HepreTH':ICCKHX ycTaH0B0K H HX 
6bJCTpo.ae11cray10meH asapHHH0H Ja1UHT&1. 

CosMeCTHo c BIDill<l>TPM Ha peaKTopax EP-1, I11P-2, 
EP-Kl coJ.aatt&I K0MnneKCbI Mo.nenHpy10mwx onopHb!X Hew­
Tp0HHblX none11 (MOil-K, MOI1-Kl, MOTI-K2). Ha peaKTope 
fMP-2 6bln opraHH30BaH 11 npose.aeH UHKn 11a6oparnpHblX 
pa6oT .nn.si cTy.neHT0B Cap<l>TM. 

B ttaCTOJ11Uee speM.si cosMeCTH0 c BHMM<l>TPM npo­
B0)lJITCll pa60Tbl, HanpasneHHblC Ha C0J.!laHHC Ha 6aJe pe­
BKTopa EP-Kl o6paJuosoro cneuwanH3HpoaaHHoro HCT0'-1-
HHKa peaKT0pHbIX raMMa-KBaHT0B (OCM-f). 

4. CTeH.llhl JlJIB KpHTH'leCKHX c6opoK 

TiepBblH KpHTMaCCOBb!H 3KCnepHMeHT 61,rn npose11eH 
rpynnoii r. H. <l>neposa s l!eM6HHCKe-40 a 1949 r. [2). 
B JJ.aJI&HeilweM so BHMI13¢ .ll.IIJI npose11eH11J1 onblT0B 
C pa3MHQ)Kal01UHMH CHCTeMaMH 6brnH pa3pa60TBHhl cneuH­
BnbHble CTeH.llbl .ll.IIJI KpHTH'-!eCKHX c6opoK, K0HCTpYKUHJI 
K0T0pblX cosep!lleHCTB0Banac& no Mepe HaKonneHltll 0nbl­
Ta: <l>KEH (1950 r.), ¢KEH-I (1955), MCKC (1959 r.), 
<l>KEH-2 (1963 r.), <l>K.5H-2M. O61UHM ,nn,i acex creH.nos 
l!BIIJIR0Cb paJ.neneHHe pa3MHO)Ka!O!lleH CHCTeMbl (PC) Ha 
.!lBC ':laCTH (aepXH!OIO H HH)KHJO!O), npH 3T0M aepXHllll 
'laCTb co6Hpanac1, Ha tteno.as11)KHOH (nH6o nepeMe1Ua10-
1Ueiic,i T0RbK0 B ropH30HTMbH0H WlOCKOCTH) Il0.llCTaBKe, a 
HH)KHJ!ll qaCTb - Ha CTone, KOTOpb!H 3BTCM ,llHCTaHUH0HH0 
no11HHManc,i, o6ecne'-IHBM c6nl.f)KeHHe '-!acreii PC. Aaa­
pHHHM JalUHTa 06ecneq11sanac& Ja C'leT c6poca crona no11 
)J.eMCTBHeM CHnbl Tl!)KeCTH. 

KpHTMBCCOBble 3KCnep11MeHTbl [2, 7) np0B0,llllTCll Ha 
CKC ¢KEH-2M (pwc. 9). C6opKa npoHJB0.!lHTCll c wcnon1,-

30BBHHCM YHl1q>HUHpOBBHHblX K0MWleKT0B nonyccpep11qe­
CKl1X 11eTaneii 113 11eI1J1WHXCll (.[{M) 11 11HepTHb!X Marepwa­
II0B. 11ccne.nyeMBll paJMH0>Ka101Ual! CHCTeMa (PC) p83,!leIIJl­
eTCll Ha .nae '!aCTH: sepXHIOIO H HIDKHIO!O. CHa'-!ana Ha CT0-
ne CTeH11a, K0T0pblH M0)KeT nepeMelUBTbCll no aepT11KBnH, 
co6wpaeTCll HH>KHllJI 'IBCTb PC. 3aTeM Ha KapeTKe, K0TOpa,i 
M0)KeT nepeMewaTbCll B ropH30HTBfilHOH nn0CK0CTH, co-

6wpaeTCll aepXHllll ':IBCTb. 3TH no11roTOBHTe!lbHble pa60Thl 
Bblll0nH»IOTCll nepcoHan0M BPY'fHyro. C6m0Kem1e Yacrei1 
PC (nepeMelUCHHe KapeTKH B pa60•1y10 110311UHIO 11 110,!lbeM 
CTOna) np0H3B011HTCll ,1U1CTaHU.110HH0 J.13 llYilbT0BOH. Aaa­
pHHHal! 3amma o6ecneYHBanacb 3a cl.fer c6poca crnna non 
11ei1CTBHCM CHJlbl Tll>KeCTH. 3a 11po111e.uwee apeMll 6b!JUI 

113)"-leHbl 11apaMe1'pbl - 1000 pa3J!H'lHhlX p83MH0lK810ll.(IIX 
CHCTeM. lh HHX 0K0JI0 fl0JJOBHHhl npaKTH'-leCKH ll0B01lH­
n11cb .no KJ)l1Til'ieCK0ro C0CT0l!Hllll. 

Tiocne aaap1111 Ha ycTattoaxe ¢KEH-2M a 1997 r. [8] 
JI pa360pK11 aaapHMH0H pa:3MHO>K8IO!Uei1 CHCTeMbl npose­
,uett11e KpliTMaCC0BhlX 3KCnep11111eHT0B 6blJIO apeMeHH0 
11p110CTBH0B!letto. Dbl!IH npoattaJIJ.13HpoaaHbl npH'111Hbl asa­
p1111 11 11poae11e11 aepOllTHOCTHblH attan113 6e30llBCHOCrn 



Bbmomtile~u,1x pa6oT. B KOHC'fPYKJ.lli!O <l>K6H-2M, a TaIOKe 

B pernaMCH1 npoee.nem111 :>KCnepHMeHTOB 6 blJJli BHCCeHbl 

ycoeepweHCTBOBaHIUI, HanpaBJJCHH.hle Ha IlOBblllJeHHC 

6eJonac ttocrn pa6oT [7]. 

Puc. 9. Kp11TW1ecKr1if cTeH.ll <I>KEH-2M 

flepe.n Hal.JaJJOM pa6oT npOBO.llHTCJI npe.naap,neJII,HhlH 

pacl.JeT, Onl1Cbl83IOLUHII HJMeHeH11e Kl</> B npouecce c6opKH 

PC ("KOMOblOTepHblH :>KCnepHMCHT"). 3TO OOJBOJIJICT Bb!-

6paTb onrnMaJJbHYIO Kottqmrypau1110 PC. Ctta1.Jana e pa6o­

ry BblllatOTCH .llCTaJlll 113 .neJIJ11lleroc11 MaTep11ana (.UM) 
TOJlbKO anJ1 c6opKJ1 HH)l(Hero 6noKa (HE). CHcTeMa ynpaa­

neHHJI 11 JalUHTbl npH )TOM 06ecne1.J11aaeT aBTOM3Tl14eCKYIO 

.llOCTaBKY Hett-rpOHHOro HCTOI.JHHKa K Mecry c6opKH HE. 

Tiocne JaeepweHHJI c6opKH HE JaKpb1eaeTCJ1 cerKOH, npe­

.nornpama10LUei1 np116mt)KCHl!e K HeMy nOCTOpOHHIIX 

npenMeTOB. Hett.-rpOHllblH HCTOI.JHHK npu )TOM nepeMeLUa­

eTCJI K Mecry c6opKH eepxttero 6noKa (BE). Tiocne JToro 

Bbl1la10TCJ1 aeTaJJH H3 ,LlM H npo113eoamcl! c6opKa BE. 3a­

m11maJ1 ceTKa C Ho Y/laJll!CTCJI aBTOMamYeCKH np11 llHC· 

TaHUIIOHHOM nepe11-1emett1111 KapeTKH C BE B pa601.Jee no­
flO)l(CHlle. 

B HaCTOJIJ.Uee epeMJI ycTaHOBKa <l>KEH-2M HHTettc11a­

HO IICIIOflb3YCTCH llflll npoae.11em1J1 pa3llll'-1Hb!X :>Kcnep11-

\!CHTOB, CBJl33HHblX, B '-18CTHOCTH. C pa3B11THeM Jl.llepttoil 

:>HeprentKII II YTO'lHCHl!eM HeilTpOHHblX KOHCT8HT. 3a no­

cnemrne 5 neT Ha ycTaHOBKe npoaeneHbJ 11ccne,uoaaH1111 

Jl,ilepHO-QH13!14eCKl1X xapaKrepllCTIIK Moneneil )1(11,llKOCOJJe­

BOro 6naHKeTa, KaCK8,UHOro 6naHKeTa ,UJIJI :rneKrpOJl)lepHOil 

ycTaHOBKH C noporoBblM nenJllUHMCJI BeLUCCTBOJ\f 237Np. 

p83MHO)l(a!Q[Ul1Ml1 CHCTCM8MII, CO)leplKalUMMII aaHa.1111il. 

CBllllCU 11 ,llp. [7]. 
B 1Kcnepm1eHTax tta CKC rnKiKe orpa6aTb1BaeTCJ1 Me­

TO.llJJKa onpe)leneH1111 pa1MHO)K3IOIJ.lllX CBOHCTB rny6oKO 

00.llKPIITll'JeCKHX Cl1CTeM, '-ITO 001B0JIJleT llOBblCllTb 6e10-

11aCHOCTb npouecca c6opK11 PC Ha CKC, A3 peaKropa, 

a TaK)Ke npoaeneHHJI TeXHOflOnt4eCKIIX onepaw111 C .UM Ha 

np0113B0LlCTBe [7]. 
8 'laCTHOCTH, 1Ta MCTO)ll1K3 6bJJla IICIIOflb30BaHa npH 

11poaenemrn cjnn111.JecKOro nycKa CKC 11KAP-C [9]. Ll,att­

Hhiii CTCH.U C03.113H .lVlll ')KCnepHMCHTaJll,HOro JICCJIC.llOBa­

lllUI Jl,llCpHO-q>ll311'-leCKHX xapa1-."l'ep11CTIIK PC, Monem1py10-

IJ.lllX peaKrop-na3ep HenpepblBHOro .nettCTBHH (p11c. I 0). A3 
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KpHTH'lCCKOfO CTeH)J.a 11pe.ncTaBJIJleT co6oii Ky6HI.JCCKYIO 

rpaqrnTOBYIO Marpuuy c paJMepoM pe6pa - 2,4 M, a KOTO­

pott paJMematoTCJI 9 MOJ.1y11e11 c .UM. Ka>K,11b1i1 Mo.nynh co­

CTOMT 113 2 CCKUllil. CeKU~III BKJIIO'i3IOT B ce6.11 tta6op 1.Jepe­

.nyJOJ.l.l,11XCJI cnoea rpacjmrn H ,llHCnepCHOHHblX ypaH­

rpaq>HTOBblX TB)JJOB. Kp11Tl14CCKOe COCTOJIHHe PC Ha CTCH­

ne l1KAP-C 6bmo AOCTHrHYTO a HIOHe 2006 r. B ttacroJ1-

IJ.lee BpeMJI CTCH.ll roTOBHTCJI K BBO.llY B :>KCOJ1yarnu1110. 

Puc. I 0. Kp11rn'lecKim CTCH.ll HKAP-C 

5. IIo,nroTOBKa nepcoHaJia 

AHaJJH3 aaapllli, l1MCBWl1X MCCTO Ha peaKTOpax 11 KJHI­

Til'leCKJiX c6opKax [8] noKa3bJBaeT, '!TO HJ 38 aaap11ii 23 

o6ycnoaneHbl TCMH HJ111 HHhlM11 OWH6KaMH nepcottana 

a 11pouecce ynpaanett1111 ycrnttOBKOH HnH nposeneHHH Tex­

Honont1.JecK11x onepauHH. 16 aaaplUIM MO)KHO npHCBOMTb 4 
ypoaettb 110 MelK.nyttapO.llHOH wKane J1!1epttb1x co6h1T11ii 

(111Ka11e INES). np11 JTOM I I 1n HHX HBHJJHCh c11e,1crnHeM 

ow1160K 11epcotta11a. 8 asap11il 4 yposHJ1 np11aen11 K ri16eJ111 

n10.:iei1. np11 JTOM 7 11po113own11 110 a11tte nepcottana. 3rn 

ewe pa3 no.urnep)K,llaeT orpo~IHoe amutHHe 1.Je11ose1.JecKoro 

q,aKTopa tta 06ecne1.Jem1e 6eJ011acHocT11 npa npoae.11ett1111 

pa6oT Ha IICCJlC,J.OBaTeJlbCKIIX pea""TOpax u KpllTHI.JeCKHX 
CTeH,J.8X. 

Tio:>TOMY 00,llfOTOBKe nepcottana 11.nepHO-cj>H3ll'ICCKIIX 

ycTattosoK. a 1.JaCTHOCTII, nepco,rnna CKC, ynenJ1eTcJ1 oco-

6oe BH11MaH11e. Ha 6aJe ycrnHOBKJI <l>KEH-2M pa1pa60TaH 

IIOJIHOMacwrn6HhlH -rpe11alKep, fl03BOJIJIIOLU11il C HCTIOJlbJO­

Bam1eM Jll!Wb .neraneii 113 CTaJJIJ OOJIHOCTblO HMIJTHpoaaTb 

npouecc c6opK11 PC 11 BhlBO,Ua ee B KpllTIJ'-leCKOe COCTOJI­

Hlle, I.JTO 06ecnetJ11BaeT OOJIHYfO 6e3onaCHOCTb npH npoae­

,llCHIIII pa6oT. Pa6orn a pe)KHMe -rpe~talKepa conpoao)l(na­

eTcsi TaKIIM lKC. KaK np11 WTaTHOH pa6oTe, Ja.ueiiCTBOBUHH­

eM scex MexaHH3MOB ll opt a HOB pe1ym1poaaHIIJI yCTal!OB­

KII. lbMeHeHlle HeihpOHHO-QJll311'1CCKHX napaMeTpOB M0-

.11ern,11oil c6opK11, paCC'lHTb!BaeMoe KOMllhlOTepoM, 0T0-

6palKaeTCJI B IIOKa3aHJIJIX WT8TllblX np116opos. ,UaHHhlil 

-rpeHIDKep TJ03BOJIJH:T 06ecne•111Tu 110.UfOTOBKY Ka.npoa II no.u­

nepiKaHIIC KBaJIJIQ)lfKlliUU1 pa60TI110lll,IIX c11e1i11amtCTOB [7]. 
Ha peaKTOpe rvtP-2 6hin11 llO,llfOTOBJICHbl II npoaene­

Hhl 1rn6opaTopHbte pa60Tb1 ru111 cTyneHTOB CapoacKoro 
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cpH311KO-TCXHll'-leCKOro HHCTHTyTa. OHH BKJIJO'-laJIH CHJITHe 
KpHBOH o6paTHbIX '-!acoe, onpeiienem1e "eecon" opraHoe 
perymtpoBaHIUl peaKTHBHOCTII, 011peiie11eH11e BJllUIHH.!I OT­
pa)KaTeJJeii Ha peaKTHBHOCTh CHCTeMbl H .up. Ha peaKTOpe 
fI1P-2 npOXOA!1JIII 06}"-leH11e 11 COTPYAHHKII opraHOB rocy­
)lapCTBeHHOro Hamopa 3a .11.uepHOH 6e3onacHOCTbJO. 

AHaJIH3 aeapw, [8] IIOKa3bJBaeT TaK)Ke, '-ITO B p.11,ne 
CJl}"-IUCB (no KpaiitteH Mepe, B 11 H3 38 paCCMOTpeHHhlX) 
K aeapmt MOrJJO np11eeCTH Hea,neKBaTHOe 0CIIX03MOUHO­
HaJlbHOe COCTO.!IHHe HCOOJIHHTeJieH, .!IBJUllOIUIIXC.!I, e 6oJib­

WHHCTBe CBOeM, BbJCOKOKBaJIHcjll1UHPOBaHHblMl1 cneu11an11-
CTaMH. Cy1UeCTBe1111oe BJIHHHHe nCHX03MOUl10H3JlbHOfO 
cocTOHHl1H nepcoHana Ha ero tta)le)KHOCTb (T. e. cnoco6-
HOCTh o6ecne'-IIIB3Tb 6e3onacHoe Bbll10JlHeHHe pa6oT) OT­
MC'-laeTC.!I II B .upyrnx o-rpaCJlj!X npOMhlWJICHHOCTH. ITo:JTO­
MY eo BHI1I13<1> cosMeCTHO co cneu11an11cTaM11 CaHJlltH­
cK11x 11au110HaJlhHh1x na6oparnp11i1 11 CaHKT-TTe-rep-

6yprcKoro rocy.uapcTsettttoro yH_1rnepc1neTa pa3pa6aTbJBa­
eTCJI MeTO,llHKa onepaTHBHOfO KOH'fPOM 3MOUll0Ha.JlhHOfO 
COCTO.!IHl1H co-rpy.UHHKOB nepe.u npose,neHHeM .!l.!lCpHO­
onacHblX pa6oT (npe,ncMeHHblH KOHTJ)OJib), Btte.upeHHe KO­
TOJJOH fl03BOJl.11T cy1UeCTBeHHO flOBblCHTb 6e30113CHOCTh 
JKC11J1yaTau1111 .11.uepHO-cp113K'-!eCKHX ycTaHOBOK. 

Bo BHI1I13ct> nocrn.11HH0 ee.n}'Tc.!I pa6oTbI no co3.ua­
H1110 H,llep110-cpH311°JeCKHX YCTaHOBOK (KpHTH'-leCKJIX CTeH­
,1..lOB 11 HMHYJJbCHblX peaKTOpOB), a TaJOKe npoBO,!l.!ITC.!I pa:i­
Hoo6pa3Hble JKcnepHMeHTbl C HX 11cnOJ1h30B3HHeM. B aa­
CTO.!llllee speM.11 so BHI1H3<1> JKCnnyarnpylOTC.!I 5 H.51P. 
KpHTMaCCOBhle JKCnep11MeHTbl npoBO,ll.!ITC.!I Ha CTeHAe ,llJJj! 
KpllTH'-leCKHX c6opoK ¢KEH-2M. B 2006 r. 3aeepweH cp11-
3114ecK11ii nycK KpHTH'-ICCKOfO CTett,na AJJj! HCCJle,!lOB3Hl1.!I 
.11.ueptto-qnrn1 '-leCKHX xapaKTep11c1 HK CJlOIICTblX ypaH­
rpacpHTOBb!X PC, MOiten11py101UHX A3 peaKTOpa-na:iepa. 
roTOBI1TC.!I cpH3H4eCKIIH nycK peaKTopa 6P- I C HOBOH yco­
BepweHCTBOBaHHOH KOHC'fPYKUHeH A3. BbICOKa.!I KBaJIHcpH­
KaUH.!I nepcottaJia, nocTO.!IHHa.!I ueneuanpasneHHa.!I pa6oTa 
no o6ecne'-!eHHIO 6e3onaCHbIX ycnon11i1 np11 JKCrrnyarnuH11 
HMl1YJibCHblX peaKTopoe 11 11poee,neHHH KJJIITMaCCOBblX 
:>Kcnep111,1eHTOB noJBOJUleT no.DJiep)l(HBaTb ao BHI1H3<1> 

KYJibTYPY HitepHoii 6e3onacaocrn 11a BbICOKOM ypoeHe. 
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METO,U:RKA ,U:HArHOCTHKH COCTOIDil'.UI TEIIJIOBhl,lI.EJifilOf.UliX 3JIEMEHTOB 
AIIEPHO,U:lftlECK:U.X HMIIY JlhCHhIX PEAKTOPOB 

C MET AJIJIHlJECKOH AKTHBHOH 30HOH 

A. A. ,U:eBHTKHH, B. <I>. KoJJecos, B. X. Xopyacuii, M. B. Mo'IKaes, A. B. Apanos, 
B. A. 6opHcenoK, B. A. 6paryneu, B. H. PoManos, M. IO. Kapruna 

<l>rYTI "P<l>.m..(-B H11I13<1>", 607188, r. Capos HIDKerop O)lCKOH o6n. 

Pa3pa6oTatta MeTO}lHKa m1arttOCTHKII COCTOlfHHl! TenJJOBbllleJll!IOIUIIX :rneMeHTOB 6b1crporo peaKTopa, 33KJJIO'la101.Ual!Cl! B TI.Ua­
TCJlbHOH pernCTpaUHH MOIUHOCTH peaKTopa BO speMeHH II ITOCJJCJl}'IOI.UeM caeKTpaJibHOM aHaJIH3e KOJie6aHHtt MOIUHOCTH Ha XBOCTe 
IIMnyJrbCa. MeTOJlHKa ITO3BOJll!eT ITOJT)"laTb IIHq>OpMaUHIO O npouecce TPClllHH006paJOBaHHl! B TenJJOBb!JleJUIIOIUHX JJJeMeHTaX Ha paH­
HCH CTawm II CBOCBpc111eHHO npepbIBaTb JKCnnyarnUHIO pem...-ropa. 

THE DIAGNOSTIC METODICS OF THE APERJODIC PULSING REACTORS WITH THE METAL CORE FUEL 
ELEMENTS CONDITION / A. A. DEVJATKIN, V. F. KOLESOV, V. KH. KHORUZUY, M. V. MOCHKAEV, A. V. ARAPOV, 
V. A. BORISENOK, V. A. BRAGUNETS, V. I. ROMANOV, M. JU. KARGINA II The diagnostic metodics of the fast reactor fuel 
elements condition consisting in careful registration of the reactor power in time and in the subsequent spectrum analysis of the power 
osci llations on the pulse tai l is developed. melodics allow to gain infonnat1on on the cracks formation process 111 fuel elements at the 
early stage and to intem1pt the reactor·s operation in good time. 

fettepau11J1 IIMnyJibCOB B anepllO.llll'-leCKl-lX IIMOYJibC­

HbJX peaKrOpax (Al1P ) Hepa:ipblBHO CB.113aHa C npo6neMOH 

Tennonoro y.uapa. TepMoynpyrHe 11 111exaHHYCCKHe Ha11p.11-

)KCHHJ1 B .!lCJIJUUCMC.11 MaTep11ane, B03HHKaIOU(He B peJyJib­

TaTe BCTTbllilKH )lCJICHIIII Ha MfHOBeHHblX Hefrrpo11ax, orpa­

HH'-IIIBalOT BOJMQ)KHQCTb YBCJJll'-ICHHll )HeproBbl.llCJleH11.11 Ja 

I11Imynbc II peanbHO CHH)KalOT 6eJonacHOCTh 1Kcnnyarnwrn 

II pecypc )Tl-lX peai-.'Topos. ITospC)K.!lCH11C TOflJ111BllblX )JIC­

MCHTOB (T3) aKTJIBHOH 30Hbl (A3) AHP MO)KCT CTaTh HC­

XO.!lHbl M co6blTlf CM B pa3BHTHII peaKTHBHOCTHOtt aaap1tH 

IIJllf HJJIICHHTb xapaKTep npOrtt03HpyeMblX HMTTYJibCOB .ue­

JJCHl!H Jf3-3a HJMeHeHHJI ycJJOBHH raweHll.11 880.UIIMOii H3-

6blTO'-IHOH peaI<TIIBHOCTII. Pa3pywett11e TOITJIHBHblX .!lllCKOB 

nm11YHhIx KOHcTpyKU11fr A3 AJ.1.P MO)KeT, s np11Hu1111e, 

TaK)KC JIBHTbCll np!!'-1.HHOH nepe)KaTIIJl K8HaJIOB .UBH)KCHH}I 

opraHOB perynupoaaHHll peaKTIIBHOCTH H CHlf)KCHlll! 3cp­
q>eKfllBHOCTII .!lCHCTBIIJl aaaplfiiHoii JaLUI1Tbl. 

flOCJIC.!lCTBIIJI TCOJIOBbIX y11apoa 8 Al1P IIMeJOT UCJ!blii 

p.11.u BHCWHIIX npOllBJICHIIH. flpe)K.ue acero JTO paCTpCCKII­

B8Hlle T3 B MecTax HaH60JJbWHX Hanpll)KCHIIH, Y.llJIIIHCHl!C 

60JITOB, CT.llll!BaIOlllllX TOOJIJIBHbJe .!lllCKH, Kopo6J1eH11e 

CTep)KHeii perymIpoaaHIIJI peaKTHBHOCTII. XapaKTepHble 

np11Mepb! CBHJaHbl C pacTpeCKHl38HIICM TOJIJIHBHblX llllCKOB 

pcaKTopoa SPR-11, SPR-Ul, Godiva-IV, APRFR, £11P-2M, 

paJpyweHHCM Yacrn T3 A3 A l1P £P-I [I]. flpHYeM Jrn 

cpaKTbl He 6bJJll1 BblJlBJleHbl npll Bll3YaJibHOM OCMOTpe peaK­

Topon, a o6Hap~eHbl TOJlbKO llOCJJe pa36opKH A3 Ha OT­

.UCJlbHbJe T3. I1JMep eHJ.lJI cMetUCHHH H .uecpopMau11fr T3 
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a lfMIIYJJbcax .ueneHHH, Bhmo1rneH11bIe Ha p.11)le AI1P C W A: 

HPRR, MoLL Y-G, APRFR, SPR -II, SPR-III, Godiva-IV, -

CBH)leTCJlbCTBYIOT O TOM, '-!TO cj>aKT nospe)i(ileHJIJl T3 MO)K­

HO 11.ueHTJHjrnu11poBaTb no ll3MCHCHHIO xapaKTepl!CTHK ero 

MCXaHlf4CCK011 peaKJ..lHH Ha IIMTTYJibC LlCJICHHH. qe !Kall MO­

H048CTOTHal! Q)Op Ma OCUHJIJIJIUHH xapaKTCpHa JlJIJI Heno­

spe)K,!leHHblX T3. flpH B03HHKHOBCHHH B T3 TpCU(lllibl 

B OCUJ1JIJUIUHJIX 00.IIBJI,IIIOTC.II .upyr11e '-!aCTOTbl, II 3aryxaIrne 

Kone6aHHii npOHCXOlll!T 6b!Crpee [I ] . 

C11rHai1 o HaYane npouecca pa3pyweHI1J1 T3 6e3 

npe.usap11TeJ1bHOH paJ6opKH A3 II ee BHJyaJJbHOrO OCMOTpa 

MO)f(CT 6bJTb TTOJJyYCH np11 OOMOlllH MCTO).IIIKH .u11arnocnt­

posa11Hl1 COCTOJll!H,11 T3 8KTHBHOJI 30Hbl [21. <l>opMy IIM­

nyJibCa .!lCJICHHii AHP MO)KHO ycJIOBHO pa36HTb Ha 6b!CT­

pyI0 "KOJIOKOJI006paJHYIO" '-laCTb (scnbllUKa .ueneHHH Ha 

MrHOBeHHbIX HCHTpOHax) II CJIC.ilYIOI..U}'IO 3a IICH MC.!lJICH­

HYIO '-l.aCTb ("xaocT"), r.ue MOU(HOCTb peaKTOpa onpe.ueJ1J1-

CTCJI 8 OCHOBHOM pa3MH0)KCHIICM JanaJ)lblB810U(HX Heii­

TpOHOB, npe.uwecTBCHHHKH KOTOpblX o6p a308aJIHCb B Te-

4eHJIC BCilbllliKH. 06pb1B "xsocrn" ocyll(CCTBJI.IICTC,11 npH 

11epeao.ue peaKTopa B 00.UKPIITJl'-ICCKOe COCTOl!HltC Ja C'-leT 

6h1crporo BblBO.Ua 113 A3 opraHOB perym1pOB8HII.II peaK­

TllBHOCT!i. Bcne.ucTBHC TCUJJOBOro y.uapa Ka)K.llblii T3 npH­

XOJlllT B KOJ1e6aTCJlbHOe .!lBJl)KCHJle co CBOCH co6cTBeHHOH 

'-laCTOTOii II 8 npouecce CMCIUCHllii BHOClfT CBOH BKJ18.ll 

B IIJMeHeHHe peaKTl!BHOCTH A3 11, KaK CJIC.UCTBHC, B KOJIC-

6aHH.11 MOIUHOCTH Ha "XBOCTe" HMTTYJJbCa .!lCJICHIIH. TtUa­

TCJlbH3ll pe111CTp3UllJI MOIUHOCTH peaKTopa BO speMCHII 

.... 



J1 nocne.nylOU.tHi-i cneKTpaJlbHhlll aHamn KOJJe6aHIIH MOll(-

11ocn1 Ha XBOCTe HMIIYJlbCa 1103B0JllllOT IIOJJY'-IIITb cneK-rp 

MeXaHll'-!eCKIIX KOJ1e6aHl1ll T3. np11 IIOJIBJJeHIIII .uecpeKTOB B 

T3 JTOT cneKTp 6y.neT MeHl!TbCll. 

McnOJJb30BaH11e TaKOH MeTO.llHKH llOJBOJlJleT nOJJYl.JaTb 

1rncpop111au11io o npouecce -rpell(11Hoo6paJosaH11J1 T3 Ha 

paHHeH CTa.llllH 11 csoespeMeHHO OCTaHasnHsaTb 3KCruJya­

TaUHIO peaKTopa, npe.noTBpall(all .nanbHeilwee aospe)l(J.le­

H11e A3 II B03MOllCHYIO asapmo HJ-Ja HeKOHTJ)OJJHpyel'-10ro 

CMell(eHitll YaCTeH nospe)K,lleHHOfl A3. 

1. OcnOBllble n0JJ0,KeHHff MeT0tJ,JJKH 

OCHosy MeTo.nm<J-1 [2] cocTaBJUIIOT cne.nyioume nono­

)KeHJ-u1: 

- cneK-rp KOJle6aHHii MOll(HOCTH peaKTopa Ha 
11
XBOCTe" 

IIMllYJJbCa .neneHIIII Henocpe.ncTBeHHO CBJl3aH co cneKTpOM 

MexaHJl'-leCKHX KOJ1e6aH11fl TOMHBHblX JJleMeHTOB aKTHB­

HOfl 30HhJ; 

- cneKTp MexaHH'-leCKHX KOJle6aHHH H3MeH1!eTCll npH 

nOJIBJJeHHH B TOnJJJ1BHblX JJJeMeHTaX .ueqieKTOB (-rpemuH). 

Mern,n11Ka JaKJJIO'-!aeTCJI B Tll(aTeJJbHOH pemc-rpaUHH 

MOIUHOCTH peaKTopa BO speMeHJ-1 B Ka)l(Jl.OM HMllYJlhCe .ne­

J1eH11ii, onpe.neneHHH cneKTpa Kone6aHIDi MOIUHOCTH s ero 

Me.nneHHOH 1.JaCTH, H nocne.ny101UeM cpasHeH1111 JToro 

cneKTpa c TaK 1-1aJb1BaeMblMH onop1-tbIMH noc-rpoeHJ1J1MH 11 

c11e1rrpoM KOJJe6aH11ii MOillHOCTH B MeJJ,J1e1-11-1oii LJaCTII IIM­

nyJibCa, Japer11c-rp11posa1-11-1oro ,n1ui ucxo.nHoro (see T3 1-1e 

IIMelOT .necjleKTOB) COCTOl!HI-UI A3. Kp1-tTep11eM ueJlOCTHOCTII 

T3 JIBJU!eTCll coana)lem1e JKCHJiyaTaUHOHHblX cneKTJ)aJJb­

HhlX xapaKTepHCTHK co cneKTpaJJbHhlJ\IH xapaKTep11CTJ1Ka­

Mll HCXO.llHOro COCTOllH11ll A3 JI onopHblMH noc-rpoeHH.JIMH. 

OnopHbJe nocTpOeHJIJI npmtJBO,llJITCJI .llJUI KUJK)lOII 

KOHCTJJYKUHII A3 AHP OJlHOKparno H JaTeM c;1y)KaT 6aJoii 

np11 .n11ar1-1ocn1Ke cocTOllllH.ll T3 A3. OnopHhie noc-rpoe­

HJ1JI OCHOBaHbl Ha LJIICJJeHHOM Monen11posa1-11111 .lllHlaMH'-le­

CKOfO 11ose.ne1-111J1 T3 s A3 np11 re1-1epJ1posa1-11111 1111rnyJ1bca. 

01-1n ycrn1-1asn11sruoT CBJl3b cneK-rpa Mexa1-111L1ecK11x Kone-

6a1-111il T3 a cocrnse A3 co cneKrpoM KOJ1e6a1-111i-i MOU1HO­

cT11 pemcropa JIPII ssene1-11111 necjleKTOB B OT).J.CJlbHble TJ. 

Monenh :>Kc11ep11J11e11rnnbHO KaJ1116pyeTcJ1 nyreM nocTpoe-

1-11u1 cnei,_.paJJbHblX xapaKTepllCTHK Kone6aHJIII MOll(HOC'I JI 

B MenneHHOii '-!8CTH 11MIIYJlhCOB, 3apentc-rp11posaHHblX .llJJll 

pa3Jll1'-!HbJX ypos11ei-i HULJaJlbHOl'O BOJMYUJeHllll peaKTl18HO­

cn1 np11 '.38,'.lUHHOJ\1 COCT0lllll11I TOflJlllBHblX )JleJ\leHTOB B A3. 

2. PeJyJJbT3Tbl pac•1eTllblX IICCJJe}loBamtfi 

JlJJSl noJJy<lelllHI onop1tblX IIOCTpOCIIIIH 

( l1t)Ke B KpaTKOii ¢opJ11e 11pe,ncrnsneHbl OCHOBHble pc­

JYJJbTaTbl paCL!eTHblX pa6oT, BblflOJJHel!HbJX ).J.JJJI IIJ\rnynbc­

Hb!X pcaI<Topos Pct>fil.1,-BHl II1)Cl>: 6P- I 11 611P-2M (p11c. I). 
A3 peaKTopa 6P- I HMee-r ¢opMy nonoro uwmHJipa, 

paJ,neneHHOro Ha YeTblpe LfaC m: HellOJ.lBll)KHbltt sepXHHH 

6JJOK II flOJ.lBHJKHbJe HJIJKHltil. peryn11py!01UIIH. H HMllYJJbC­

HblIT 6nOKH [I]. PaJMep1,1 A3 no rnnrnrny: BhlCOTa 26,6 CM, 
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BHeWHHH .uuaMeTJ) 26,8 CM, .unaMe-rp ocesoj:j OOJlOCTH 

11,6 CM. Jllll CHJUKeHHll HanpIDKeHltH sep,umii 11 HIDKHHH 

6noKH CTJJYKTYPHO paclfJleHeHbJ Ha pll.llbJ (no ,llBa a Ka)K­

,noM) KOaKCllaJJbHblX Koneu (TOllJlHBHblX JJJeMeHTOB). KmK­

.noe KOJJbUO no scei-i oKp~HOCTH HMeeT yc-ryn Ha cepe.n1•1He 

BhlCOThl, C flOMO!UblO KOTOporo OHO OllHpaeTCJI Ha coce,n­

Hee KOJlbUO IIJJH Ha BHelllHIUi '-!eXOJl 113 Hep:)!<aBe10weii CTa­

m1. Me)K.uy KOJlbU3MH no BbICOTe H pa.u11ycy npe.uycMo-rpe­

Hbl 3a.30pbl .llilll pa.umun.HhJX H oceBblX CMe!UeHHH. KOneu. 

TonwH.Ha Koneu A3 no pa.n11ycy 1,5 CM. Kon:bua 01,monHe­

HhJ 113 CruJaBa ypaHa (90 % 235U) C MOJlH6J.leHOM (MaCCOBM 

IlOJUI 9 %). 06IUall Macca cnnaaa B A3 pastta 177 Kr. Ton­

JlHBHbie ,lleTaJIH no6nOLfHO JaKJIIOLfeHhl B qexnbl 113 Hep)l(a­

seiomeil. CTaJ111, JanoJIHeHHble renHeM. 

a 

A-A 

6 

6 

7 

8 

9 

JO 

5 

Puc. I. CxeMbI occebIX pa3pcJoe A3 EP-1 (a) (I ecpxm1i1 6JJOK 

A3: 2 HlliKHHii 6JJOK A3; 3 - HMllYJJbCHblH 6noK; 4 - peryn11-

py10umii 6noK; 5 - TOnJrneHbJil :meMeITT) u 6HP-2M (6) (I, 2 -
crepiKllfl perym1poeaH1tll pcaKTHBHOCTH; 3 - KO)l(yx BOJJI)'lllHOfO 

OXJla)l(}lCHllll; 4, 9 - TOllJJ11BHble )Il!CKII; 5 - 6JJOK 6eJonac11ocn1; 

6, 7 IIMTTYJJbCHblC CTepiKHH; 8 - HCHrpOHHbfll HCTO'IHHK; I 0 
repMeTH3HpYJOU.lllH '!CXOJJ) 

OnbIT JKc1u1yarnu1111 peaITopa EP-1 noKaJaJJ, YTO no­

epelK,neHHll TOllJIIIBHhJX Koneu, 110.SlBflBilllleCll Ha rnlTOH 

COTHe HMHYJibCOB, conpOBOlK.llaJlJICb CfJla)KHBUHHeM nynh­

caurn1 MOIUHOCTH Ha "xsocTe" HMHYJlbCa [I]. B HaCTOl11Uee 



speMll EP-1 JKCnnyarnpyeTCll co BT0pbIM K0MMeKTOM T3 

A3, aHa.JI0IWrnbIM no KOHCTPYKUHH nepB0My, 
PeaKTop EI1P-2M, aae.ueHHblli a JKCnnyarnumo 

a I 964 ro.uy, HMeeT K0HCTPYKUHIO A3, xapaKTepHytO .!lJlll 

pll.ua aMepHK3HCKliX AMP C KOMnaKTHOtt A3 H3 MeTanJlll­

'ieCKoro ,11eAALUerocll MaTepmllia. OcHOBHall 'iaCTb A3 co6-

paHa H3 weCTH ,!111CK0B Hapy)l(HblM .ll113MeTPOM - 220 MM 

11 BblCOTOH - 34 MM, 1nroT0BJ1eHHblX H3 cnnasa ypatta, 060-

raweHHOro HJOTOnOM 235U .uo 85 %, C MOJlH6.lleHOM (Mac­

COBall ,!IOJlll 6 % ) []). Macca Ka)l(.!loro Jl11CKa COCTaBJllleT 

~ 17 Kr. Ka)KJ(bltt .llHCK HMeeT ueHTPaJJbHOe OTBepcrne 

H 'leTblpe OTBepCTHJI, pacnoJJO)l(eHHble Ha panHyce ~ 74 MM 

OT OCH ,!IHCKa. Bee ornepCTHJI B lll1CKax npe,llH83Ha'ieHbl 

.[IJ]JI nepeMeLUeHIUI CTep)l<HeH peryru1pOB8HHll peaKTHBH0-

CTH. O61.Uall Macca cnnaaa ypaH-MOJll16]leH s A3 COCTaBJlll­

eT ~ 121 Kr. Bcero .LIJlll A3 peaKTopa El1P-2M 6bmo 11Jro­

ToaneHo 7 .llHCKOB ( I - JanacHofi). 

Ilocne .LIJIHTeJJbHOH JKcnnyaTawu1 peaKTopa a 1986 ro­

ny 6b1JJa nposeneHa .necpeKTamui JlttCK0B ero A3. nhlJJO ycrn­

H0BJJeHo, 'iTO B nayx lUICKax o6pa30BaJJHCb TPeLUHHbl, pan11-

aJJbHO paCX0JllllllHeCll OT ueHrpaJibH0ro 0TBepCTHll .ll0 ornep­

CTll.11 .LIJlll creplKHeH. Ilocne necpeKTawrn O.LIHH H3 noTTHya­

llll1X .UHCK0B 6blJI 3aMeHeH JanaCHblM, a npyroii YCTaHOBJJeH 

a sepxtteii '!aCTH A3, rne TepM0MexaHH'!ecKHe Hanpll)l(eHHJI 

B T0nmIBHOM MaTep11ane npH reHepHp0BaHHH HMnyJibCa J{e­

JieHH.11 cymecTBeHHo MeHbllle, 'leM a ueHT!)a.JlbHOH '!acn, A3. 
0cHOBHbIM pelKHM0M pa6on,1 peaKTOpoB EP-I H .6l1P-2M 

ll:BJUleTCll pelKHM reHep11poaaHHJ1 HMTTYJlbC0B neJieHH.11 Ha 

MrH0BeHHbIX HeHTPOHax. THilll'IHbJe 3aBHCl1M0CTH MOll(HO­

CTH OT speMeIDt a HMITYJJbcax Al1P EP-I 11 El1P-2M npH­

se.neHw Ha p11c. 2. 
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P11c. 2. T11nH'IHblC 3BDl!CHMOCTI! M0UlH0CTH EP-1 (a) 
H EHP-2M (6) OT epeMeHH JlJUI lfMnym,cos .neneHHii 

Ha MfHOBCHHblX HCHTPOHax 
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,[1,nll n0JlY4CHHJI onopHblX nOCTPOeHHH 6bJJIII npoae­

J{eHbl nOJIHOMaCIUTa6HbJe Hei1rpOHHO-KHHeTH'leCKJ1e pac­

'leTbl 111>1nyJlbcoa .ueJieH1111 s A3 AHP EP-1 11 .611P-2M. 

Pac'ieTbl npose.ueHbl C llOMOLUblO npaKT11'1eCKl1 TO'IHOro 

anropllTMa (3-6], OCHOBaHHOro Ha MaTe.MaTll'leCJ<HX MeTo­

nax HHB3pl1aHTHOf0 norpy)l(eHHll 11 CJJ0)Kel!Hll, C Y4eTOM 

BJJl{llHWI Orpll)KeHHh!X OT CTeH peaKTop11oro Jana HeHTPO­

HOB. Mernn MoHTe-KapJ!O 11cnonb30BaJJCji llJUI onpe.uene­

HHll napaMerpoa MrHOBeHHblX, 3alla3Jlb!BalOLU11X H OTp8-

)KeHHblX HeHrpOH0B. Pac'leTbl npose.ueHbl Ha OCHOB8HHH 

aHaJJHTJl4eCKHX perneHHH, Ofll1Cb1B3IOLU11X noaeneHHe T3 

C .necpcKTaMH, np11 rpexMepHOH nocTaHOBKe 3aJl8411 nepe­

HOCa HettrpOHOB. XapaKTep H JIOK8Jll13aUHJI necpeKTOB T3 B 

pac'leTHOH MOJleJJH npHHJI.Ma.JlHCb C Y4eTOM Ollb!T8 3KC­

nnyarnurn1 AMP EP-I H EHP-2M. 

B peJyJJbTaTe pac'!eTOB 6bJJ1H nOJJY4eHbl JaBIICHMOCTH 

MOIUHOCTl1 AJ1P OT apeMeHH ,11,Jlll: HMflYJibCOB neneHHii, KaK 

s cnY4ae Henoape)l(.!leHHoH A3, TaK H JlJIH A3 c pa3mi4HbIM 

KOJIH'ieCTBOM ,1.1ecpeKTHb!X T3. 3aBHCHMOCTH 6bJnl1 11Crt0Jlb-

30B8Hbl KaK BXO.llHble Jlfil!Hble llJUI npose.ueHHJI COBMeCTHO­

ro ape1,ui-4acrnTHoro aHaJJHJa. B peJyJihTaTe npoae.ueHHJI 

cneKrpaJlbHoro aH8Jllt3a 6bIJJH nonY4eHb1 ycpe.uHeHHb1e no 

BpeMeHJI cneKrporpa.MMbl p8C'ieTHblX KOJJe6aIDtH MOIUHO­

CTH peaKTopoa B Me,[IJJeHHOH '!aCTH HMHYJlbCa. HeKOTOpbIC 

H3 cneKrporpaMM npencrnsJieHbI Ha p11c. 3. 
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Puc. J. CncKrporpaMMbl paC'iCTHJ,JX KOJJe6aimii M0lllH0CT11 
peaKTopoe EP- l (a) H EI1P-2M (6) B MCJ~JJCHHOll tJaCTJt mmynbca: 

I A3 e HCX0IIH0M C0CT0llmrn; 2 - A3 c .!lC<pCKTHblM T3 
(P,.,, cpe.nHeKsa.uparwrnoe JHa'lcm1e T0Ka aerei,.,opa) 

Ha puc. 3, a npe,1.1crnsneHbl CllCKTporpaMMbl MOll(HO­

CTH EP-I llJUI aapHaHTOB pac'ieTa KaK 6eJ.ueq>eKTHOH A3, 

TaK H A3, conepiKamei:i onHH 1ieqieKTHb1fi (cKsOJHOH aepTH­

KaJJbHbIH prope3 no scei:i Bb1core) T3 Hai160Jlhwero nmopaJ-

"""'t, 



.... 

Mepa, pacnono)KeHJ-1b1tt cornacHo cxeMe p11c. I ,a (no3111u,ui 5). 
B o6nacrn YaCTOT 2,6- 2,8 Kfu, COOTBCTCTBYIOlUett JTOMY 

Hecj>eKTHOMY T3. Ha6mo.uaeTC51 3HatJMTefilHOe (B 2,2 pa3a) 

yMeHbWeH11e aMnmnyUbl cneKTPa!lbHOfO n11Ka. Pm;woe­

llHe cneKTPam,Horo rnurn, 11a6mo.naeMoe Ha p11c. 3, a, o6b­

llCHHeTcl! 3a.JJO)KeHHbJMH B pactJeTHYKl MOllCJll, cpe.UHIIMH 

pa.n11ycaM11 ,1l.lUI tJaCTeH T3 C 60llbWllM II MeHbWIIM )Ula­

MeTpaMH. 

Ha pHC. 3, 6 npe.ncTaBJJeHbl cneKTPOrpaMMbl MOJUHO­

cnt Eil1P-2M )IJUI sap11aHTOB pactJeTa KaK 6eJnecj>eKTHOH 

A3, TaK H A3, conep)KatUett .necj>eKTHblH (4 pan11aJ1bHblX 

Tpellll!Hbl) )l.llCKOBblH T3 a ee ueHT))e, r.n.e flllOTHOCTb .ue­

neHHii MaKCHMaJlbHa. Ha 43CTOTe 4,93 KfU, COOTBeTCT­

BYK>llleH pa.nHaJibHbLM OCUHJIJlJIUIDIM JlHCKOBblX T3 0.llHHa­

KOBOfO pa3Mepa, Ha6JJK>.UaeTCll 3Ha411TefilHOe (a 2,5 pa3a) 

yMeHbWeH11e aMfUIHTY.llbl cneKT))aJlbHOfO rutKa. 

TaKJtM o6paJoM, AAA KOHCT))YKUMH A3 AMP 6P- I 
11 Eil IP-2M ycrnHoa11eHo, '!TO Kp11Tep11eM np11 cpaaHeHHll 

JKCnnyaTaUHOHHblX cneKTPa.JlbHblX xapaKTepHCTl1K C onop­

llblMH Cll)')KHT aMllmrry.ua cneKTPaJibHOro nHKa pa,llHaJll,­

HblX OCUWIJU!Ullli T3. 

Ha BTOpOM :nane pa3pa60TKII onopHblX nOCT))OeHJtli 

6b1JJH cOJWlHbl KOMllbK>TepH.hle MO)lemt A3 EP-1 H El1P-2M, 

IICIIOJlbJYeMble !l!IJI 4IICJJeHHOJ'O MO)lem1posaHl1ll MexaH11-

•1eCKllX peaKUWI T3 (c )lecjJeKTaMJI II 6e3 HHX) Ha 6b!CT))bll1 

pa3orpea a pe3ynbrnTe HMnynbca 11e11ettm'i. Mo)le1111 6b11111 

llCl10Jlb30BaHbl .Ullll onpe.ueneHl1JI co6cTBeHHblX 4aCTOT KO­

Jie6aHHH T3, HaXO,!llllUIIXCM B COCTaBe A3. 'Y.11cJieHHOe MO­

)lem1poaaHHe 11pOBO,Ul1JIOCb KaK B .usyMepHOtt oceCHMMeT­

p114HOtt IIOCTaHOBKe Ha OCHOBe naKera npHKJia}lHblX npo­

rpaMM ,Ul1HAMI1KA-2 (7], TaK II a T))CXMepHoii nocrn­

HOBKe Ha OCHOBe naKeTa npllKJJa!lHblX nporpaMM 

,UMHAMHKA-3, HMeK>lUllX ceprncj:mKaT coorneTCTBHll 

N!! POCC RU.ME 20.HOO 112 rocCTaH,.'.taprn Pct>. 

PeJyJibTaTbl MO)len11poaaH1Hl IIOKa3a!ll1, YTO tJaCTOTbl 

Mexa1-111'!eCKHX pa.u11anb1-tb1x KOJ1e6am1fi T3 pcaKropoa £P-l 

11 £!1P-2M cosna)laK>T (n npeaenax 7 %) c 'JaCTOTaMII, Ko­

TOpb1e COOTBeTCTBYlOT M3KCHMyMaM cneKTpaJJbHb!X [IIIKOB 

Ha JKCnepl!MCHTaJJbHblX cneKTpa>. KOJle6aHuii MOlUHOCTII. 

PeJyJlbTaTbl pac•1eTHO-Teope111LJeCKIIX IICCJle!lOBUIIIIII 

II MO!leJlltpOBUIIIUI (011op1tbJe IIOCTpOel111ll) YKaJbJBalOI HU 

OJlHOJHaL1Hy10 CBll3b cneKTpa KOJ1c6airn11 MOlllHOCTII peaK­

Topos co cneKTpOM MCX8Hl14eCKl1X KOJJe6aH11?i T3 B A3 

11 33BIICIIMOCTH xapaK'repllCTl!K cneK"ll)8 OT H8Jlll'IIUI )le­

cj>eKTOB B .ue nurnx A3. 

3. Pa3pa60TKa II 1131 0T0BJ1e111Ie 

J:UtartlOCTJ1•1eCKOJ O KOMUJICKCll 

).lJJ51 11pUK1114eCKOII pea.Jlll38Ullll MeTO,ll!J..11 ,lllUIHO 

cnlKll T3 Ha AIIP P<l:>51LJ.-Blll!H)cJ) 61,1J1 co3.uaH 4 -Ka­

HUJJbllblii KOMIIJJeKC perncTpau1111 peaKTOp!tb))I. 113JJY4CIIHII 

c npeMe1111b1M paJpeweHJteM 0,5 Mfu. ncpcKp1,11ue 11e­

cKoJ11,KJ1x IIOpll.UKOB perttcTp11pycMOii BeJJll'IIIHbJ C IIO,!l­

)lepiKaH11e!'-1 BblCOKOi1 .UllCKpe·IJloC'lll l13MepeHJl51 06ec11e•111-

saeTCll 8B IOMa1114eCKII nepeKJllO'!aeMblM .mtanaJOHOM pe­

l llcrpau1111. 3 ro pearn13yeTCM 6JIOKOM nepeKJJJ-OYat:MblX 
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ttarpy30K, 113MeHJIKllU11M semt'IIIHY Harpy304HOro conpo­

Tl1BJ1e111U1 Ha KaiK)IOM )ICTeKTOpe B 3a,1laHHble MOMeHTbl 

apeMellH, TeM caMblM, yueJlll41!88ll COOTIIOWeH11e "noHe3-

Hbltt ClffHaJI - LUYM" KaHana per1tCT))8UIIII. B Ka'!eCTBe ae­

TeKTOpOB ll3JIY'!eHJIH 11Cl10Jlb3YIOTCll npOMblWJJeHHbJe sa­

KYY~lllpOBUHHbJe KaMepbl .neHeHIUI [8J. 
8Topoii COCTaBHO~i '!aCTbJO KOMnJieKca )l!IJI ,1l118rHO­

CTIIKl1 MeXaHJllfeCKOl"O COCTOilHIUI T3 l!BJIJleTCll cneKTPO­

a11amnarnp. Ero cjJyHKUHH - nonyye1111e speMJl-48CTOTHOro 

cneKTpa 11ccne11yeMoro c11rnana 11 npose.neHHe aHamna 

cueKTpa Ha COOTBeTCTBHe ycTaHOBJleHHblM KpHTepHJIM. 

CneKT))OaHarnnaTop p83pa6ornH Ha 6aJe nepc0Hanb-

11oro KOMllbK>repa. B Ka'!ecrne cpe!lbl nporpaMM11posaHHJ1 

6blJ1 Bb16paH naKeT nporpaMM LabVieW qmpMbl National 

Instruments. 

TTpoae.n.eHHe apeMH-4aCTOTHoro aHaJmJa JKcnep11MeH­

TaJ1bHb1x .naHHblX p83JleJieHO Ha HeCKOJibKO onepauMi1: 

- Bb16op Y'!3CTKa 3acjiHKCHponaHHOH Me,D.JieHHOH '!aCTII 

m,mynbca ,D.JIJI o6pa6oTKM; 

- HCKJIKl'leH11e JKCTTOHeHUlla!lbHOtt COCTaBJIJIJOlUett 06-

tUero yMeHbWeHlUI HeHT))OHHOH llJIOTHOCTH Ha Bb16paHHOM 

Y'!aCTKe CHrHana; 

- flOJIY'!eH11e YaCTOTHOro cneKTPa; 

- coxpaHeH11e )laHHbJX. 

3Ta nocne11osaTenb1-1ocTb 011epau11il OTo6paiKetta 11a 

p1-1c. 4, rae npe)ICTasne11a JLJ1uesaH naHeHb nporpaMMbl 

"CneKT))Oattru1113aTop". PeJyHbTaTbl pacYeTa cneKTPa MOlU­

HOCTH 3aperHCT))UpOBaHHOro CllfHaJla MO)KHO coxpaHJITb 

Ha )KeCTKOM )lHCKe KOMilbJOTepa II pacne•iaTaTb. 

-1- ... 
~ 

Puc. 4. JJ11uesa11 naHcnb nporpa\lMbJ "CneKrpoa1rn.n.1narnp" 

4. 3i-:cnep11Met1TaJJbHb1e pa60Tb1 na peai-:Topax 

liP-1 11 lil1P-2M npn paJMementtn s aKTIrn11bIX 

Jonax T3 C 113BCCTllbll\lH ,llCcj>CKTal\rn 

C ue11b10 JKc1tep11MeHTaJJbliOii 11posepK1t pa6orncno­

co61-1oc·111 ~1e-ron11K11 11a peaKTOpe £P- I 6b1na npose1.te11a 

pa:i6opKa ero A3. I h scpxuero pMLla T3 Hmtrnero 6noKa 

(c~t. p11c. I, a) 6blJI YJla.JleH uenbltt JlleMellT, a 11a ero MCCTO 

y cnlll()BJICH netpeKrHbltt 1JteMeJl1 5 (e,!ll1HCTBCHHbltt HMeB­

IJ.llliiCll B Ha.Jlll'lllll) Jl oro ,Ke rnnopa3Mepa. )],ecpeKT JTOfO 

T3 11pe,'.l.CTaBJJJ1eT co6oii CKB03HYKl Tpeium1y, KOTOpal! Ha­

XOllltTCll B 0611aCTII yc-ry11a Me)K.uy .!lBYMll YaCTl!MH T3 



C MCllblllllM II 6onhWl!M .rUtaMeTp3Mll. TTp01Jl)l{eHH0CTb 

rpClllltHbl conaBJIJICT 11p11~1epH0 II0JI0BltHY ,ll.flllllbl OKp~­

II0CTII T3. (J)o1orpaquU1 11 cxeMa pacnoJ10)1{emrn TJ)eLUHH&I 

a T3 c .nc1peKT0~1 npeiicTaeneHbl Ha p11c. 5. IibUJa rrpoee.ne: 

11a cepnll ')KCllt!pllMCHT0B (1 J Hl>IIIYJibCOB) Ha .ne(j,eKTHOl1 

A3 EP-1. 

Puc. 5. <I>oTOrpaq>HJI II CXCMa pacnoJI0lKCHHJI 'fl)CllllfRbl e T3 
C JlCq>CKTOM: [ - CKB03Hall TPCUlJJHa, pacn0JIOlKCHHaJI no ycryny 

MC)l(Jly qaCTJ1M11 T3 Manoro 11 6om,woro m1aMcrpoe c pa:ieopo-

TOM B nJiaHe - 180°; 2 MC.UH0-lll!KCJICBOC noKpblTUC 

Ha peaKTope 511P-2M 6bu111 npoae.neHhI JJ.Be cep1111 

:)KCHep11MeHT0B C A3, co.nep)l{31.1.1Cll p33H0e KOJ111LJeCTB0 

)lHCK0BblX T3 c .necj>eKTaMII, '!TO noJB0Jllill0 HCCJie)l0BaTb 

33Bl!Cl1M0CTb CllCKTJ)a Kone6am111 OT K0JIHLJecrna .necj>eKTOB 

e A3. Pacnono)l{e1111e TJ)Cl.1.IMH e JlHCK0BhIX T3 511P-2M 
CXCM3Tl1LJCCKH HJ06pa)KeHO Ha p11c. 6. B TTJl3He TpellllfHbl 

6Jil13KH K npl!MOH mtHHH, 11X pacKpb!Tl1C np11MepH0 0.!ll1H3-

K0B0 no ecei:i .nmrne 11 He npeab1waer ~ 0,2 MM. 

~ 

( i=:f 
O'---

------/ --- --
l(UCK N'2 7 

Puc. 6. CxcM3Tll'ICCKOe 11306palKCHHC TpCUlHII 

e TonmlBHblX .11ucKax pcaKTOpa 61 IP-2M 
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B uepeoit cep11lf JKcnep11MeHT0B (4 mrnynbca) o.n1111 

.ne<jJeKTHblit .n11cK N2 6 Haxomu1cJ1 a eepxHdi LJacrn A3. Bo 

eropoi-i cepH11 ( 6 11.MII)'JlbCOB) .necj>eKTHbie .n11cK11 (NQ 7 11 NQ 6) 
pacnonaramtcb e ueH-rpe A3. Oocne BhmOnHeHIUI Ka)l(J.loit 

cep1111 lfMnynhC0B Ha oP-1 11 611P-2M 11p0113B0Jll1Jil1Cb: 

- cneKTJ)aJJbHblH 3HaJil13 CHrHaJJ0B C Ka)Kl!0fO .ueTeK­

Topa no TeXHOJI0rlUi, npe.uyc1>10TJ)eHHOH nporpaMMHblM 

o6ecneLJeHHeM HJMep,neJihHoro K0t>tnJJeKca; 

- cpaeHeH11e ycpe.uHeHHblX cneKTJ)0rpaMM C .ueTeKT0-

poe C 3HaJI0rlfLJHblMH, nonyqeHHblMl1 B 11MnynbC3X C 6eJ­

)leq>eKTHOTT A3; 

- o npe.ueneHHe Kp11Tepuea .uecj>eKTHOCTII ny-reM cj>11K­

caum1 ecex e11.no11JMeHeH11H nonyqett11b1X cneKTJ)orpaMM. 

H a pHC. 7 npe.ucTaBJICHbl ycpe)lHCHHbl C no BpCMeHH 

cneKTJ)0rpaMMbl 33pentCTJ)11p0B3HHb!X Kone6aHJlH M0LUHO­

CTl1 a MC.llJICHHOH qacrn 11Mnynbca )lCJICHHH oP-1 (a) 

H 611P-2M (6). 

I ,6E-04 +---1---+--1-------- -+--+---1 

I .2E-04 I ._ 

• -.:: 8,0E-04 +--+---+--,H---------f---+-~ 
2 

4,0E-04 

O,OE-04 .1.---_,,,f--''---~"--'---- -+------; 
1,5 2,0 2,5 3.0 3.5 4,0 4.5 5.0 5.5 6.0 

4aCTOTII, KfU 

a 

6,0E-06 ----.----.-

5.0E-06 +---.----+ J l 
4.0E-06 

- 3,0E-06 

2,0E-06 

l,OE-06 

O.OE-06 

I 

+-----~--1-------+<1+-----.. 

L -

o.o 1,0 2.0 3,0 4.0 5.0 6.0 7.0 
lJ.aCTOTII, KfU 

6 
P11c. 7 Ycpe.llHCHHaJI no epeMeH11 cne1nporpaMMa 3apernCTp11po­

BaHHblX KOJie6aHIIH M0UlHOCTH B MC.llJICHHOH LJ3CTII 1111.mynbca 

.11ene11uii EP-1 (a) 11 611P-2M (6): I - A3 B ucxo.11HOM coCTOJ1H1111; 

2 A3 c .llCq>CKTHblM T3 Urm;. - cpeJIHCKBa,lpaTll'IHOC 3Ha•1ett11e 

Kea.11paTa TOKa /.leTCKTOpa} 

Tipe.ucraaneHHblH Ha pHC. 7, a CIICKTJ) M0!llH0CTII Ja­

perHCTJ)llp0BaHHblX CHrHaJJ0B IIOKUJblBUCT TJ)II HBH0 Bblpa­

)KCHHblX M3KC11My ~ta (2,78 KfU, 3,20 Kfll II 3,70 Kfll), K0-

T0pbIC C00TBeTCTBYIOT paCLJCTllblM 3IIULJeHIIHM co6cTBeH­

HblX LJ3CT0T paAJiaJJbHblX Kone6aHHH T'.) TJ)eX 11au60JlbWIIX 

T1rnopa31>1epos A3 oP-1. A11amn cneK-rpa MO!llH0CTII 110Ka-

1aJJ, '-110 LJ3CT0Tbl 4,60 Kfu 11 5,40 Kfll, C00nlCTCTBYIOUUle 

]lla'ICHIIJI\I co6CTBellHblX LJaC JOT pa.IH18JlbHbl X KOne6a111111 

BHy-rpeHHIIX T3 .neyx H811MeHbWIIX p a3Mepoe, IIMCIOT 

0LJCHb \tallblll CTaTl1C1 lfllCCKIIII BCC (aMIIJIIITYllU cneK-rpaJJb­

H0fO IIIIKa 111eHbWe 8 - 50 pa'l) no cpaBHCHIIIO C LJaCTOTOTT 

2,78 Kfu II, KUK cne.ncrn11e. 11paKTI1LJCCKII !IC 0TJ)3)1{CHbl 

B cneK-rpax M0!llH0CTII. .ll,m1 11:X lt.:lCHntq>l!Ka[lllll 1-1eo6xo-



,!lHM0 p8CCM8TJ)HB8Tb MrH0BCIIHblC cneKrpbl, npC,!lCT88· 

JJJIIOLUHC co6oii npoeKUHH CflCKTJ)0rp8MM Ha nJI0CK0CTb "aM• 

ruul'ry.!la - 48CT0T811 B cjJl1KCHpOB8HHblC M0MCHTbl epCMCHH, 

KaK 811,llH0 Ha CIICKTJ)0rp8MMC (p11c. 7, a), 8Mll.Jl}IT)',!l8 

Cl1CKTJ)8JlbH0ro flHKa Ha 48CT0TC 2,78 Kfu, C00TBCTCTBYIO· 

LUCH T3 HaH60JlbWero THn0paJMCpa, npH JaMCHC cro Ha 

T3 c ,uecj>eKTOM, YMCHbWBCTCJI a ~ 2 ,2 paJa, 3TOT :,cpcjJeKT 

CJJa6o 38BHCl1T OT BCJIH'IHHbl JllCpr0Bbl.UCJICHKJI B A3 peaK­

Topa H CJly,t<HT KpurepHCM JieCpCKTHOCTH HCn0Jib3088tlH0f0 

B JKCnepHMCHTaX TH00p113Mepa T3, 4TO B UC110M C0808J18CT 

C pe3yJlbT81'8MH paC'ICT0B, ,LI.JUI HMflYJlbC0B ecex cepwl:t, 

npH CpUBHCHHH 8MlUIHTYtl cnCKTJ)MbHbJX flllK0B B COCK· 

TJ)0rpaMMUX Ha 4aCT0T8X 3,20 Kfu H 3,70 Kfu, 0TH0CH· 

TCJlbH0C HX HJMCHCHIIC He npCBblW8CT 35 % npH .aoeepH· 

TCJlbHOH eep0SITH0CTI1 0,95. 3ro xapaKTCPKJYCT 0TH0CH· 

TCJlbHYIO T0'IHOCTb npoue.!lyp perncrpau1111 H COCKTJ)IIJlbHOA 

o6pa60TKH HCXO,!lHblX KOJIC68TCJlbHblX npoucccoe HCArpOH· 

HOA MOTHOCTH B MC,!1JICHHOH 48CTH KMnyJtbCOB peaKTopa. 

CpUBHCHHC cnCKTJ)OB, noJiyitCHHblX B nepeoli H BTO· 

poli cep1m JKCnep11MeHroe Ha EMP-2M (pwc. 7, 6), noKa• 

Jbl88CT, '!TO C,UHHCTBCHHb!M 4YBCTBHTCJlbHblM K KOIDl'ICCT· 

ey ,!lHCKOB C .!lCtpCKT8Ml1 B A3 JIBJUICTCSI COCKTJ)8JlbHblA nHK 

C 48CTOT0tt 5,2 Kfu (cnCKTp8JlbHbIH flHK C 48CTOTOJ:i 0,7 Kfu 

COOTBCTCTBYCT OCCBOMY pacw11peHHIO A3), COOTBCTCTBYIO· 

LUHH OCUHJlJlJIUKJIM .!lHCKOB B JUl8MCTJ)8JlbHOH OJIOCKOCTH, 

Ero aMnJIHT)'JJ8 B nepeol:t cepHH 60JlbWC 8Ml1JlHT)',llbl, 

IIO!IY4CHHOII BO eropoA cepuu npH p83JlH'IHblX JHCpro­

Bbl.!lCJlCHJ,!J!X, HC MCHCC, 'ICM B tpH p838 (e 6 p83 npH 

O.UHHaKOBOM JHCprOBbl.!lCJICHI111), 3TOT cpaKT MO)KCT 6blTb 

HCflOJlb30B8H B K8'1CCTBC KpHTCpHll UCJlOCTH0CTH T3 

H l103B0J1JICT yraep>t<.!lUTb, '!TO p83pa60T8HH8SI MCT0JJHK8 

MO)KCT 6blTb HCf10Jlb3088Ha .D.JlJI ,1111arH0CTHKH COCTOSIHHSI 

T3 Al1P c p83JIH'IHbIMH no KOHcrpyKUHH 11 cocTaey aKTiiB· 
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CHCTEMA YIIPABJIEHIUI H 3All(HTbl CTEHJJ,A JJ,JUI KPHTIP.IECKHX CliOPOK .0.KAP-C. 
YCTPOHCTBO, IlP.0.HIJ.HII PAliOThl, OIIhlT 11CIIOJih30BAHIUI 

H. M. liornauos, A. r . BanrneuKo, H. E. KoJJecosa, B. H. KpHsouocos, B. B. K ynpsrn~es, 
A. IO. KyJHKHH, IO. M. Jl11Maph, C. H. CsHpHJleHKo, C. B. CopoK111:1, B. H. Typyros 

<I>f Y TT " P<I>fil.(-BHI1I13 <I>", 607 188, r . Capos Hi1.)l{eropo,11cK0tt o6n. 

Pa3pa60TaHa CIICTeMa ynpasneHHll 11 3aLUJ!Tbl CTeUlla llflll KpllTll'ICCKHX c6opoK HKAP-C, llBnlllOLUal!Cll annapan1O-nporpaMMHblM 
KOMnneKCOM, npellH33Hat1eHHblM llflll aBTOMaTl1311pOBaHHOro ynpaMCHl!ll CTeHLtOM, c6opa. llOKyMeHT1rpoBaH1lll, o6pa60TKII 11 xpaHeHl1ll 
naRHblX O ero '.)l(CnnyaTaUIIOHHblX xapaKTep11CT111<ax. 8 npoueccc cj>H31f'leCKOro nycKa CTeHna npellflOJKeHHble TeXHll'leCKIIC peweHl!ll 
nponeMOHCTpHpOBanH OTnll'IHble JKcnnyaTaUHOHHble xapaKTCpllCTHKII, BblCOKYIO uaneJKHOCTb II yno6CTBO B lfCTIOJ!b3OBatmll. 

THE SYSTEM OF STAND FOR CRITICAL ASSEMBLY IKAR-S CONTROL AND PROTECTION. THE DEVICE, 
PRINCIPLE OF OPERATION, EXPERIENCE OF USE / N. I. BOGDANOV, A. G. VASILENKO, N. E. KOLESOVA, 
V. N. KRIVONOSOV, V. V. KUDRYAVTSEV, A. Ju. KUZJAKIN, Ju. M. LIMAR, S. N. SVIRIDENKO, S. V. SOROKIN, 
V. I. TURUTOV // The stand's for critical assembly IKAR-S control and protection system, being the hardware-software complex in­
tended for automated stand management, gathering, documenting, processmg and data storage about its operating characteristics 1s de­
veloped. Durmg the physical stand start-up the offered technical decisions have shown excellent operating characteristics, high reliability 
and usabili ty. 

CuCTeMa yupasnemur 11 Jalll11ThI {CY3) cTel-Ula .llJlll 
KpHrnYeCKIIX c6opoK (CKC) l-1KAP-C [ I ] .ffBJIJleTC.ff anna­

paTHo-11porpaMMHblM K0MfiJICKC0M, npe.u11aJHaYeHt1blM ,llJUI 
aernMan□11poeaH11oro ynpaBnemu1 CKC 11KAP-C, c6opa, 

tl0KyMeHntp0BUHl1.ff, o6pa60TKll II xpaHeHll,ll ,llaliHhlX 0 ero 
JKCr1JJyarnu110HHbJX xapaKTep11crnKax. C-rpyKTyptta.ff cxeMa 
CY3 CKC 11KAP-C np11ee.neua ua p11c. I . .. 

B cocrns CY3 CKC l lKAP-C cTpyKT)'pHo exo.wfi-: 

- no.ncucTeMa K<I>M-AB3 - annaparypa K0IITp0JIJI 
cjn□11YecKoi1 M0tUttocn1 H aaap11i1ttoi1 JatU11Tu1 (,11ea K0M­
nneKTa - AK<I>M-1, AK<I>M-2)); 

- nyrrbT 011epaTopa; 

- A PM onepaTopa - aaTo~taT11311poeattttoe pa6oYee 
Mec10 onepaTopa; 

- A PM D P - asT0MaT11311posaHHoe pa6oYee MeCTo 
11p0I1380..'111TCJl.ff pa6oT; 

- A PM H Y - asT0MaTm11poea1111oe pa6oYee Mecro 
Ha'l8Jlblll1Ka ycrn110BKII; 

- 6OCC - 6noK o6pa60TKII CllrHM0B ceJtbCIIH0B; 

- CK- CTOi1Ka K0HTp0JJnepa; 

- CM6TT - cToiiKa 11cT0L1JJHK0B 6ecnepe6oi111oro n11-
1att11,11; 

- YK - yJeJJ K0'IMYTau11011Hb1i1; 
- n YM :)MC - I10,'..l,c11cTeMa ynpaenemrn McxaI 111JMa-

MH JJICKTp0Mexamt'lCCK0J"O CTCH,lla; 

- TTYM T 3C - no.uc11cTeMa ynpaeneHJrn MexaHIIJMa­
MII TOIIJll1B03arpy30LIHOii CHCTCMbl ; 

- 11cnonu11TenhHbIe MexaHJt3MbJ 3MC 11 T3C. 
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B npouecce co3,natt11ll CY3 6b1JJ npe,llJI0:>KeH, pa:ipa6o­
TaH II pean~□oeau cne.nyt0tU11i1 coepeMeHHb1i1 no.uxo.u: 

- 11pm,1ettetta JJJCKTp0HHM o6pa6oTKa II UHCppoeaJ1 pem­
cipawur Cllllian0B CCnbCllH0B, llBJUIIOlUliXCll ,ll8T'111KaMJ1 npo­

Me:>hyr0'IH0ro nonmKelUUI HCIT0J!HllTCJII,HI,iX MCXa.Hll3M0B; 

- nornKa cpyttKU110tt11poeau1ur CKC II y11paeneH1U1 Hc­
nonH11TeJIbHbIM11 MCX8HH3Ma~rn 3MC 6bl!l3 peanH3083H3 
HU 6a3e nJ1J1C (nporpaMMHpyeMblC JI0fll'lCCKJIC IIIITC· 
rpanbHble CXCMbl); 

- pa:ipa6ornua CHCTeMa KOMIIJJCKCIIOH perncTpau,m, 
ocytUeCTBnJIIOtUall c6op, Jl0nt'lCCKYIO o6pa6oTKy II xpatte­
Hlle Jt0JIH0ro uepeYHJI Clll'HM0B BBOt1a!BblBO.Ua CY3 c ue­
nb!O ll0JlyYCHIUI nonHoro np0T0K0na co6b1Tlli1, np01130-
wenw 11x 11a CKC, e1<1110Yall 1□MeHe11He J1,neptto-cjnn11Yec­
KIIX xapa1<Tep11c·I IIK. 

3 11eKTpOHHal1 o6pa60TKa (c ll0M0lllblO 6JJOKa o6pa-
60TKH c11rna.noa cenhc11tta (EOCC) co6c1 eett11011 pa3pa-
60TK11) 11 u11cj,poeal1 perncTpaUllll CltrHa.H0B ceJlbCll lla II0-
3B0JIILJIII yMeHbWIITb pa3Mep CIICTeMbl 0TCJIC:>KIIB3Hllll npo­
MC:>KYT0'IH0ro 11on0)KCHllll ,.'.lJlJI 20 IICll0JIIIJITCnbHblX Mexa­
tlll3M0B (no Cp3BIICHIIIO C KJlaCCll'ICCKOH CXCM0H "ceJlbCHH­
.uaTYILK - CCJlbCIIH-np11eMHIIK"). U11cppoeaJ1 (Ha 6a3e C'ICT­
'll1K3 ll~mynbCOB) pernCTpUUIUI npoMe:>h')'T0'll!0ro nono:>Ke­
HHll II0BblCILJia II0MeX03UllllttUeHII0CTb Jlll ll ll ii npH 11p11eM­
Jle.M0M yp0BHe T0'lH0Cl II 1103tlUII0Hl-fp0B8HIUI ( CH Cl eMan,­

'ICCKa.ff 11orpeUJH0CTb ± 1,7 MM np11 1800 MM nonH0I0 xo­
,11a). Ha p11c. 2 11pe,11crne1Ie11 BHCUJH11ii 811/.l. EOCC. 

.... 
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P11c. 2. BHcwH11ii e11.:i 60CC 

Kpdh EOCC CJJ)"JKIIT ;1m1 npeo6pa3osa111ui aHa.aoro­

m,1x BblX0Jl0B 0 I ceJJbCIIH-.Ual'JIIK0B flll!U EC-1404 B lU!cjJ­

p0BYJ-0 qiopMy, IIX o6pa60TKY II II0CJICi lYIOlllYIO nepcJ.ta'lY 

i J:JHHblX 110 Katt:ury CBlBII Ha )'J.JaJJeHHhlii K0MllblOTep (3BM 
Bcpxue1 o )P0IH!ll). KpeiiT IJ0Clp0\!11 110 Mo:iym,rroMy 

11p11Hu1111y (p11c. 2) B KapKace K0HCIPYKl 11ua "B11wHll11 

paJMewae1 Cll IO M0..'l)JI ii 1epHll'IIIOii o6pa6o I KIi CIIJ 11aJJ0B 

CCJlbCHII -JtaT"ll1Kllll (MQTJC) (50 KUll,!JI0B K0lllp0JUI C0-
C'I 0llHllll CC.lbCllll•;IaT'11tl\.l ). 

tl-l0J1y.1b mice r IUI fb HCJaBIICll'-tbl\ KallaJJ0B KOH rpo;ui 

coc lOllllllll CCJibCJlll-,!la I'll I Ka. MOLIYJJb B Kpeihe onpc;1CJUI-

. ,,.,_ 

IJ 

eT ua11paBJIcH11e apa1ueH1U1 ll K0Jrn'leCTao o6opoToa aana 

np1tB0.Ua. 8hlXO,l \10,l~Jlll (KallaJJ CBll311 C 38M) IIMeer on-

1opa31lll3Ky. Kpeih bOCC rrpeJIHaJHa,reH .lJlll 11c110JIbJ0Ba-

111ui B 1111cjiop,1au110HHO-ltl~tep11TC.JbllbIX CIICTe,tax. 

Kpeii r 06ecne•umae1: 

- pa6ory IO ,1onyrJeii MOTTC B KapKace K0HCTp)'Klll­

na " BIIWHll
11 

( 10 50 HeJaBIICll\lbIX KallaJJ0B KOHTp0Jlll) 

- pa6oTy 61101m 11maH11ll (El I) c peJepBllbIM 1111raH11-

c.,1 -,- I2B (ropll'l1tii pe3epB). 

t-.to.ayJ1b 06ecne'l11Bae1: 

- pa6oTy 5 HCJaBIICltMblX KaHaJJ0B K0IITp0Jlll o6opo­

T0B II Han pas. !CHIili Bpawemtll BaiIa IIJ)IIB0.Ja 

- IIHJU1KaUltlO 11anpas11e1111l1 11 opaweHHll BaJJa Ka)l(,!l0-

ro np1rno.:ia 11a nepe,.JHeii naHe 111 

- 6 IIMIIYJlbC0B 3a 0.llllll o6opoT BaJla npHB0Jia, 

- 11cpe.n.a4y .na1111b1x no KalK.lloMy np11ao;iy (Hanpaa-

·1eH1te BpauieHIUI, K0.1111.JeCTB0 o6opOTOB Balla np1rno.1a) Ha 

'.)BM BepxHero yp0BHll 1.Jepe3 011TOpa3Bll3aHHblll BbIX0Jl. 

I la p11c. '3 11pe.ucrns,1eHa np11HU11m1a,1&Hall :meKTJ)H'le­

CKall cxe,ia o,m1oro KaHana \I0.l),1ll MOTTC, JJ1eKTJ)ll'!ecK11e 

C\CMbl JlJlll 0C'laJJhHblX KaHaJJ0B aHaJJOfll'IHble. KaHa.11 

pean1noeaH ua RC-ue1U1x, y1111eepca IhHhlX lll0..'lax nma 

Kll.522, a Hanoi 0Bbix Ko,maparnpax cep1111 K 140 I CA2. Ha 

KMOII JIOntKe 561 ccp,rn, 611no;1llpH&1x p-11-p-rpa11J11c-

1 opax 11111a KT3107. Tpau111crop11b1x ornonapax nma 

AOT 127, cscro11JJ1Y,iaIouiHx JUI0Jlax rnna AJ1307 [2]. 
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Puc. 4. Tiym,T oneparnpa 

PeaJJJl30BaHHall Ha 6a3e TTfil1C (np0113BO.UCTBa 

AL TERA) nomKa c11creMbl 6blJ1a pa3MeweHa Ha 4 ne'-!aT­

HbJX nnarax B O.UHOH 113 natteJ1eil nynhTa oneparopa (pHc. 4). 

IlcnonhJOBattae TTJ111C noJaoruwo cywecrneHHO yMeHb­

WHTb paJMep JIOrH'-leCKOtt '-!aCTII CY3 (no cpaaHeHHl-0 

C JJOfltKOH Ha MIIKpopcne). PaJpa60TKa JlOfHKH Ha nK C 

flOMOlUbl0 cnew1aJJbHOH CIICTeMbl nporpaMMHpOBaHliJI Bbl­

COKOro yposHJl (AL TERA Quan us II) 11 MrHOBeHHall <me­
penpoumBKa» OnJ1C fl03B0JJIIJJII 3Ha'-IHTeJibH0 06J1er'-IHTb 

11 ycKOp11Tb npouecc OTJla)lK11. 

<l>yHKUIIOHaJlbH3JI cxeMa ynpaBJlCHlUI JICJJOJlHJITeJJb­

HblJ\IH MexaHH3MaMJJ CTeHJta npe.ucTaBJJeHa Ha p11c. 5. Ko­

Jlll'-leCTBO BXO.UHblX II BblXOllHblX CH17iaJl0B Ka)KnOro 1\10.UY­

Jlll yKa3aHO PllllOM co crpenKaMU. O6wee KOJllJ'-leCTBO 

BXO./lHblX CltrHaJIOB npoeKTa COCTaBJJJJ0 287, BbJXOllHblX 

ClffHaJIOB - 284. KpoMe BX0llHblX 11 BbJXO./lHblX CHrHaJlOB, 

CBll3bIBa!OIUl1X y11paBJ1lll01UIIC l\10.UYJll1 C COOTBeTCTBYI0IUJI­

J\111 06beKTaMl1 ynpaBJICHHll, 8 cxeMe npllCYTCTBYIOT BJaJJ­

J\I0CBllJII npaKHl' ICCKII MeiKJlY BCeMII ynpaBJUIIOIUIIMII MO­

ilYJlllJ\IJI. 8 JTII CBll3J1 B nepnylO 0Yepe.Ub BKJIJO'-leHbl Cl!rHa­

Jlbl pe)KJIMOB pa60Tbl CTCH.UU, Heo6xO.UIIMbJe ))JUI <PYIIKUIIO­

Hllp0BaHJJll scex MO.UyJ1efi, a TUK)l{e IIHQ)OpMau1101111b1e CHr­

HaJlbl OT 0.1l1111X rpynn 06beK1 OB ynpasne111111 K .upyrltJ\I. 

Pa3;..1ene1111e 11p0B0.JIIJIOCb no CpyllKUIJOHUJJbHOMY 11p113HaKy 

C YYCT0M paBH0Mept1oro pacnpe.ueJJCHllll 11poeKTUB 8 naMll­

TIJ MJIKJ10CXCl\t JI BX0,'lHbJX II BbJX0,/tHbl.\ CltrHaJJOB no BCCJ\I 

'-ICTblpeM M0.UYJllll\l 11p0CKTa. 
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PHc. 5. <l>yttKUIIOHaJtbRall cxeMa ynpaBJJCHJUI JiCOOJJHHTCJJbHbJMJ{ 

MexaHll3Ma~rn CKC 

TTJ111C <j)HpMhI AL TERA Bb1fo1paJJaCb, HCX0Jlll 111 yc­

Jl0BHfi Jl0CTaT04H0ro K0JlH'-leCTBa BX0)lHbIX H Bb!X0llHhIX 

c1-trttanos MHKpocxeMbI, o6beMa naMllTH 11 cnoco6a nepe-

3am-1c11 TTJ111C. )lJ1J1 pean113auH11 cxeMbl 6brna Bb16patta 

TIJII1C <j)npMbJ ALTERA EPM7512QC208-3 H3 ceMeAcrna 

MAX7000E . .llattttall MHKpocxeMa 11MeeT 164 nporpaMMH­

pyeMbJX Bb!B0,!la. TTpHHUMfll1aJlbHall cxeMa oprattl13aUJIH 

BX0)lHblX H BbJX0.UllblX Cl1l' HaJI0B JlJ]Jl TIJU1C npe.ncraanetta 

Ha p11c. 6. B Ka'-!eCTae TaHMepa, <j)opMHpy1-0wero Heo6xo­

l1J1Mb1fi .nn11 pa6oTbl TIJil1C TaKT0BbJH 11Mnynbc, 6bma BbJ-

6patta M11KpocxeMa KP I 006BI1 I . 

[ 
-----i 

P11c. 6. TTpltHUllnJlaJtbHa~ cxeMa opraH1nau1rn BX0,1.\HblX 

It BblXO.!lHblX CllrHaJIOB .!lJlJI TIJ11-1C 

C11rttan Ha BX0.UbJ TIJIMC 11onaeTcll c K0HTaKT0B pene. 

McxOJlll 113 .uaHH0ro ycn0BHll, .UJlll Q)OpM!-tpOB3HHll C00TBeT­

crny101Uero yp0BHJI c1-trttana Ha 1/0 nxo.ne TIJ111C peweHo 

6bJJJO ycTaH0BIITb rp11rrep WMHTTa C HHBepTep0M Ha Bbl­

x.o.ue. Tp11rrep, 11011~1rn tta csoeM axo.ue citrttan HH3Koro 

yp0BHJI, nopll.UKa 0,9 B, Ha Bb!X0.Ue ~>OpM11pyeT CHrHan 

BbJC0K0ro yp0BJ-IJI, 3,3 B, '-110 C00TBeTCTByeT ypoBHIO JJO­

rH'-leCK0fi I ,UJJj! .uaHHOH TIJTHC. B Ka'-!eCTBe JJleMeHTa, pea­

rnny101Uero .uattttoe rpe6oaau11e, 6bma Bb16paHa MHKpo­

cxeMa SN74LSl4D, cocT0llJ.Uall H3 wecrn rp!irrepoa 

lliMHTTa C 11HBCpTopaMH B 0JlH0M Kopnyce. 



<l>opMHpOBUHHe BblCOKOrO IIJIH HHJKOro ypOBHJI cur­

Hana HU BXO)I. TJ)l-trrepa ocymecTBJlJleTCll uenhlO, COCTOl!­

IUeH 113 pe311cTopoa R l 11 R2, KOH.nettcaTopa Cl H .u110.nHoii 

c6opKH VD I. ,a11011Hal! c6opKa VD I cny)l(11T orpaHll'-IHTe­

JJeM ypOBHJI BXO)I.HOro CJU-HaJJa MHKpocxeMbl DI. no ue1111 

RI-R2-CI npo11cxo.n11r JapH.n eMKOCTII Cl .uo ypoeHJI 
Uc, - 5 8, t, = (R l + R2)CI. Tip11 cpa6aThIBaH1111 KOHTaKT­

aoro nepeKJ110'-!aTeJU1 KIT,,, Koa.neHcaTop Cl paJpHll\aeTcll 

no uen11 R2-CI, lp = R2C I. PeJ11crop RI cJ1y)KHT Jaurnrnii 
OT KOpOTKOro JaMh!KaHJ,U!. 

TaKnM o6pa:ioM, .uo Tex nop, noKa He cpa6ornn KOH­

TaKTHhlii nepeKJ110'-!aTeJ1h, Ha exoa rpurrepa DI nocrynaeT 

CllrHaJl nop11.nKa 5 B. Tp~u-rep Ha BblXO)l.e BbJ)l.aeT CllrHaJJ 

nor11'-!eCKoro 0. I1p11 JaMb!KaHHII KOHTah."THOro nepeKJIIO'-!a­

Teilll KIT. npOHCXO)lHT pa:ipHll KOH)l.ettcaTopa Cl, H COOT­

BeTCTBeHHO, Ha axon DI nocrynaeT CHrHaJl HHJKOro ypoe­

Hll. Tp,u-rep nepeKJJIO'-!aeTCH H Bbl,/lUeT Ha Bh!XO.Ue ypOBCHh 

norn'-lecKott I. 
C Bh1xoaoa ITJII1C c11rnan ynpaeJU1eT KarywK011 pene. 

ToK norpe6neHJ,U1 pene - 20 MA, nonoMy Ha Bb1xo..:ie MHK­

pocxeMhJ ycTaHOBJICH MOIUHb!H BhlXO,!lHOH KacKall C OTKpbl­

ThlM KOJlJJeKTOpOl>I. B KULJCCTBe TaKoro KaCKa.na 6btn0 pe­

WCHO 11cnoJlbJoeaTh MHKpocxeMy SN74LS06D. KpoMe 

:noro, MHKpocxeMa TIJIHC rpe6yeT LUil! ce6l! n11TaHID1 

3,3 B, a MW<pocxeMb1 SN74LS 14D 11 SN74LS06D ucnonh­

JYIOT tlHTaHHe 5 B. ,[{JUI :noro 6b1m1 Bb16paHb1 DC/DC KOH­

eepTOpbl CXAI0-48S05 11 LMl l l 7DT-3,3. 

DC/DC KOHBeprnp CXA I 0-48S05 cjmpMbJ ARTESYN 

npeo6pa:iyeT HanpJDKCHHe 24 B c HCTO'-!HHKa OHTaHJ,U!, 

pacnOJIOJKCIIHOro e TTY e Hanpll)l(CIIHC 5 B, H JanHTbIBaer 

MHKpocxeMhJ SN74LS 14D, SN74LS06D H MHKpocxeMy 

KP I 0068111. TaIOKe 5 B c Bb1xo.ua MHKpocxeMbI 

CXA I 0-48S05 nepeaa10Tc11 Ha exo.n MHKpocxeMbl 

LM l l l 7DT-3,3 11 npeo6pa:iy10Tc11 e 3 ,3 8, KOTOpb1e 11c­

noJibJY10Tc11 ,!1.Jlll m!TaHJ,U! I1JII1C. 

Bee '-!CTblpe MO.UYJlJl ynpaeneHltll HMelOT 0,!lHHaKOBYIO 

annapaTHYIO peam138UHIO H OTJIH'-!al()TC/1 TOJlbKO 3arpy­

Jl(eHHOII a TIJII1C nporpaMMOii. 3To no3BOJ1Jler coKpaTrnh 

HOMCHKJiaTyµy 3_1,m (3anaCHble '-!aCTli, IIHCTJ)yMeHTbl, 

npatta.nne:>Kttocrn), a nepenporpaMM11poeatt11e Mo.ny11ei1 tte 
npencrneur 3arpy.u11ett11ii. 

I1p11 nporpaMMJ1poeaH1111 ITJIHC e Ka•recrne cnoco6a 

on11caH1tll cxeMhI ynpasnettm1 e cpe.ue Quartus 6h1J10 Bbl-

6paHo npe.ucrnBJICHIIC ee B BH,Ue 6JIOK-,!lllarpa~tM. B CBll3H 

C 60JJbWIIM 06beMOM pa3pa6aTbIBaeMOII cxeMbl npoena 

6htna np11Mette11a Texaonorn11 npoeKT11poeaH11H "csepxy 

BHll3"' T. e. OT 06lUCfO K '-!aCTHOMy. )].Jill Ka)l(Jloro 113 YCTbl­

pex MO.UYJJeii BHaLJa.ne COCTaBJillnacb 06lUall cxeMa, KOTopa11 

enocne.ucTs11u J.1ern;11n11poeanacb. TaKHM o6pa3oM, non y­

•1a;1acb cxeMa C IICCKOJlbKJ,f:\111 ypOBHHMH 11epapxm1. 

B 6oHhWHHCTBe cnyqaea Ha eepxHeM (caMoM o6r.ueM) 

ypoeHe 11epapx11H Bbl.[leJUIJIIICb COCTaBHble YaCTlt MOllYJlll 

6nOKH, IIMelOlUHe 0.IIIIHaKOBYIO crpyKTypy 11 BblOOJIH/110-

lUlle O,UIIHaKOBble cpyHKUHII. 3TO 1103BOJlllJIO m6e)K8Tb 

MI-IOl"OKpan1oi1 npopa6oTKII TllllOBbIX 6JlOKOB, KOl O]lble 

nocne O.UHOKpantoro COJ).lUHl!ll npocTO KOmlpOBaJIIICb 

ttyarnoe KOJ111LJecTao pa3. KpoMe Toro, np11 BHece1u111 1n­

MeHeH11ii B Tl1110B0H 6JIOK, H3MCHeHllll aBTOMaT1tl\eCKH BHO­

CIIJlllCb BO see ero KOIIJIII. no TaKoMy ;Ke np1murmy 8 Tll-
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rlOBhlX 6I10Kax BbJ,UeJIS!JlllCb crpyKrypbl, IIU3B3HHble cy6-

6,10KaMH. Ecm1 6Jl0Kll 118J1JlJIIICb yH11cpuu11pOBUHHblMH 

BHyrp11 O}lllOJ"O MOllYilll , TO MHOrlle 113 TIUIOBb!X cy66JIOKOB 

6b1n11 y1mqrnu11poeatth1 e paMKax ecero npoeKTa. B KOHeY-

110M Bil.UC cy66J10KJ1 OllllCb!BaJIIICb upocTeiiwllMII JJOfll'-!C­
CKHMH :)JleMCHT8MH. 

Heo6xo,UHMO TaKJl(C OTMeTJITb, '!TO OTlleJlhHbJe norn­
' leCKlle 3JleMeHThl, OOJICblBUIOlUlle B3al!MOCBll3b cy66JJOKOB 

a cocrnee 6JIOKOB, a TaKJKe 6JJOKOB e COCTaBe MO.Uynett, 

11p11cy,-crny10T Ha ecex ypoeHHx 11epapxm1. 

C11cTeMa KOMnneKcttoi1 perncrpaurrn pa3pa6ora11a 11a 

6aJe an.napaTttoro 11 nporpaMMHOro 06ecne•1ett~ npo1n­

no.ncTea National Instruments (PXI-Moaym1, Lab View 7.0 + 
+ Lab View DSC Module 7 .0). Ham1LJ11e nOJtHoro npoTOKo­

Jta co6h1rn11 e CY3 CKC, cocrneneHHOro, coxpatteHHoro 

II upe.nocTaBJJHeMoro no Janpocy aBTOMUTH'-leCKIIM KOH­

·rpoJlJ1epOM CY3 (p11c. 7), cnoco6cTeoeano o6ner'-!ettmo 11 

ycKopeH1110 npoue.uypbr orna.UKH H <p1n11qecKoro nycKa. 

I1pe,uocrnene1-1HaH KOHrponnepoM no.npo6ttei1ma11 HHcjlop­

MaUJ,U! 0 co6b!TIIJIX B CHCTeMe 003B0JlllJia npoeeCTJI OOJJHO­

ueHHhlH perpocneKTUBHblii aHaJJH3 B03Hl1KillHX OTKa30B H 

aeap11iitthJX curyau11ii, a TaIOKe npe,uocrae11na B03MO)l(­

HOCTh TOYHO YBll3aTb H.nepHO-cp113H'-!eCKJle xapaKTepHCTHKl1 

CKC c 110J10JKeH11eM H nepeMemettueM opraHOB perynupo­
eattltll. 

Puc. 7. CrniiKa Ko1npo!U1epa 

A BTO~taTll'l l.!CKllii KOHTJ)OJJJ!ep pa1pa60TaH ~13 6a3e 

crnH,aaprn PX! cj>11p, 1L1 National Instruments. KpeiiT KOH­

Tpom1epa COCTa8Jl1llOT: 



- Kpelh PXl-1 000B; 

- K0H-rpomrep NI PXI-8176; 
- nnara BB0,U8-Bb!B0llU PXI-6508 (5 WT.); 

- nnarn ssona-BhJBona PXI-6071 E. 
TiporpaMMHOe o6ecne4eH11e (TIO) ,um1 AK p83pa6orn­

H0 C l!Cll0nb30B8Hl1eM cpellbl p83pa6on<.H LabView 7.0 11 M0-
11ym1 Ko1-rrpoilll II c6opa ).181-lHhlX Lab V iew DSC Module 7.0. 

OCHOBHOe nO AK ocywecrnm1eT c6op }laHHhlX C Ka­

HUfl0B BB0,U8-Bh1B0ll8 B C00TBeTCTBY!Olll,J-le TerH 6a:Jhl naH­
llhlX C MUKCJ1ManbH0 B03M0)1(H0H CK0p0CTb!O H ocywecTB­
m1eT npoTOKom1posatt1-1e pa6oThl CKC, ,um, n11cKpeTtth1x 
Terns - np11 H3Mettett1111, nm, attanor0BhlX TeroB - np11 113-
Mettemrn Ha onpeneJiett11y10 sem-141rny. O6mee Kon114ecrno 
TCfOB - 427, H3 HIIX 32 - attanor0BhlX 11 395 - }lHCKpeTHhlX. 
BcnoMoraTenhttoe TIO AK ocywecrnm1eT nepBH4HYJO o6-
pa6oTKY .uatttthlX c uenhIO ,u11arnocrnposamu1 He11cnpastto­
cTei1, pac4eTa a6comOTHhlX 11 1-!HTerpanbHhlX .si,uepH0-
qm3114eCKHX napaMCTfl0B, BhlCTaBnS!eT np113H8K asapHHHO­
ro HJIH npe.11ynpe,u11Tenhttoro coo6wett11.si B 04epeJ1b coo6-
wett11i1, no1somieT npocMa-rp1-1saTh see TeKyw11e napaMeT­
phI ycTaH0BKH. BcnoMoraTenhHOe no 8BT0M8TH4eCK0f0 
Kott-rponnepa, APM onepaTOpa, APM TIP, APM HY nony-
4aeT 11HQlOpM8UHIO Teros 683hl ll8HHhlX. 

Bso}l attanoroBhIX c11rtta.r10B OT K<l>M-AB3 ocywecT­
sn.sieTc.si nocpencrnoM nnaThI PXI-6071 E s 1111ana3otte. 
•anhB8Hl14CCKaSI pa:rn.si3Ka no attanoroBhlM KattanaM 0TCYT­
crnyeT. Tinara PXI-6071 E 06ecne411saeT rpynnosy10 1a­
m11ry attanoroBhIX Kattanos Jl0 ± 35 B. 

BB0).1 II BblB0}l llllCKpeTHblX HHQ)OpM8Ul10HHhlX c11rna­
n0B ocymecrnmieTc.si nocpe,ucrnoM nnaT PXl-6508 s ypos­
tt.six TTJI. C11rttanh1 TTJl ypoBHJI ranhBaHJ-t4ecK11 pa:rn.si3a­
Hbl C o6wei1 CllfHaJlhHOH Cl!CTCM0H + 24 B np11 n0M0WJ-1 
yc-rpoftcrn cornacosamui. 

B Ka4ecrne yc-rpol:\crn cornacosaH11.si c1u-ttana ,unll 
BX0).1Hh!X flllHl1H 11cnonh3Y!OTCSI KneMMhl-pe;1e 859-354 
cjJ11pMhJ W AGO (Hm1p.si)l(eH11e n11TaHHJ1 06MOTK11 + 24 B, 
K0MMY'f11pyeM0e HallpS!)l(CHJle ,uo 250 B , KOMMY'fHpyeMbltt 

TOK ,U0 6 A). 
8 Ka4eCTBe yci-poi1CTB C0rJJaC0BaHHJI Cl-lfHaJJa ,Uilll Bhl­

X0,UHh!X n11tt1111 11c110Jth3YIOTCll Monyn1-1 SC-2062 (8 peJ1e, 

Hanp.si:>KeH11e rtl1Tallllll o6MOTKJI + 5 B, K0MMY'fHpyeMoe 
HanpS!)l(CHlle .110 250 B , KOMMyT11pyeMblll TOK 110 6 A). o6b­
e,Ul!HCHHble IL0 6 WTYK B e,UHHblit MeTaJlfll14CCKJUI Kopnyc. 

[lJUI BHY'fPCHHero M0HTa)l(8 CK IICn0JJh30BaHbl cospe­
MCHHble TexHJ1L1ecKJ1e pewe1111.si (KoHc-rpyKnrn EBPO­
Mexa111-1Ka, npy)lrnHHhie KJ1eMMbl WAGO 11 ,up.). 

B npouecce cjJ111114ecKoro nycKa npe,uno)Kett1-1b1e Tex-
11114ecK11e pewe1111.si npo,ueM011c-rp11posam1 oTnll4Hbie JKC­
nnya,-au110HJ1h1e xapaKTepllCTIIKII, BblC0KYIO Ha)J.elKH0CTb, 
YJJ.06CTJlO 11cn0J1b30B8HIUI, 4T0 cywecTBeHH0 o6ner411JIO 
npoueJ1ypy cj.>113114ecKOfO nycKa. 803HHK8BW1le OTKa3bl 11e 
npHB0}lHflll K 011aCHblM CIITYUUIUIM II 6blflll CBS!JaHbl C Ka­
L(CCTBOM 113rOT0BneHIUI 0T)leJ!bHblX K0MnneKry!OWHX. 

B 4aCTH0CTII, pe,UKJ!e 0TKU3bl MOn( 6blflll CBll3UHbl 

C Ka4eCTB0M K0MITJJeKry10w11x, HCn0JJb30BaHHh!X .IIJUI 113f0-
T0BJleHIUI ne4aTllhlX rmaT. 803MO)l(HQ np11 l13f0T0BJJeHJ-111 
CJie)l0Bano 6bl IICl10Jlh30BaTb l!Mll0pTHble attanorH BMeCT0 
K0MnneKrylOU111X 0Te4ecrneHHoro np0H3B0,UCTBa. 8 BHJlY 
Toro, 4T0 H3 B03MO)KHbIX 40 KaHaJIOB EOCC 6b1JJO ucnoJlh-
30BaHo scero 19, 1-1 np11 HaJU1L111Jl MO}lynei1 MOTIC s 3l1TI, 
spell-ISi B0CCTaHOBJ!eHJUI pa60Tocnoco6HOCTl1 COCTaBJlS!JlO 
He 6onee 30 MIIH)"f (nepeCTaHOBKa MOnC 11 nepe3a11yCK 

CY3). 
B npouecce orna11K11 nynbTa ynpasnettHJt 11 CY3 s ue­

noM 43CT0 B03HJ1Kana Heo6XO,UHMOCTh H3MeHeHHJI aJII'0-
pHTMOB QJ)'HKUHOHHposaH~UI CY3. EnaroJ1ap.si Bb16paHHOMY 
TeXH114eCK0MY peweHHIO no pean113au1-111 cxeM ynpasne1111J1 
Ha 6a1e TIJ1l1 C BCll pa6o-ra CB0}ll1J13Cb K K0ppeKTHp0BKe 
nporpaMM l1 «nepenpowHBKe» TIJIHC, HHKaKHX MOHTa)l{­
HbIX pa6oT He np011380,Ul1fl0Cb, 4T0 110380JlHJl0 COKpaTHTb 
speMSI 0TJia}lKl1 B 11eCK0J1hKO pa3. Eonee Toro, sech nynbT 
6h!Jl CM0HTHposa1-1 no cxeMaM B MaCTepCKOM M0HTa)l{HHKa­
MH, He 11Me10U1HMH Hl-!KaKoro 0THoweHHSI K CKC, np1LBe1eH 

u yc-raH0BJJeH. Tio.aroTOBKa ero K pa6oTe C0CTOSIJJa T0JJhK0 
113 «np0WHBKH» TIJlMC. HecKOJlbK0 0TK330B MO}lynei1 
ynpaBJleHl1ll 6b1JIH CBSl33Hhl C Ka<[eCTB0M M0HTa)Ka :meMeH­
T0B Ha ne4aTHhlX nnaTax (33Ka33HHb1X y CT0p0HHero H3f0-
TOBl!TeJ1Jt) - HeKa4eCTBeHHhltt nna11apHhlM M0HTa)I( pe3H­
CTOp0B BO BXO}lHhlX KaCKa}la.x. nponafu<a yc-rpamrna JTY 

npo6neMy. 
Cnc-reMHOe nporpaMMHOe 06ecne4e1111e as-roMaTH4e­

cKoro KOTfl0JlJJepa ,U0CTaBHJl0 Ha1160Jlhwee K0JJH4eCTB0 
npo6neM. £a1a }laHHbIX LabYiew DSC Module 7.0 nep110-
n114ecKi1 nepec-rasana QJYHKU110HHpOBaTb 6e3 BH}ll!MhlX 
npH411H, np11 3TOM ace sci-poeHHble CBOHCTBa }lHarHOCTHKH 
y-rsep)l{,Uana, 4TO Cl1CTeMa QJYHKUHOHHpyeT H0J)M8JlhH0. 
MHOf0411CJieHHble nonbJTKH ynyqWHTb cTa6HJJhHOCTh pa-
60Thl LabView DSC Module 7.0 He ,uan11 cywecrneHHhIX 
pe3yJJbTaTOB. Cny)l{6a noMep)l{KH cj.>11pMb1 National 
Instruments npo6neMy npa1Hana H coo6m1rna, 4TO otta n11-
KB1t,u11posaHa s LabView DSC Module 7.2. B 11ac-ro_.simee 
speM.si 1aKy11neHo c11cTeM11oe no LabYiew 8.2 H LabView 

DSC Module 8.2. CTa611J1bHOCTb pa6oTbI 6y.ae-r nposepetta 
B }laJlbHeiiweM. 
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.lI,HHAMMKA EblCTPOrO PEAKTOPA 
C AKIJ.EHTOM TOlJHOro BOCIIPOl13BE,ll,EHIUI <l>OPMbl HMIIY JlhCA MOlll.HOCTlf 

B. <I>. KoJieCOB, B. E. rpe•1yUJKIIII, A. A. ,ll,eBHTKUII, E. B. 11HTHOHUa 

<l>fYIT "P<l>Jlll-BHI1113<1>", 607188, r. Capos HmKeropOllCKoil o6n. 

Bo BHI1H3ct> pa3pa6aTbJBaeTCJI '13CTOTH3JI MeTO.UHKa Hepa3pywaiowero KOHTpOJJJI ueJJOCTHOCTH 3JJeMeHTOB aKTHBHOil 3OHbl 6b!­
CTporo HMnyJibCHOro peaKTopa. }IJIJI ueJJCH conpOBO)l()leHIIJI '.JTOH MeTOllllKI! Tpe6yCTCJI llOCT3TO'IHO TO'IHOe aocnpo113Be.uem1c B pac<1e­
T3X peaJJbHOH <jJopMbl f!Mnynbca MOWHOCTII He TOJJbKO B HOpMaribHOM COCTOJl!flfll ah"TIIBHOH 3OHbl, HO 11 np11 nOJIBJJeHIIH B HCH nospe)l(­
llCHllii. TaKoil MeTOll pactteTa npeilllOJKCII B HaCTOJIWCil pa6oTe. B OCIIOBe MCTOll3 JJelKIIT npHHUl!n cynepnO3HUl!I! pewemtil JlllHeHHblX 
;m<jJ<jJepeHUllaJlbHblX ypaBHeHIIH, 11onycKaioumi1 onepau1111 B QJYHKUIIOHaJJC o6paTHOii CBJl31f He c nOJJHblMII peweHIIJIMI! 33113'1 TCpMO­
ynpyrOCTII, a C !IX QJYHKUIIJIMII fpHHa. 

THE DYNAMICS OF THE FAST REACTOR WITH ACCENT OF THE POWER PULSE SHAPE EXACT 
REPRODUCTION/ V. F. KOLESOV, V. B. GRECHUSHKIN, A. A. DEVJATKIN, E. V. INTJAPINA // The frequency metodics 
of the non-destructive inspection of the core elements integrity of the fast pulsing reactor is being developed. for the purposes of this 
metodics support the enough exact reproduction in calculations of the power impulse real form not only in the no1mal condition of the 
core, but also at the occurrence of damages in it is required. such method of calculation is offered in the given work. the method is based 
on the superposition principle of linear differential equations solution, permitting operations in the feedback functional not with thennoe­
lasticity problems full solutions. but with their green's fimctions. 

Bo BHI1113<1> pa3pa6aTbrnaercl! 4acTOTHaJ1 MeTO)lHKa 

Hepa3pywaioll.lero KOHTpOAA uenoCTHOCTlt :)JleMeJ-ITOB aK­

Tl!BHOH. 30Hbl (A3) 6bICTj)blX anepHO,IH!'leCKHX IIMTIYJlbCHhlX 

peaK"fopoB (AMP) [ 1]. 3m MCTO)lHKa ll03BOID!eT noJiy'laTh 

11HqJOpMaUH!O O TIORBne11111-1 llOBpe)l{neHHH B :rneMeHTaX A3 

Ha caMOH. paHHCII CTa)llH! 11 cnoenpeMeHHO OCTaHaBmIBaTb 

'.lKCllJiyarau1110 peaKTOpa, npenoTBpall.laR TeM CaMblM B03-

MO)l(Hble IlHU!llleHThl BCJIC.[J.CTBHe HeKOHTJ)OJll!pyeMoro 

CMell.leHWI nospeiK)leHHbIX )leTaJtei1 A3. 

l1MTIYJihC MOll.lHOCTH s 6h!CTJ)OM Av!P ycnoBHO MOiKHO 

pa161tTh Ha 6b1c-rponepeMeHHYIO, KOflOKonoo6pa3HYIO 

'!aCTb It Ha CJIC.UYIOll.lee Ja Heil HI13KOJtHTeHCJfBHOe, Me.u­

JJeHHO MeHJIIOll.lCeCll "nnaro" (Hfllf "XBOCT"), 011pe)leJ1J1e~we 

B OCHOBIIOM pacna110M 11CTO'llUlKOB 3a!la3.Uh1BalOJl.lHX Heil­

TpOHOB, HaKOTIJleHHhlX 8 6b1CrponepeMeHHOH '!aCTH IlM­

nym,ca. B rtOJIHOM8CWTa6HblX ltMllYJlbCax 8811,lly O'leHh 

6b1c1poro pa3orpena A3 B ee :)JleMe1nax B036Y'A<llUIOTC/I 

n116pau1111, BCJle)lCTBHe LJt!fO MOll.lHOCTh peaKTopa Ha "1u1a­

T011 IICllblThJBaeT KSa3Hnep110,1lll'leCKHe KOJie6aH!lll. 

Pa3pa6a fbIBaeMall '!aCTOTHall MeTO.UHKa cp11311'1eCKII 

OCHOBa11a 11a OLJCBltllHhlX 3aKJ110'leH1tRX, 03Ha'!alOlllllX, '!TO: 

- cneKTp KOJie6aH111t MOJl.lHOCTII peaKropa Ha rtJHITO 

ltMllYJihCa nocpe.ucrnoM peaKTIIBHOCTHOil 06pan1oi1 CBll311 

O)lH03HU'IHO CBll3UH co cneKrpOM Mexam1'leCKHX BH6paUHII 

TOf!Jll!BHhlX '.lJICMeHTOB A3; 

- CIICKTJ) MexaH11YeCKHX B!i6pau11i1 JJieMeHTOB A3 113-

MeHlleTCll tlpll llOl!BJ1eH1111 B nocJie.[lHl1X nonpeiK.ueHJIH 

(TPCJl.lHH). 
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KOHKpeTHO, '!aCTOTHaR MeTOllHKa JaKJIJO'laeTCll B pe­

nicrpaurm cpopMbl 11MTIYJibCa MOll.{HOCTII peaKTopa, onpe­

)leJieHHH cne1,.,panbHhlX xapaKTepHCTIIK KOJie6aHHtt MOll.l­

HOCH1 B Me,llJleHHOH. '13CTH 11MTiyJlbca 11 nocne11y10ll.lero 

cpaBHeHl!ll JTHX cneKrpaJibHblX xapaKTCpHCTl1K C TaKOBhl­

Ml1 llID! llCXOllHOro, 3ane110MO cso6011Horo OT nospe)l{)le­

HHH. COCTOl!HHll A3. Kp11TepHeM UeJIOCTHOCTl1 TOTIJIHBHhlX 

JJleMeHTOB (T3) llBJilleTCll cosna11eH11e llBYX yKa3aHHblX 

rpynn cneK-rpaJthHhlX xapaK"fepHCTHK. 

.[J,IDI ue11ei1 pacqernoro conpono)l{)lemll! pa3pa6aTht­

saeMoii '!aCTOTHOH MeTO.UHKH -rpe6yeTCll llOCTaTO'IHO TO'I­

HOe BOCnpo1nne11eH11e B pac<Jerax peaJihHOH. cpopMhl HM­

nynbca MOll.lHOCTl1 AHP He TOJJbKO B HOpMaJihHOM COCTOll­

H11H T3, HO II 11p11 TIOl!BJieHIH! B HeKOTOphtX 11JU1 BO BCeX 

T3 nonpe)l{tteHHH B B11lle rpell.lHH HJII! pa3pb1BOB. 

B HaCTOllll.lee npeMl! l!MelOTCll xopowo o-rpa60TaHHhle 

MCTO)lbl pac'!eTa .[J.HHaMHK11 6blCTJ)blX AHP. Ecm1 He KOH­

ueHrp11poBaTb BHJIMaHMe Ha O'lep'!eHHOil BbIWe 3a11a4e 

Hepa3pywa1oll.lero KOHTj)OJJ$1 ueJIOCTHOCTJI )JieMeHTOB A3, 

TO TO'-IHOCTb cyll.leCTBYIOlllHX s JTOH. o6JJaCTII anropHTMOB 

MO>KHO CLJl!TaTb BTIOJIHe Y.UOBJlCTBOpHTeJJbHOH.. 

KaK npanuno, ypanHeH1111 111rnaM11K11 6hICTJ)hIX AHP 

<l>OpMyn11py10TCll Ha OC!IOSe JJJtlleHHOH Teopmt ynpyrocrn 

It 803MYll.lClrnil peaK"fllBHOCTH B npennoJIO)l(eHHH He1!3MeH­

l!OCTH n o6beMe A3 npocrpaHCTBeHHhlX pacnpe.ueJICHl1i1 

f!JIOTHOCT!I rtOTOKa HCHTJ)OIIOB H TeMnepaTyphl [2]. PeaK-

1 l!SHOCTHall o6paTHaR CBll3b B JTHX ypanHeHHllX npencTaB­

nlleTCll cpyHKUHOHaJIOM 



...,. 

6p(t) = fv 11 ( i. t) grad W (r) d,:, (I) 

rne !/ ( r ,t) - BCKTOJ) 1epMoynpyrnx CMCLUCHIIIT cpeJ.lbl A3; 

W ( r) - cpy11KUWI B03MYLUC!illi1 peaK1HBHOC1J1; 6p(1) -

113MCHCHIIJI peaKTIIBHOCTll, npoH3BO,'lll~tble Tep~10ynpyr11MH 

cMeLUeHJtllMH cpellbl A3 np11 ee pa3orpese; V - o6beM A3. 

Tepr.10ynpYTHC CMell(eHIUI 1i(r,1) B TOflllllBHblX 1ne­

Me11rnx B peaJJbHblX CJ1y'1-lal!X MOryr 6b1Tb onpeneneHbl KaK 

peweHIUI BCCbMa CJ10)KHblX CIICTCM ypaBHCHHfi B 48CTHblX 

np0113B0.1lHblX [2]. Henocpe.ucTBeHHOe BKJII-O'-leHHe HX 

s 11on11y10 c11cTeMy ypas11ett11il .UHH8Ml1KH AJ1P L1pe3MepHo 

ycJJO)KHHJIO 6b1 nocnen1111e. 

B TJ)8.1lllU110HHOM ru1ropHTMe peweH.HJI 38,.'la'-111 ,1ll!Ha­

MIIKJI 6hlCTj)blX AMP, KaK npaBJUJO, peanbHble ::me~teH I bl 

A3 CBO.UJITC.JI K l(CTaJJJIM 11.ueaml3JIJ)OB8HHOM cjiopMbl, 

a mteHHO K ).lCT8Jl.JIM Tlllla TOHKOro KPYTIIOfO )lllCKa, CTCplK­

IU!, ccjiep114ecKoil o6onoLtKll II T . n. PeweHHJI 3a;:iaL1 TepMo­

ynpYTOCTII .UJJ.JI 11;:ieaJ1113HpOB8HHblX )J1CMCHTOB A3 y.uaeTCJI 

nonyLiaTb 8HaJlllTJl'-leCKJ1 C nOMOLUbl-0 MCTO.Ua J)a3J10)KCHILJI 

no co6CTBCIIHblM cjiyHKUHJIM II npe.UCT8BJJCHl1JI IIX B Bll)le 

J)ll.UOB 113 4J1CHOB C pa3.llCJ!CHHblMH 11poc-rpa11CTBCIIHOIT 

11 epeMeHHOH 38BIICHMOCTJIMH. flpH TaKOM no.nxo.ne TIOCJie 

BblTIOJJHCHHJI HHTerp11poea1111J1 no npoc-rpaHCTBellllblM KO­

Op.lll!HaTaM B q>yHKUIIOHaJie ( 1 ), ypaBIICHH)I .UHH8MllKH 6b1-

CTj)blX AMP npeo6pa3yJ-OTC)I K pewaeMOIT 41lCJJCIIHO CltCTe­

Me o6blKHOBCHHblX .ll11Cpcpepe11u11a.rJbHblX ypaBHCHIIH. 

ECJUt HCIITpOllbl, OTj)a)KCHHblC OT CTeH Jana II OKp)')K8IO­

llllL'< A3 npe.llMeTOB. -rpaKTOBaTb KaK }lOTIOJlHIITeJlbHbJe rpyn-

11bl 38Tia3,llbl881-0LU11X ttefrrpoHOB, TO npeo6pa30BaHHM CIICTe­

Ma ypaBHCl-lllH .lll1H8MHKJ1 6bJCTpblX AJ1P 6ylleT llMeTb BIUl 

dn p(1) - f3:iq, L 
- =-----'---11(1)+ LA;C, (t) +S(t); 
dt A i= I 

dC; = f3;Jq, 11(1) - A C (t). 
di /1. I I 

i = 1, 2, ... ,l; 

(2) 

I 

q (I) = f n (I) di , 
0 

r ne 11(/) - MOLUHOCTb peaKTopa; C,(1) - ~tOUlllOCTb IICJOLIHJIKOB 

3811a:3.Llb1881-0LUIL"\. II OTJ)alKCIIHbLX 11efrrpoHOB; p(I) - pea!ffllB­

HOCTI,: Po(I) - peaKfHBHOCTb 6e3 Y'ICTa BJ111JIIIIIJI o6pan-lbLX 

CBHJeil; 11,(1) - ycJIOBHOe CMeLUett11e 8 }-ii rapMOHIIKe KOJ1e6a­

Hllli. Bblp:.!)KeHHOe B e.n1u-111uax ::meproBbWCJ!eHIIJI; Ao, A, -
11apu11ru1b1-tb1e KOJcpcp11u11e11Tu1 peaKTJIBHOCTII. OT1-1ecettHb1e 

K q(t) IUIII Kj-tt rap~tOHIIKC KOJ1e6al-1l11i, (J.J, - KpyrOBble COOCT­

BCH.Hble L!aCTOTbl rapMOHJIK KOJ1e6a1111ii T3, L - cyMMap1-1oe 

411CJ10 rpynn 3a11aJ,llbl881-0UlltX H 0111a)l(eHHb1X HCITTJ)OJIOB. 

K0Jq1cp1u111e1-1Tbl Ao, A, CBJ138H.bl C 06hJLIHblM KBaJIICTaTIIL!e­

CKJL'vl KO'.l<pcplllUICHTOM peai-..-nIBHOC'nt A COOTHOWCHlleM 
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YpasHeHll)I (2), ecnll orpaHH411TbCJI KOHCL!HblM 4IIC­

JIOM rapMOHHK KOJ1e6att11il, pewa!OTCJI 4HCJJCHHO. 

KaK CKa3aHO Bbl We, np11 QJOPMYJIHp088HHH ypaBHCHHH. 

(2) HCrlOJ!bJOBUHbl a11aJ111ntL!eCKHe peweHILJI ypaBHeHMfi 

Tepr.wynpYTOCTH, npe.ucTaBIIMblC B BH.Ue Bblp8:>KeHl1M 

C pa3,1leJICHHblMl1 npoCTp8HCTBCHHOH H speMeHHOH 38811-

CIIMOCTJlMll. XoTJI cospeMCHHblC uporpaMMbl i-pexMepttoro 

'-IIIC, ICHHOro C4CT8 1103BOJ1JII-OT H3XO.UHTb TOLJl-fble peweH.HJI 

3atl34 TepMoynpYTOCTII .ua)Ke .UJJJI .lleTaJJefi CJJO:>Kttofi qiop­

Mhl , BOCOOJ!b30BaTbCJI HMH np11 cpopMyn11posatt1111 Tj)8JlH­

UHOHHblX ypae11ett11il ;:i11ttaM1uo1 AMP ttenb3H. flp1111tett11-

1e11b1-10 K AJ1P np11 TpaiIHUHOHHOM nonxone C TIOMOll.lblO 

YK838HHblX T0'-1!-lblX 11porpaMM MQ)l(HO onpenenJITb (H :no 

nenaeTCJI) JlllWb MCX811114CCK!le ttanpll)KCHllH. 

B IlaCTOJlll(CM )l0KJ18).le npe.LU!O:>KeH HHOH. MCTO,ll om1-

ca1111)1 .!1111-18.MIIKII 6blCTj)blX AHP. 3TOT MCTO.ll, B 0Tnll4He 

OT TJ)aJ.lHUIIOHHOro, nOJBOJLJICT BKJJI-OL!aTb B ypaBIICHILJI .llll­

H8MHKII AvfP TOL1Hb1e 4ucneH1-tb1e pewe1-11LJ1 Ja.naLJ Tep.Mo­

ynpYTOCTH. B OCHOBe MCTO}la JIC)KJIT npHHUllfl cynepn03H­

UIIII pewe1111il JJIIHCIIHblX .uucpcpepeHUHaJibHblX ypae1-1e1-111il, 

,uonycKalOLUlltt onepaw111 B cpyHKUIIOHaJJe ( [) He C TIOJIHblM 

pewe1111e111 ii (r ,t), a c ero qiy1-1KU1tett fp1111a ii0 ( r, t). flp11 

JTOM L111cnettHoe pewe1-111e 3ana411 Tep~10ynpyrocn1 nposo­

,111ncJl ,llJJJI npaKTl14CCKl1 Ml'HOBeHHOro em1HJt4HOro CKa4K8 

)HeproBbl)leJICHIIJl 8 MOMCIIT I = 0. MOlKHO, H811pHMep, 

npllHJITb, 4TO KB83HMntoBeHHblIT CKc\40K )HeproBbl,llCJleHl·IJI 

6q(0) = l K)l:>K npOHCXO,'lHT B pe3yJibT8Te MO.UCJlbHOro 

04CHb Kp8TKOBpeMe1-11-10ro IIMHYJlbC8 MOLUHOCT11 ii (I) 
( ,; s KBT) B s11ne 

_ lii = _!_ np11 -
61 

:5 I :5 + 
61 

, 
II (I) = 61 2 2 

0 11p11 ,upyrnx I. 

flo ii (I) MO:>KIIO onpe.uemtTh Mo.uenbttoe pacnpe.neJ1e­

H11e Te~mepaTypbl B A3 0(r) = D(r)6q(0) ( D(n - 113-

seCTHaJI QJYHKUIIH) 11 .naJiee, KaK pewett11e ypas1-1ea111i Tep­

MoynpYTOCTII, zio ( r' I) . 
11HTerp11poeattae no Koopt111HarnM B cpy1-1.KU11011aJie ( l) 

JlJLJI 3cl,'13HHblX MOMCHTOB speMeHII BblllOJJHJleTCJl TOJlbKO 

C QJYIIKU11ei1 fp11Ha iio ( r, I). 8 pe3yJlbTaTe onpe.neJJJlCTCJI 

"csepHyrn11" cpyHKUIIJl fp11Ha Op(/): 

8p(1) = f 1i0 (r.t)grac.llV(r)d,: . 

' 
(3) 

)].Jrn p eaKTopa C Hell3MCHllCMblMJI TJ ceepHyTU)I cpyHKUILJI 

fp11Ha Of)(I) paCC411"1 blBaCTCJI 0,/lltH pa3. 

¢yHKUILJI 8p(t) 11pe,UCT8BJ!JleT H3MCHCHJ1JI peaKTJIB!-10-

CTII, 11p0113BO,llllMblC CMCLUCHIUIMII 110 {r ,/) . nocKOJlbKY 

llj)IIHUIIIJ cynepnOJHUllll IIJ)IIMCH11M II K 011Cp3Ul1JIM C Op(I), 
IIOJIIIOC, 1 . e. OTHCCCHHOe K peaJJbHOli MOLUHOCTII peaKTO­

pa 11(1), IIJMCHeH11e peaKTHBI-JOCTlt KO BpCMCtlll / 3UJ1HCbl­

BaeTC)I KaK 



I Hano~IHltM, '!TO KOJ<j,<jmu11e1nbl A1 onpe,ue,'UIIOTCll 

L\p(t) = f 11 (TJ)Op(t-TJ)dTJ (n(t)- B 1<l3T). 
0 

(4) BbtpaiKeHIUIMlt (5), CBepHyrall QJYIIKUIUI fp1ma Or(/) - Bbl­

pa)KeHl!e\l (3 ), QJYIIKIUlll fp11Ha tio (,=.I) paCC'!IITb!BaeTCll 

<l>)HKUIUI fp1ma O(l{f) MOiKeT 6bllh HpOH3BOnbHOtt 110 

tj,op~IC, II, eoo6iuc rosop.11, ccmt He BOCIIOJJb30B2TbC.H 06-

XOllHblMII np11eM3Ml1, 1tH1erpan )].t0a,1eJ1J1 (4) Heo6XO.UIIMO 

paCC411 I b!Balb 11a K3il,;,UOM ware c•teTa nOJll!OH CIICTe\tbl 

ypastte1111it .zu1ttaM1tKH AHP B ueJ1J1x HJ6ejf(aH1111 noro 

yc:1o"'He1111.11 6y;te,1 npe;mo.'!araTb, 1110 pacYeTbl 11~111)'nb­

cos MOLUHOC111 B AMP npOBO,!lJITCJI ,!lnJI J!HTepeana apeMe1111 

01 11yi1.11 .!lO T u q,y11Kw1.11 rp11tta op(t) npe.!lcrne:1.11erc11 

8 BJUl.e p.11.:ia <l>ypbe no c1mycaM IIJJII KOCHHyca~1. B )TO\I 

CJI)"{ae 11HTerpan (4) CBO,llHTC.11 K 06bJKHOBeHHblM ,!lll(pcpe­

peHUllaJlhHblM ypae11e111t.11M, pewaeMblM 330,lHO C .apyrnMJt 

ypas11e111111M11 .a1111aM11K11 AMP. 

KoHKpeTHO np11 pa3JIQ)KCHll!t op(/) B Pll.l 110 CIIHYC3"t 

11,1ee,1 

00 

op(r)= I 41 sin{w;t), 
j-1 

? T . 
A1 =-=- f op(t)sin(w/)dt, wj = Jrt, 

T 0 T 

I 

ilp(t) = f n(ri)op(t-TJ)dTJ = 
0 

- I -z::,-1 if 11 ( TJ) sin [ w 1 ( t -11)] dTJ = L A /1> 1 ( t) • 
J=I O J=l 

I 

<l> j (t) = f n{TJ)sin[ w1 (1-ri)]d11. 
0 

(5) 

B peJy,1b Tale llByKpaTHOro .lHQ)g>epeHUllpOB3Hll.ll <l>p) 

IIOJJY'lilC\t, '!TO :na <pyHKUllll Y.!lOBJ1ereop11e1 ,111cpcpepCHU1l­

a..1bHO\I)' ypasuemno 

i!.<t> 
-,-1 +W]<l> I (t) = 11(t), 

dt-

<I> 1 (0) = <l>~ (O) = O. 

TaKll\t o6paJO\I, n HOBOii, BKJIIO'HllOLUeii TO'lllble pe­

UJeHIUI Ja,.'.la'lll 1ep,10ynpyroc.111. cpop,1e cucreMa ypaeHe­

tt11ii .UHHaMIIKII 6b1Clpb1X AMP JanHCblBaeTCJI KaK 

d11 P ( t )-133<1, L 
-=---'-11(t)+ LA,C,(t)+S(t), 
cit i\ 1 

t!C, = l3, ''1' 11 ( t) C ( ) A1 ; t, t = l,2, ... ,l, 
dt ,\ 

P Po ( t) t- I I /l> i ( 1). 
j=I 

d2<t> . 
__ I +o? <J> . ( I ) 

dt2 1 1 11(1), w1 = jn, j = 1.2 .... 
T 

n(O)=C(O)=O, <l> 1 (o) = ct>~ (o) = o. 

(6) 
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C [10\tOlllhlO rpe>..Mepuoii 'll!C IeHHOit nporpa,tMbl peweHl!JI 

3a,na•1 1ep~t0y11pyrocrn, a cj1yHKUIIJI B03MYlUCHl11i peaKTHB­

HOCTII H ( r) - KaK II B Tpa.'.lllWIOHHO\I \leTO,'.le. C no:110-

lllblO MHOrQMCpHOii nporpaMMbl nepCHOCa HeiiTpOHOB. 

C11CTe\t'.I ypasHeH1111 (6) no crp)'KTypc no;ro6ua ypaa­

HeH11.11M (2) II TaK>Ke JlerKo pewaeTC.11 '!IICJICHHO. 

noJJHO\lacwrn6HbJe pac'leThl c IIOMOlllblO ypaeHeHHii 

(6), 11cnonbJYIOLUIIX 'IHCJleHHO onpe.:1eJ1J1e,1yt0 cpyHKWIIO 

fpHHa i°io ( r, I), 110Ka He llpOBO.llHJIHCb. Ht1)Ke, 8 UeJI.IIX 

11pe.:1sap1ne IbHOro no .. neepiK.'.leH11J1 ,1eikTBeHHocn1 npe..:i­

no>KeHHOro 3::tech \teToi:ta, np1rne;reH peJynbTaT pac'leTa 

,llllH3\111KH MO,.'.leJibHOro AHP C 110\IOLUblO KaK TpallllUIIOH­

HOro \leT0,.'.13. TaK II HOBoro \tCTO,.'.la, 11cno, tb3ytOLUero, O,.'.l­

H3KO, He LIJICneHHO, a attaJJIITll'!eCKII onpe.neneHHYIO cpyHK­

UHIO fp11Ha 110 (r,t) npe,.'.lll0,1ara..111, '!TO A3 \IO,.'.le.1bHOrO 

Al1P IIMee1 cpopMy npaBIIJlbHOl'O Kpyrnoro UIIJIIIH.Upa 

II COCTaBJJeHo WCC1bl0 11,!J.eHTll'!Hbl\lll ,.'.lllCKU\111 113 CllJlaea 

ypaHa 90 °'o-Horo o60raLUCHII.II C MOJlll6.JCHOM (~taCCOBall 

nonJ1 IO%). B11yrpe111111i1 11 n11eUJH11ii pa1111ycb1 1111cKa pau­

Hbl 5,8 11 13.4 CM. B ue1J1x ycrpaHCHl1JI npoue..:i}pbl .. '.111cp­

q,epCHU11pOB3Hl1JI JV(,') B cpyHKUIIOHane (I), 110CJJellHl111 

B paCC\fillpllBaCMO\I Cn)"laC Obl.1 npeo6pa30B3H f1yie\l 

11H1erp11poeaH11.11 no '!aCT.IIM npoue;lypa ;t11<j,cpepeHtl11poea­

HHJ1 B (I) 6b1;ia nepcHeceHa Ha aHaJlltTll'!eCKlle Bb1pa)f;e11Jtll 

,lJlJI C\leLUCHlltt. 

A11an11111'!CCKOe, 33BIICJllUeC TO.'lbKO OT r H t, peweHJIC 

33.la'!II 1ep\toynpyroc111 ll)lll TOHKoro ...'UtCKa B3JITO 113 CTa­

Tbll (3). Pewc1me HMeer e11:1 

u(,,r) = [( G1 + G2,)-~ ( G1L/ + G2l{ )r,, (A f) jq(1)+ 

+ L J\rl 6, (A/") ct> j ( t) ; 
j I 

I 

<t> 1 (t) = f n(ri)sin[ w1 (t-TJ)}h1; 
0 

abK ( 1 + v) ( og - op) K ( ao? -beg) 
G1 =------- ; G2 = -----; 

v(a-b) a-b 
N 1 =Kw)x 

x{h~a[ah(~+v)(e?-o~)~jJ (ae? 1>0g)L~1>]-

I +,v [ab( eQ -o?) L~/ + Mu 1ll; 
kj v(a -b) 

b lb 1(/J =fr"'P {A r)dr Jr'°'2 {A r)dr· m=l 2 - I· .,,, r I J r> J J • ' ' ' 

a " 



..,,. 

,\f( ]) [b{;, ( 1, ;11 )o~ -a{-;, ()1. Ju )or -

-1.'1r00 (r)f:o(i.J' )i1r]/ f rr,t(1.J'}t,; 
a u 

1,o,161tHJUllll 1j1y11K1U1ii 5ecce 'Ill 

f;o (}-1' )-= 10 (). i'") + B1J;, (1, t1·); 

h ( ). J'") -= .1, (i. /") + BJ }j (), t'") ; 
( I v) .I 1 (Ai)- t. i6Jo ( A /i) 

B =---------. 
1 t.il'i1(i,1h)-(t v)}i(}-/1), 

A 
1 

- Kop1111 ypa1111e1111l!· 

( 1-v ).11 ().a)-),a.10 (),a) (I -v )J1 ().h)-).bJ0 (Ah) 
----------=----------
),a } 11 (i.u )-( 1-v) >1 (i.a) AM0().bJ-( I -v) }1 (Ml 

3.1ec1, R8C,'.!Cllhl 060JHa•1e111u1: £1, h n11yrpe111111ii 

II lll!CWHl1ii pa,u1yc1,1 ,'lllCKa; £, V. /{, p - M0JIYJlb IO11ra. 

KO 1cpcjn11111e11T nyacco,rn. JlltHeiillhlli K01(jl!jlllllltellT Tep\111-

lJCCK0l"O pac1rn1pc111ut II llJl0TII0CTb ypa11-Mo,1116,11e11011oro 

c11m:rna, C00TJlet CTBeHH0. 

Cl>y11Ktittll fp1111a 1i0 ( ,=, r) 11 pacotaT)11rnaeMoM uecb 

c,1y•rne 011re.1e,1l!eTcll BbtpalKeH1te\t 

"o (,.,) a [( c;, + a,, I t ( G,L/ + G,Ll )oi(A ;') l + 

= yJ 
T L - {; I ( ), J /' )( I - cos (ll /) . 

/ l (l) I 

(8) 

Rem1t.Jtmb1 P0• P, s y p aauemrnx (9) TaJOKe l!BllillOTCll, 

R CB0t!M rom:, napu1taJ1bHblMl1 K0 :>cpcjm uue HTaMl1 pea.KTHB­

H0CTII 

YpairneH11ll (I). (3 ). ( 4). (8), (9) Janporp aMMupo s a ttbI 

11 paCC'IIITaHbl 11apa:U1t:Jlbl!0 C paclJeTaMH no T!)ll,!{IIUH0H­

IIOM)' MCTOJlY (2). n ony'lt:H0 npaKTll lJCCKII T0'lH0e c osna­

)J.CHIIC xapanep11CT1IK ,'.\HHU!\IIIKH M0AeJlhH0IO Al1P, p ac­

Cl(H IaHHbl X 110 .URYM MeT0,!laM. 3aBIICIIMOCTb OT spe Me HH 

M0lllllOCTII 11(1) 11 peaKTIIBJI0CTll r(f) AHP B IIMIIYJibca x c o 

JHa'!eHHl!Mll ro(/)=7,780· 10 3 
H 8,4 17· ]0 3

, C00TBeTCT­

BYI0UIIIMII q(f) ( T :cc IO MC) 3 H 7 M~:x<. n oKa.JaHbI Ha pH­

cyttKe. 

0 OOE•OO S OOE.•04 1 OOE--03 1 50E-03 

a 
I, C 

rUl 
9 OOE-03 

t-----...2 

6 OOE-03 

300E·03 --

OOOf•OO+----~--~---~....,._--~-- -~ 
000 •00 t.OOE 4 • JOE--04 800E-04 1 ooe-03 

C11cn:\1a ) pa1111e1111ii ,11111a,111K11 Al IP (6) np11 )TOM ~ooE o, 

11pe0Gpa1)c101 K 

d11 

dt 

cl( I 

dt 
I 2, . .,I,, 

P - Po ( t) t- Pi,11 ( r) +- '>~ P/J; ( t): 
I I 

d2
Q1 ~ d11 

--+(I)() (r)-=-
i//2 I-I di 

11 ( 0) C( 0) - 0. QI ( 0) (_}: ( ()) () 

(9) 
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6 I, C 

l\1om11ocTh 11(1) 11 pcaKrns11ocTb f'(I) Mo.1c.%11oro Al IP, 
pacc111nalllfhlC Tpa.lJJUIIOHHbf\l \l<!T0,10\1 (a). 

C IICII0.1b30BilHIIC~I aHa~IITIJllCCKII no.ny<1eHHOii QJYHKllllll 

fp1111a(6): I p0-7.780·10\2 p0=R,417·10 3 

Crrncoi-: mtTepaTypbl 
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OUEHKA XAPAKTEPJ1CTl1K EACCE.HHOBoro HMilYJlbCHoro PEAKTOPA 

M.A. BOHHOB 

<l>rYn "P<l>5lll-BHI1H3<l>", 607 I 88, r. Capoe Hu)l{eropo.ucKoH o6n. 

B ucm,x COBCpWCHCTBOBaHH.11 6aJl,J peaKTopoB P<l>51L.J.-BHHJ,J3<1> BblITOnHCHa OUCHKa xapaKTCpllCTlfK 6accettHOBOro peaKTopa. 
cnoco6Horo pa6oTaTb B IIMnynbCHOM II CTanr'leCKOM pelKl1M3X. TonnHBOM peaKTopa llMJICTCll cnpeCCOB3HH3ll rOMOrCHHall CMeCb .ney­
OKHCH ypatta 11 rpacjmrn, .nonycKat0wa,i paJorpee .no - I 000 °C. O6oraweHHC Tonn11aa 20 % no 235U. 

CHARACTERISTICS ESTIMATION OF THE POOL-TYPE PULSING REACTOR / M. A. VOINOV // With the purpose 
of RFNC-VNIIEF reactors base perfection the charactcris11cs estimation of pool-type reactor, capable to work m pulsing and static re­
gunes is executed. the reactor fuel is the pressed homogeneous mixture of uranium dioxide and graphite, admiting heating up to - 1000 °C. 
the fuel 20 % enrichment up to mu. 

Bne.nem,e 

J1~mynbCHbte JI.UCpHble peairropbl JIBnlllOTCJI MOlUHblM 

HHCTpyMeHTOM, ltCITOJlb3YCMblM .llnll HCCJ1C.ll083HHi1 11oee­

.UCHl1JI p33Jlll'iHblX M3TCpHaJJ0B, 0T.UCJlbHblX yJJJOB H O0beK­

T0B 8 YCJIOBIUIX 803).leikTBHJI HOHl13HPYIOlUCIO lt3JIY,-leHl1JI 

[I]. Ba>KHblM acneKT0M IT0BblWCHJUI 6e30IT3CHOCTl1 TaKHX 

IICCJIC.ll083HHH JIBnllCTCJI coeepweHCTBOB3HltC )KCnepm,teH­

TaJl bHblX ycTaHOB0K, 8 TOM •rncne H ITYTCM C03t{3HHJI HOBblX 

yc-rpOHCTB, COOTBCTCTBYIOlUHX coepeMeHHblM -rpe6oeam1-

llM. TeH.UCHl.lHJI p338HTHll cnpoca Ha HCIT0Jlb3083HIIC 8 qm­
'lll'ieCKltX HCCJIC.UOB3HllllX ll.llCpHblX peaKTopoe BHMl13<l> 

110K33bl83CT, 'iTO ycTOil'illBblM cnp0COM ITOJlb3YIOTCJI peaK­

T0pHblC ycipoilcrna (Bl1P-2M, EMr P [I]), cnoco6ttbre 

o6ecne'-111Tb 8 HMITYJlbCC .UCJICl-ll1H q>JIIOCHC 6bJCTpbtX 1-!CH­

Tp0H0B Ha ypoe1-1e J 015 
CM l, npu COllyTCTBYIOlUCil .U03e 

r8MM3-lt3J1Y'-IClll1ll HC J\ICHCC I 04 
fp. noJTOMY HOBaJI ycrn­

H0 BK3 ..l0Jl)KH3 H3.llCiKHO o6ecnC'-IHB3Tb .ll3HHbli1 ypoBCHb 

803.UCiiCTBHff. Ecm1 YK333HHblC napaMCTpbl .!lOCTlt>KHMbl BO 

BllyTpCIIHCil n0JIOCTlt 3KTIIBHOH 30Hbl, TO pa3MCp :>Toil 110-

JIOCTII ;.lJlff 06Jty'-leH1tii , 110 coepeMCHllblM 11pCJ.1CTaBJ1e1t11J1M, 

J.IOJl>KCH COCTaBJlfflb !IC MCHCC (30 X 30 X 30) CM
3
. 

Tpe6oeaHttff K .llJIIITCJlbH0CTl1 tt~mynLca l13J1Y'-ICHIUI, 

QlOpMHpyeMoro peaKT0p0M B peiKH~te caMoraweHttJI, KaK 

11paeu110. JIBflJIIOTCll BT0p0CTeneHHblMH. OHII o6bl'-IHO 

y.U0BJlCTB0plllOT 3anp0Cbl 11CCJ1CilOB3TCJICH, ecm1 w11p1111a 

B03JtCi1CTey1owe1 0 HMHYJtbCa mny'-ICHIIJI J1C)Kl1T B .u11ana:m-

11e OT I 00 MKC JtO I 00 MC. Tione3HblM ceoilCTBOM peaKrnpa 

C'-IIITaCTCff TIIKiKC B03M0>KHOCTb I eHep11poeaHHff HCCK0Jlb­

KIIX IIMllYJlbC0B B .neHb 6e3 orpa1ttt'-ICHllJI 8 BCJlll'-IJIHC :>11ep­

l"0BblllCJICHl1JI 8 K3>KII0M Hr.tnyJtbCe. 

Bo3pocno '-IIICJl0 llCCJIC.llOBaTCJlbCKHX npo6neM, 8 K0-

TOpbtX 11eo6xo.nttMO ocywecTBJICHHC crau11011apHblX pe>KH-

29 

MOB pa60Tbl peaKTopa Ha yp0BHJIX M0UJ,HOCTH OT I 00 K!h 
8 Te'-!eHIIC .llCCJITKa '-18COB 11 .uo 1 MBT B TC'-ICHl1e HeCKOJlb­

KHX .llCCJITK0B CCKyH./1.. Tiptt'-leM B pll.ue CnyYaee 11.!lCaJlbHblM 

eap11a11TOM JIBJlffeTCJI B03MOiKHOCTb COBMelUeHJUI CT3Tl1'-IC­

CK0ro peiK11Ma pa60TL1 peaKTopa c 11ocne.nyt01Ul1M reHep11-

poeaH1tCM HMITYJlbCa .neneHllil. 

COBOKYllHOCTb BbJWel13JI0iKCHHblX ipe60B3Hlti1 HCBbl­

nOJlHHMa HII .llnll 0.llHOH ycTaH0BKll 113 cyweCTBYIOJ.Uero 

11apKa peaKTOpoe BHl1113<l>. 

3a.na'-la C03,.'.l3H~UI HOBOfO Jl.llCpH0IO peaKTopa .ll0Jl)KH3 

TalOKe BKn!O'-laTb: 

- IIOBblWCHHC naCCl1BHOi1 6e3onaCHOCTII H0BOro ycT­

pOHCTBa no cpaeHCHIIIO C TaK0BblMll xapain·ept1CTltK3Mtt 

y cyw.ecrnyiow.11x peaKTopoe HJlP<l>; 

- 11Cr10Jlb30BaH11e T0ITJlHBHOro COCTaea C orpa6oTaH­

IIOH TeXHOJl0llteii H3rQTOBJICHIUI H HCITblT3HHOro B ycnoe11-

llX pa60Tbl IIMITYJlbCHblX peaKTopoe; 

- )KCJ13TCJlbHOC tlCH0Jlb3083HIIC ypaHOB0ro T011Jll!B8 

C o6oraweHtteM He BblWC 20 % no lJSU ; 

- CJrn6oe Bbiropa1111e 1om111ea, 11e ipe6y1owee ero 3a­

MCHbl B TC'-ICHIIC cp0Ka CJ!y')K6bl peaK1opa (20-30) JICT. 

AHaJJJl3 nmoe COBpCMCHllbtX pear-.. TOpHblX ycTpoilcTB 

II0K33bl83CT, YT0 eceil C0BOKYIIH0CTll rpe60B3HIIH M0)KCT 

Y.UOBJICTB0ptt t b 6accei1HOBblil peaKTOp "rpa.nttl.lllOHHOfO 

·11111a". A3 KOToporo tta611pae1c» 113 c11ew1ru1LHhJX TB3Jloe 

It pa3MClU3CTCJI e pe3epeyape C 06bJ'-IIIOit eo.uoi1. 

6accen11oeb1e peaKTopLr HBJIJIIOTCJI 11a116onee pacnpo­

cipa11e11HLIM II 6e3onaCHblM Tl1JIOM ycTpoilCTB, ttcnonL3ye­

MblX ).lJlJI IICCJIC.UOB3HHii B o6naCTl1 803.UCiiCTBIUI pam1au11-

0HHOro H3J1Y'-1Cltl1JI. WHpOKO 113BCC1110 CCMCitCTBO 6accei1-

H0BblX peaKTopoe "TRlGA" [I]. YcipoilcTBa no.uo6Hoii 

KOHCll)YKUIUI IIMCIOTCJI 110'-ITII B K3)1(Jl0M KpynHOM YHHBCp­

CIITCTC CWA II e .necJITKax cipaH 11111pa 



OueHKa Hefrrp0HIIO-!pl1311'-JeCJ(JfX xapaKTep11CTIIK pe­

aKropa 11 napaMeT!)OB ero 113JJYYeHHll npOB0,1ll1JlaCb C 11C­

Il0Jlb30BaHJ1eM MO)lern1poBaHJIJI aKTIIBIIOH 30111,l B paMKax 

cyl.l.(ecray101llero so BHI1l13¢ 11porpaMMHOro 11aKeia. 

On11catt11e ycTpoiteTBa 

O6l.l.(1111 BH.U npeanaraeMoro ycT!)olicrna 1neecreH 

(p11c. l ). AKTIIBHaJI 30Ha peaKTopa HaXO.UIITCJI B 6acce11He 

( 06beMOM I 00- 150 M\ Janom1eHHOM 0'-IIIIUeHHOii BO}lOll. 

Bo.ua BbJnOJJHJleT cji)'HKUl111 0T!)alKaTeJUI II JaMeJlJUiTCJUI 

HellTpOHOB, CIIYlKIIT )lJlJI OTBO)la H aKKYMYJ111pOBaHJIJl Bbl­

JteJIJIIQl.l.(eHCJl TeilJJOBO.H 3Hepn111, a TaJOKe, B COBOKYilHOCTH 

co crettaMH 6acceittta, JlBJIJleTcl! ecrecTBeHHOH nperpa,uoi:i 

Ha nyr11 )lOCTyna K BblCOKOaKT11BHblM JtCTaJUIM peaKTopa 

11 611onorn,1ecKoii Jal.l.(11Toi1 or ero 113nyYeHHH. 

AKTHBHaJI JOHa peaHopa, ycrpoikrna 3arpyJK11 rnn­

rnrna, )leTCKTOpbl II 11CIIOJJHHTeJJbHb!e opraHbl CY3 pacno­

naralOTCJI noa BOJ.lOtt (p11c. l ). Cnoii BOJ.lbl HaJl A3 cocrae­

Jll!CT OT 5 JlO 7 M.. Ilp11B0Jtbl MexaHJBMOB peryn11poaamU1, 

3arpy3Kll II TCXHOJlOnt'-leCKOfO 06opyaoeaH1tJl pac11oiiara­

lOTCJI Ha}l JepKaJIOM BO.Ubl. 
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Puc. I. Cxe~,a ycTpoiicrna peaKTopa. I - ycTpoiicrno 1arpy.JK11; 

'.! - 0KHO 3arpY3KII ttaK/TOHH0ro KafJa/Ta; 3 - ~,cxattJl1Mbl ncpc~,c­

WCHllll pery1111pytow11x CTCpltrneii; 4 - KOJJO.UCU uettTpaJJbH0ro 

1rnttana: 5 - tt3KJJ0ttHblii KattM; 6 - Kattan nepeMewettHil Bttewuc­

ro HCiirpo1moro IICT0'lttl!Ka; 7 - JlCTCKTOpbl CIICTCMbl ynpaBJJe­

ttllll; 8 - Mexatt113M 1arpY3Kll TB)JJ; 9 - aKTl!Bttail 30tta pca1,.,opa; 

10 - 0OKOBOii Kattan BblB0lla 113JlyYCHllii; 11 - UCttTpaJJJ,tthlii Ka-

ttaJJ WIii O0JJY'ICHllii; 12 IJ0MC[UCttlle II0Jl peaKTopO~I 
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)].JUI 06r1yYem1J1 o6pa3UOB MOlKeT IICnOJ!b30BaTbCJl cy­

xoii ueHT!)aJJbHbiil Kattan, npoxoJlJllilHil 113 noMel.l.(eHJUJ no.a 

peaKTOJJOM 4epe3 aKTIIBHYIO 30HY H BblXOJ.lJII.J..(11ii Ha no­

aepxH0CTb. O6nyt.teH11e CHapy)KJI aKT11BHOtt 30Hbl MO)KeT 

npOIICXO)lllTb B J.l0fl0JIHJITeJJbllblX cyxwx KCCC0HaX, llilYlilllX 

KaK C noeepx11ocn1 BOl(bl, TaK II co CT0p0Hbl Kopnyca 6ac­

ce11Ha. B1,1xo;:i 1rn1yt.te1111i1 Ja 11penem,1 MeCTa pacnonoJKe­

HJUJ 06ny4ae~10ro o6beKTa npe.uornpawaeTcx HCJJ0JJbJosa­

Hl!eM KaHaJIOB IICKpllBJleHHOll cpopMbl, pa3Jll1l.fHblX 3al.l.(11-

l.l.(310l.l.(IIX w116ep0B, npo6oK H c11eu11aJlbllbIX Jal.l.(Hl.l.(eHHblX 

noMel.l.(ettuft JlJJJI o6nyt.teHHH. 

O6beM 6acceiiHa BHC 30Hbl 06i1y1 1ett11ii MOlKeT IIC­

fl0Jlb30BUTbCJI }lJlJI speMCHH0ro xpaHeHJIJl B nepliO.ll BblCBe­

l.fHBaHl1JI Bb!COKOaKTHBHh!X o6pa3U0B. 

CTaH}lapTHaJI cxeMa BO}lOll0Jtr0TOBKII peaKTopa 6ac­

ceHHOBOro runa M8JJOH MOLUH0CTII np11se}leHa H8 pHC. 2. 
Peanop 11MeeT .ueyxKOHTYJJHYIO cxeMy oXJ1aJKi:temui. l.J,11p­

KYJU1U1JOHHb1ii Hacoc nepeoro KOHrypa 06ec11et.t11eaer npo­

Kat.tKy BO)lbl 6accei1Ha 4epe3 Te1JJI006MCHHIIK. Pa6oYeil 

cpe.uon BTOporo Komypa M0)KCT 6b!Tb m160 B0}la, JJll60 

qipeoH. Tenno 113 BToporo KOHrypa nepe,uaercx 0Kp)"A<alO­

llleii cpeJ.le. Mow11ocr1, ycrattaernrnae~10ro 06opy.uoaaH11J1 

OllpCJleJJJleTCll YJJOBHeM CTaTWieCKOII M0l.l.(HOCTII II J.lJll1-

TeJJbH0CTIJ pa60Tbl Ha Hett. 

B 11epsOM K0HType npe.uycr.t0rpeHb1 neTJUJ cj>IIJibTpa-

1.lllH 11 }leMJ1HCJ)aJ1113aU~Ul B0Jtbl, 8 T8K)Ke nerm1 K0HT!)OJUJ 

Ka'-leCTBa BO}lbl. 
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Puc. 2. Cxc~m B0.ll0noJlr0TOBKJC I - A3; 2 - 6accciftt pea1,.,opa; 

3 - !TCTJlJI K0HTp0J!il Ka<1ecma BO,lbl; 4 nernll !pllJlbTJ)al(lm 11 

JlCMHHCpan113au1111 B0/lbl; s Tennoo6MettHIIK; 6 - X0JJ0JlJilll,ttHK 

AKTlfBUaSI 30113 pea,c-ropa 

TonJJIIBOM peaKTOpa JIBJUJeTCJI Marep11an, aHaJlOl'Hl.f­

Hblil To1urnsy ycrn11osK11 EHrP, cocr0J11il1tH ,n cnpecco­

eaHHOH ro~10reHHofi CMec11 .UBY0KJICIJ ypaHa H rpa(j>HT8. 

XapaK'repllCTIIKH TOflJlltBHOro M8TCJ)ltaJJa M0)KHQ Hai'tnt 

B MOHOrpacjllt11 B. CD. KoJJecoaa [I]: m1ornocTb Marepuana 

COCTaBJti!CT - 2,9 J/cM·
1

; }lJIJI .a11ana30Ha Te~mcpaTyp 110-

pll,!lKa 1000 °C y.ueJJbHaJI 11306apHaJI Te!IJJOCMKOCTb MaTe­

p1taJJa T0JtJIJIBa - 370 ,l.l,iKl(Kr·K); Te~meparyportpOB0,!l­

H0CTb - 0,2· 10-4 M~/ c, a TennonpOBO}lH0CTb, CO0TBCTCTBCH-

110, - 20 BTl (M·K); OTHowem,e '-IHCJia aTOM0B yrnepoaa 

K •mcny 8T0MOB ypaHa COCT8BJUICT 16/ I. 



Cxe~rn K0HCTJ)YKUIIII TelUI0llbJ,UeJUIIOll.(ero )JJe\IeHTa 

ll0Ka3aHa Ha p11c. 3: TB1JJ C0CTallJJeH 113 u11mIH,Upll'IeCKIIX 

T0llJJIIl3HblX 6p11KeTOB BhlCOTOH 5 CM, 1rnp)')lmb!M :maMeT­

p0M 7 CM. Ep11KeTbI 1t\le101 occsoe ornepcn1e n11aMeTp0M 

I cM. O6orall.(e1rne Tonrn1Ra 20 % no 
135U. Ka)l(,uh111 To11-

m1sttbIH 6pHKeT y,uep)l(IIBUeTCH c11eu11aJibHOH 011opoii, pa-

6oTOcnoco6ttoii npII TCMneparypax ~ I 000 °C, 113roros­

J1em1oii, HanpIIMep, 113 MOJ111611eHa. Onopa 11 T0flJIIIBHblC 

6pHKeTbl HOMell.(eHbl 13 O0OJIOlJKY 113 HCp)l<aBe!OLUCH CTaJHI. 

Hapy)l(HbIH 1111aMeTJJ 060;104Kll cocrnsJ1HeT - 8 CM. ToJ1-

w11aa 06011ol!K11 0,2 CM. BHYTJJII 060JTO'JK11 csepxy II CHHJY 

HMCIOTCll rpacjJMTOBbJe BCTaBKli BblCOTOli IO CM, 11rpaiom11e 

pOilb TopueBblX OTJ)UiKaTeJ1eii Heihp0HOB. Cso60JlHblH 

BHy-rpett1111fi 06-bC\I T0llJlliBH0l'O ')JJeMeHTa M0)l(CT 3Ull0Jl­

HllThCll HHepTHb!M ra:ioM, .uasJ1em1e II BHJl K0Toporo onpe­

)lCJUIIOTCll C0B0KynH0CThlO TCllJI0TCXlHl'IeCKHX H HeiiTJ)OH-

110-cjm3114CCKIIX 1pe6osa1I1Iii, npe,UbllBJilleMhlX K TB')Jl. Bhl­

C0Ta CTOJI6a T0llJJHBa 80 CM, ,rncca 8,75 KJ'. TIOJIHUll Macca 

T0IUlllBa s peaKT0pe ~ 630 Kl . 
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P11c. 3. Cxe~m Tonmrnuoro J,1eMeHTa: I eepxHJlii Topue­

eoii rpacjmTOBblii 0Tpa;i,:;nem,: 2 TOITJlllBlll,Jii }lllCK; 3 BblC0KO­

TeMncpaTyptta/1 onopa: 4 ttapy;i,:ua~ 06ono•1Ka 

C.,;e\ta rop1130H IUJlhH0J 0 ce11eHllll aKfIIBHOii 3011b] 110-

KaJatta Ha plH:. 4. OHa C0CTa13JIClla 113 - 72 n:IlJI0BbUlC­

Jllll0lllltX )JJeMt!HT0B, paCII0JJO)l(CJIHblX B KBa;.ipa1ttoii pc­

WCTKC C waroM IO 01. npoc I paHC lll0 \JeiKity TB);] 3a110.1-

HCH0 B0)..tOII. BblCO'la T0IIJJIIBII0l'O ')J[C\ICIIra BMCCIC 

C ropUCBhlMII orpa>Ka1e:Jll\lll I 00 C\I. B UCHTpc 11\ICC I Cl! 

CKBO:rnoii BCplllKaJihllbli'i cyxo11 KallaJJ. Cc4e1111e KaHaJJa 

30 CM X 30 CM. Tonuu111a CTaJlhHOii CTCHKII KaHaJia 0,3 CM. 

MaKCII.\IUJlbfillC paJMCpbl ropllJ0H HlJlhH0ro cel!eHIIJI UK­

TIIBIIOii 301-lbl 90 CM X 9() C~I. 
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Puc. 4. CXC.\ta rop1110ITTaJlbHOf0 CC'-ICHll/1 31'.TIIBHOii 3011bl: ] -

O,'lllH 1n neyx mmym,CHblX CTCp;i,:ucii; 2 - TeITJI0BblllCJlJIIOllll1H 

')JJC\ICHT (72 WT.): 3 rpynna CTCp,Klleii aBapHt!HOH 1am11Tbl 

(2 x 4 UIT. ): 4 sona; 5 - UCHTJ)aJlbHhlii Kattaq llJJJI 06J1)"{eH11u; 

6 - perym1pyiom1u1 CTCp)l(eJlb (2 X 1 WT.); 7 - KOMIICHCHPYIOlllllH 

CTep)l(CHb (2 X 2 WT.) 

Y 11paBJ1Clllfe pea1,.7·opoM M0JKeT ocyweCTBJlllThCll Ja 

c•IeT BhlB0Jla 113 aKTIIBHOII 30Hbl nornowa!Oll.(IIX CTCp)KHe!I, 

C0)lCpJKaw11x TeTJ)aKap611,a 6opa 84C, o6oraLUCHHblii 1130-

TOfl0M 
108. ,lluaMerp CTCplKHei'i 3,6 CM, ,uJIHHa I 00 CM, 

IIJI0TH0Clh Kap611,ua 6opa ~ 1,5 r /cM
3
. ,llJlll ycJJ0BII ii pac110-

Jl0)l{e1JJIJI c rep;i,;11cii nornomettllll s Y3nax peweTKII MC,KJlY 

11epBbl\f H BT0pblM PllJlO'I.I TB'.)Jl (p11c. 4) o6mee '-lliCJI0 

CTCp)l(tteii C0CTaBIIT 16 WTyK, a cyM Map Hall )q)q)eKTIIBHOCTh 

- 15~,.~-
C1ep)l(llll M0ryT 6bJTb 06bCJl[IJleHbl B rpynr1h1: 

- ll\lllYJJhC!laJI rpyn11a - 2 CTCp)l(Hll C o6weii )<p<peK­

TIIB!I0CThlO 1.8~,.~; 
- ,'],Be rpyrmhl CTCp)l(tteii asap1111HOH Jall.(IITbl - 4 CTep­

iKHll B KUlK)lOii 1py1u1e. 3cj,cpeKTltBHOCTb OJ.IHOii rpynnbl 

3.8~><f,; 
- )lBC rpynnbl CTCplKHeii perym1posa11w1 - I CTep)l(CH.b 

B Ka,K)lOii rpynne. 3cpcj,eKTllBHOCTb O)lllOii rpy11J1b] 0.9~,1)1; 
,.we rpynnbl K0MlleHCIIPYIOlllllX CTep)l(Hefi - 2 CTep­

iKHll B KaiK}lOii q1y1u1e. 3cj,cjieKTHBHOCTb O,UHOii rpynnbl 

J .8~•1•. 
Clle.lyeT on1e1 lllb, ,no Kp1n111i11ocTh no.uo61-1011 aK-

111suoii 30Hbl OTH0CI\TCJlhll0 CJJa6o JaBHCHT OT llaJJll411JI 

,.'l0fl0J[IJIJTe;JhllblX IIJlll 0TcyrCTBl!ll HeCK0JlhKIIX cywccT­

BYIOlllllX s11yrpe11HJIX 'JCJIJ)l)Bbl,UeJJHI0IUIIX JJleMCHT0B 

B6Jll1311 ue1-1rpaJ1bH0l'0 KaHaJJa UKTIIBHOii 30Hbl. B YCJI0BIUIX, 

Korna rameirne 011peJ1em1eTcll npem1ywecrnc1rno JcjicpeK­

T0M JJ.011J1epa. CBUaHHhlM C ysem111ett1ICM TCM11epa1yphl 

tt:u·pcsa T0llJIIJBa, II CJm6o 3UBIICHT OT 113MeHeHJIJI llJJOTH0-

c·1 II \IaTCpmUla A3, B03M0iKH0 C0JJlHHlle ycrnH0BKJI C 113-

MeHJieMOii fCOMCTJ)Heii uem-paJ!hH0ro K8HaJJa II C00TBeTCT­

se11110 11apaMe1paM11 11JJJY4e1mi'i s 1roii 06JrncT11. P a3Mepbl 

uettrpaJlbHOro KUHUJJa B nonepe4H0M Ce'-ICHJHI B 38B11Cl1MO­

CTII OT ueJiei'i JKcnep11MeHrn M0I'Y'f 6bJTb KaK yMeHblUCHbJ, 

TaK II yseJ111'-leHhl, '-ITO np1rne,uer K C0OTBCTCTBYIOIUeMy 



yaem1tteHJU0 11Jll1 yMeHbWeUUJ0 ypOBHll pa.u11au110HHOfO 

BOJ,ueikTBIUI. TiapaMeTpbl HMCTYJibCa .ueneHHH peaKTopa He 

llJMeHl!TCll. O,uHaKo no.uo611oe BOJMO>KHO np11 ycnosmt, 

1.JTO y,11aCTCll no.uo6paTb TaKOe CT0JIO)KeH11e perym1pyiom11x 

CTep>1rneil B A3, 11p11 KOTOpOM nx JqiqieKTHBHOCTb cna6o 

MeHl!eTCll no OTHOWeH1110 K 11JMeHeHl1IO re0Merp1rn aKTl1B­

HOil 30Hh1. 

PeiKHMbl pa6oTbl 

Peam13aum1 11Mnynbc11oro pe)KHMa pa6oTbl peaKTopa 

B0JMO)l(Ha Ja C'leT 60JlbWOH TennoeMKOCTl1 MaCCbl TOnJ111B­

HOfO MaTepHana, a CTau110Hap11oro - 38 C'leT pa3B11TOH CHC­

TeMbl 0XJia)K,UeHtUI. 

BblB0,11 peaKTopa B CTaTH'lJeCKHH pe>KHM pa60Tbl 113 3a­

rnyweHH0f0 cocTollm111 ocywecTBJU1eTc11 nocne.uosaTenb­

HblM nom,eM0M rpynn CTep>KHeH asap11HHOH Ja1UHTbl 

11 CTepiKHett peryn11p0B8HHll. I1MTIYJJbC ocyweCTBJUleTCll 3a 

C'leT 6b!Crporo Bb!BO,Ua 113 A3 rpynnbl HMnyJJbCHblX 

CTep)KHeii B MOMeHT pa60Tbl peaKTopa Ha CTaTJ11.JeCK0M 

ypOBHe M01UH0CTII. 

Ecm1 .uonyCTl1Tb pa3orpeB T0ilJJHBH0fO MaTep11ana B 

lll>lllYJJbCe .uenemttt .uo BeJJH'lJIIHbl I 000-1200 °C, TO 6e3 

y<1eTa nepe.uaYH Tenna eo.ue OT TB'JJt JHeproab1,ue11e1111e 

B 11MnyJlbce MOiKeT .uocrnraTb 200-250 M,ll>K. 

Ter.meparypa B 1350 °C yKaJb1BaeTc11 [I] KaK 11pe­

nenbtta11 .UJlll .uaHH0fO Bll,lla T0ilJIBBa. OrpaHH'leH11e CBl!Ja­

H0 C HHTeHCHqll{l(8UHeH peaKUHH BOCCTaH0BJJeHtUI .UBY0KH­

Cli ypaHa yrnep0llOM npH BblCOKHX TeMneparypax II HaKan­

JIHBaHHeM yrneKHCJJOr0 raJa B nopax TOilJJltsa. 

Ko11crpyKUHll peaKTopa TaKOBa, '!TO OCH0BHhlM Mexa­

HHJMOM rawelliUI peaKUllli .D.eJ!eHHH B HMllYJJbCe llBJUleTCll 

.uonnep0BCKOe yBeJ111'1eH11e JaXBaTa HeHrpOHOB ll.D.paMII 

lJMu, Bbl3BaH!IOe pOCTOM TeMneparypbl TOilJJHBa. no oueu­

KaM, }1,Jlll peamnau1111 11Ml1YJihC8 C JHeproBbl,lleJJe1111eM 

250 MLl)K Heo6xo1111M nepexo.D. Bh!We KpMTH'!ecKoro co­

CTOllHIUI Ha MfH0BeHHblX HeilrpoHaX Ha BeJJH'IHHY - 113...p 
(KOMl1eHC1tpyeMblH pa:30rpeBOM T0flJmBa Ha 500 °C B npo­

uecce qiopM11posaH1tll llMCTYJJbCa). 3cpcpeKTHBHal! .UOJJll 3a­

llaJ.IlhlBa10m11x HeilrpOIIOB (13l<j>) npHHllMaeTCll paBHOH 0,007. 
Peah.'TOp IIMeeT pac,1eTH0e BpeMJI >Kl131111 HeillpOHOB 

- 6-10-5 
C, [IQJT0My .IlJUI yKaJ8HHOfO BbJWe nepexo.D.a Ha 

0CHOB8HJIII IIJBeCTHblX COOTHOWeHHii Kp11soii "o6paTHblX 

YaCOB" 1>l0)KH0 flOJIY'IHTh, '!TO nep110.u HapaCTaHllll M0IUHO­

CTH B IIMCTYJibCe COCTaBIIT - IO MC . .[lmrreJlbHOCTb 11Ml1Yilb­

ca ,/.lCJleHUII Ha IIOJJ0BIIHC BblCOibl, K01opaJ1 B 111,,myJJhCHblX 

peaKTopax, KaK npas11no, B ~ 3,5 paJa npesb1wae1 11ep110.D. 

[I], COCT8BJ1T .D.n.!I )l8IIH0IO ycrpoiicrna 30-40 MC. 

nnomaD.b noBepXH0CTH TeflJIOBbl.lleJteHIIJI O.D.HOro TOll­

JIHBHOro JJICMeHTa COCTaBJJllCT 2111 CM
2
. O6ma11 IIJ101Ua}lb 

II0BepXHOCTII TeTIJlOBbl.D.CJleHIUI B peanope - OK0JIO l ,5 x 

x 105 
c~?. I1pe.ano11araeTc11, 'IT0 peaK1op oxnaiK.D.aeTc11 3a 

c•H!"I CCTCCTBCHIIOit KOHBeKUllli BO.Ubl. np1-1 0btcrpoil nepe­

JlU'le BO.I.le TenJJa, Janace11Horo n TBJJI 11p11 reHepHpoeaH1111 

IIMllYJlbCa .ue11eH11il, 803MO>KIIO 0b!Crpoe o6pa30B8HIIC 

6oJJbWOIO K0Jlll'!eCTBa 11apa. JTO M0)1(C1 6h1Tb npe)l0TBpa­

U{eH0 Ja c,1eT JaT11r11Ba111111 BO speMCHH npoueccos nepe.ua­

•rn TCHJJa. 

CpaBHIITCJJbH0 60JlbWOH .D.HaMerp TBJJJ l1 TCnJJOq>l13H­

'!eCKHe xapaKTepliCTHKll T0ITJJHBa npHBO.D.llT K TOMY, '!TO 

npouecc OTBO.D.a TCflJJa OT TOilJJHBa B BO.D.Y nocne 11MITYilbCa 

paCTllrJIBaeTCll BO BpeMeHH Ha COTHJi CCKYHJJ.. 
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Ha p11c. 5 TIOKaJaH rpacpl{I( peweHHJI Ja.D.3'111 0CTbJBa­

!Ulll 6eCKOHe'IHO )lJJHHl!Of0 CTep>KHJI. <l>l13J11•1eCK.11e xapaK­

TCpHCTHK.11 MaTep11ana crep>KHll 11 ero pa.D.11yc np11HHMaJI11Cb 

JKBIIBaJICHTHblMl1 napaMerpaM 11CCTOJlb3yeMoro Tonm1Ba. 

Crep>Kefil 6brn npe.ueap11TeJlbHO paBHOMepHo HarpeT. Ha­

'111HaJI c 11ynesoro MOMCHTa epeMeHH, TeMneparypa ero 

6oKOBOH ITOBepXHOCTH fiO.D..!lep)KUBaeTCll paBHOH 0 °C [2]. 
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P1-1c. 5. lb,1eHCHHC OTHOCHTCJlbHOH Te~meparypbl TB)Jl 

np11 ero OCTbJBaHHH Ha pa.anyce I CM 

350 

3aTl!fl1BaHHe BO BpeMeHH c6poca TCIUJa OT TB)Jl 

s BO.D.Y, s npouecce ilMilyJlhca .D.eJJeIDu:i, cH11>Kaer rennoeoii no­

TOK, nepe.ilaBaCMhlll renn0Hoc1rreruo, .il0 ypoBHJI - IO BTlcM
2
. 

CooTBCTCTBeHHO, CHHIK8IOTC» CKOp0CTb napoo6pa'30BaHILll 

u KOJJH'!ecTBO napa. KoHcrpyKUl1JI peaKTopa ACPR [3], 
110.uo611oro paccMarpusaeMoMy ycrpoikrny, HO c Tonnu­

BOM .D.pyroro cocrnsa, o6ecne'!HJia ero .D.onroneTHIOIO pa-

60TOcnoco6HOCTb np11 rettepHpoaamm mmynbCOB JlJLII 

3HU'leHHi1 TenJJOB0f0 llOTOKa, nepe}laBaer.10ro BO.D.C 3a C'leT 

ecTCCTBCIIH0tt KOHBeKU1111, Ha ypoBHe - 14,8 BTICM
2

. O6pa­

JYIOIUCCCll He3H8'111TCJlbHOe K0Jll1'leCTBO napa MO>KeT 6b!Tb 

CK0H,llCJICHpOBaHO e cnoe B0.D.bl Ha.D. A3. Bpel>UI OXJia)l(JlCIIIIJI 

peaKTopa nocne HMCTYJJbCa .D.eJICHHH He npeBblCl1T 0,5-1 'I. 

B CTaTH'teCKOM pe>!OiMC pa60Tbl B no.uo6HblX ycrpott­

crnax [3] Te!IJJOO0MeH 3a CYeT CB060.UHOII KOHBCKUllll BO.Ubl 

o6bJ'IHO 06ecne'l11BaeT 0TB0.l.l TCHJJOBOro nOT0Ka Ha ypoBHC 

1-3 BTICM~. ,llonrospeMCHHUll CTaU.IIOHapHall MOIUHOCTb 

yc1 pOHCTBa, eCJJII OHa onpe.D.CJillCTCll 113 JTHX Teru10TeXHH­

YCCKIIX orpaHIIYCHllfl II c y'leTOM o6LUeil II0BepXHOCTII TCl1-

JI006MeHa, MO)l(eT ).I0CTHraTb ypOBHJI 150-450 KBT. 

TiapaMeTpbl H3JJr1e1mH 

OcHOBHble xapaKTep11CT11KII 113JJYYeHHi1 npe.D.JtaraeMO­

ro peaKT0pa, B JaBIICHMOCTll OT pe)KJ1Ma pa60Tbl, np11Be).le­

Hhl B Ta6m1ue. napaMerpbl H3JJY'ICHHi1 paCC'IHTaHbl .llJlJI 

ccpep11'1eCKoro JJ.CTeKTOpa 113 'IIICT0ro KpeMHHll pa).111ycoM 

I CM, pacnOJJ0>KeHHOfO B reoMeTpll'ICCK0M uettrpe Kattana 

.UJUI O0JJy<ICHllll. 3anaJ,Ub1Ba101Uee raMMU-IIJJiytteHHe npo­

.ilYKT0B JlC/lCHllll B paC'ICTax He Y'll1TbJBaJIOCb. CTaTit'!eCKaJI 

MOIUH0Clb npHHHMaJiaCb pasHOH 300 KBT. 



Ta6nitua 

Xapa1,..ep11cT11K11 HJJJj"leHHH peaKTOpa 

l111,mynbCHh1ii 
CTauHoHapHbiii 

ITapaMeTp pelKHM 
c ca~10raweu11eM 

pelKIIM 

,lJ,mnenbHOCTb npo-
uecca 

40 MC 20 '13COB 

MowttocTb, BT 6-109 3-105 

3ueprosbl11eneH11e, 
250 2· !04 

M)lJK 

<l>moeHC HeihpoHOB 2· 1015 2· 1017 

B nonOCTH, l/c!\t2 (1· 1015 ;.UU! (1·10 17 IlJUI 
£ .. >0,1 M:iB) £,>0,1 M:>B) 

ITOTOK HeiiTpOHOB 5-1016 2· 1012 

B nonocn1, l/cM2c (2-10 16 
}ID!! (1·10 12 .IID!I 

£.> 0,1 M:>B) £.> 0,1 MJB) 

)lo3a raMMa-H3nyqe-
mm B nonocrw, 1-104 4.)06 

ro (Si) 
MOLUHOCTb .1103bl 
raMM3-H3nytteHH!I 2.5-105 6-101 

B nonocm, role (Si) 

Ouemca pecypca 

PeJyJlhTaTbl TIOKaJbIBalOT, '-!TO .naHHOe yc-rpoHCTBO 
MO)l(eT y.noenernopHTb -rpe60B8HJUIM, npe}lbHBJleHHblM 
K peaKTopy np11 nocrnHoeKe 3a_naY.11. OrpaHHY11ea101llHM 
ycnoe11eM 11.BJUleTCH TO, '!TO '-!aCTOTa, ,UJ111TeJlbHOCTb H 
ypoBHll MOlllHOCTl1 npH 11CTIOJlb30BaHHl1 peaKTOpa B CTaTl1-
'-leCK11X pe)l(l1Max pa60Tbl .!l0Jl)l(Hbl y,uoanernop.!!Tb Hel13-
eeCTHblM B .naHHbJH MOMeHT KpHTep11.11111, onpe.neJU1I01lll1M 
BOJMO)l(HOCTb LlJll1TeJ1bHOro 11CTIOJlhJOBaHl1.!I TOnm1ea 6eJ 
ero JaMeHbJ. TI0J1Hoe :meproewneneHHe e peaKTope El1f'P 

Ha cero,uHJiwttrrii .netth cocTaen11.eT - 3 -1 as M)],)I(. TI pu 
np11MepHO paBHOM eece TOTIJUIBa B El1r p 11 B pacc11,rn-rpH­
eaeMOM yc-rpoHCTBe, MO)l(HO O)l(llllaTb, '-!TO peaKTop cnoco-
6eH o6ecneYHTb rettep11poeatt11e nop11.nKa I 000 11MnynbC0B 
HJ111 npoae,ueIrne OKOJlO 50 cep11ii 20-'-laCOBblX o6nyYeHHW 
Ha MOlllH0CTH I 00 KET. 

3aKJIIOtteune 

B uen11.x coeepweHCTBOBaHl1.!I 6aJhl peaKTOp0B l15IP<t> 
B COOTBeTCTBlll1 C B03Ht1Ka10J.JUlMl1 no-rpe6HOCT.!IMl1 II no­
BbtWeHH..11 6e3onacHOCTl1 npOB0.!lHMhlX C HHMJI pa6oT, npo­
ee.netta oueHKa B03MO)l(HOH KOHC"fPYKU11H Ii xapaKTep11CT11K 
6acceii.ttoaoro peaKTopa, cnoco6ttoro pa6oTaTh e 11M­
nyJ1hCH0M 11 CTaTl1'-!eCKOM pe)l(J,!Me. 

Eaccei-iHOBbie peaKTOpbl Ha o6hl'IHOH eo,ue .!IBJUIIOTC.11 
tta116onee pacnpoc-rpatteHHhJM H 6eJonacHhlM THTIOM ycT­
pottCTB, 11CTl0Jlh3yeMbJX .UJ1.!I 11ccne,uoeaHl1H B 06nacT11 B03-
.nei-iCTBl1.!I pa,u11au110HHOro 113Jlj"leHl1.!I. TonnHBOM paccMaT­
p,rnaeMoro peaKTopa .!IBJUleTC.11 MaTep11an, COCTO.!lllll1H H3 
cnpeccoeaHttoi-i roMorettHOH cMec11 .neyoK11c11 ypatta 
11 rpacp1na, paJorpeeaeMhlH .no TeMneparyp - I 000 °C. 
O6orallleHHe Tonn11aa 20 % no 235U. Tip11 0611.\eM o6beMe 
8KTHBHOH 30Hbl OK0JlO 0,8 l\,i3 peaKTOp HMeeT CKBOJHOH ueH­
TJ)aJibHhlH KaHaJI .!lJUI o6ny'-leH11.H ce'-!eHHeM (30 X 30) CM2

• 

B 11Mnynbcax c :meproBbl)leJ1eH11eM 250 M)],)I( q>nlOeHC 
6hICTJ)blX ttei-i-rpOHOB e ueHTJ)aJlbHOM Kattane MO)l(eT ,UOCTH­
raTb ypOBHJI ) 01s CM-2 np11 COTIYTCTBYIOllleH ,UOJe raMMa-
113JlY,-IeHl1.!I He Mettee I 04 fp. )],n11TeJ1hHOCTb 11Mnynbca ,ue­

nett1111 COCTaBl1T OKOJl0 40 MC. 
BoJMO)l(Ha TaK)l(e crnT11'-!ecKa.11 pa6orn peaKTopa Ha 

MOlllHOCTl1 He Mettee I 00 KBT B Te'-lettue .nec.!ITKOB '-18COB. 
MO)l(HO 0)1(11.!laTh, 'ITO pecypc peaKTOpa COCTaBHT He 

Mettee I 000 HMnynhCOB HJ1J,I OKOJlO 50 cep1rn 20-'-!aCOBblX 
06nj"lett1111 Ha MOll.lHOCT11 I 00 KET. 
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TeMarnYecKow q>H311KH. - M.: HayKa, 1972. 
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3KCTIEPHMEHTbl B Il0.1E PACCERHHhlX HEI1TPOHOB 
3A lill0Jl0rl-Jl-lECKO.ft 3Al.lJ.l1TOH PEAKTOPA liHP-2i\1 

A. l\1. ,[1,10.uHen, B. A. Ilonon, 11. 3. C116raTyJ1m111 

(J)fYTI "P(J)JJU-BHH3(J)", 607 I 8~. 1. CapoB HmKe1 opoircKoii o6n 

B1,mon1tc11&1 :>1<cncp1NeHTbl tta HciiTpottax 3a 61101om•1ec1<01i JJIUHToil pemaopa El IP-2M TT01<aJa110, •1rn no.ijc 11cirrpo11on ·1a 
611onorw1ec1.:oii Ja!llHTOll KOppcmrpycT C COCTOllHIICM pcaKTopa If fl(YJBOJllleT :1OCTOBCpHO MOHl!TOpllpOBaTb MOIUHOCTl, no.:u,p11Tlt'leci,;u­
ro no MrHOBeHHbl\l ttefrrpottaM pcaKTOpa If. Kai( CJle;'lCTBlle, onpc,1C.1llT1, cro pcaKTllBHOCll,, 

EXPERI!\tENTS IN THE FIELD OF SCATTERED '\IEVTRONS BEHIND TIIE BIOLOGICAL SIITELD~G OF 
REACTOR EliP-21\1 / A. l\l. DJUDJAE\', V. A. POPO\', I Z. SIBGATULLIN // The cxpcnmcnts on neutrons bchm<l the biologi­
cal shielding of reactor 611P-2M arc executed. ll is shown, that the field of ncutrnn, behm<l the b1olog1cal sh1ddmg correlates wllh the 
reactor's condition an<l allows to monitor the power of the undcrcnt1cal on the promt neutrons reactor authentically and thus to define its 
n:act i \'i ry. 

TI pH pa60TC peaKTopa Ha M0lUII0Clll •iac lb 11eii I p01108 

.nene1111Jl npo1u11rneT 1a 61-10.1orw1ecKy10 3UlUIITY- 3To cnJl-

3a110 C HaJlll"IIICM lUCJJeii 13 0110,lOl lfllCCKOli :JUlllllll:, K K0-

T0pblM 0TH0CJlTCJl K0:l,IIIMa1opL1, KilUC!lbHblC II HCHlll.lHUll-

0HHhlC llp0X0.LLKII, HCIIJIOI H0CTII 11pw1e1 aHIUI 0TKilTHblX 

JlBepeii It npo60K K C ICHaM pcaKTOprlOro 110:-1\'.lUCIIJIH 

II T. n. Tio3TOMY B CMClKHblX C peaK1opHb1:-1 3aJJOM no:,1e­

tUeHIIHX B03Hl!KaeT ll0JJe paCCCJlllllblX 3a:,1e;v1e11HblX 11cil­

lp0H0B BpeMJl np0llllKH0BCHIHI ueihpOH013 3a 6110JIOril'lt'­

CKy10 JaUUITY coc1aBJU1e1 - IO l c. 1,lK KUK xapal\aepHble 

pa3MCpbt 1anoa llCCJICJl0BaTC/lbCKIIX pcal\'T0p0B - IO M, 

a CK0p0CTb Tenn0BblX 11eiiTpo1-1on - 2200 Mic. JTO 0'3Ha'la­

e1, 'HO IIHleHCllBH0CTI> II0JUI pacceHHHhl\ Heii1pOHOB 11p11 

C0C10JIHIUIX pcal\a0pa JII0KC KpllTll'III0CTII 110 Ml"II0l3CHHhl\1 

HeiiTJ)OHU\I Gy..:i.e-i npo11opu11011a.i11,Ha \IOU(II0C111 peaKl opa. 

410 110380JUICT onpe,.:J.CJIJlTh peaKTIIBII0CTb pcaKTopa. 

Ila p11c. J CXC\!alll'IIIO II0K,ua11a I C0\IClpllJI npone11e­

Hl1Jl ')KC11Cp11MCIIT0B. }],, TCKT0p 11ciiTpo110B Ha 0CII0BC 11po­

uopu11ouam,1101·0 C'iC 1<111Ka Cl IM-15 (;1rnrna 1.•1e, ,111Ka 

2000 !\1\1, .LlllUMCTp 150 \IM. pa6o•raR cpe;w :.vrn II0l'Jl0lUC­

IHHI TCIUI013blX 11efr1po110B - I ,U UF i) p,U\ICU(a.!ICJl B CMc;,.­

HblX c peaKropllbl:>I 'J,UI0M ll0MClUCltllJlX a ll0JIILlllJl\ '· 2 11 3. 
B xo.:.ie 11ccJ1c.uoBa1111i1 a11a 111mpoBaJ1ac1,: 

- pa601a peaK ropa 11a ll0C IOJlHIIOii M0lUH0C 111: 

pa601a peaKH)pa Ha dCIIMllrnllt'IeCKIIX 11ep110, 1ax 

pa:ff0l!a M0IJ(II0Cnt, 

- pa6orn peaKiopa B ncpcxo,w1,1, pCiKll\tax np11 61,1-

c1po:,1 )-MeHblllCHIIII pcaKlll81-I0C I II !a C'ICT "cGpoca" oprn-

11013 pery,111poBaH11Jl peaK1111J11oc111 {OPPI. 
ncpexo,1111,11.~ npouecc1,1, ecjH>p~111poBa11u1,1e B pe;i.;11\\c 

"c6poca" OPP, atta111311poBaJ111ch B 11p116m1;i.;e111111 pase11-

CTBa HYJJIO 1cpq1eKfllBIIOl'O IICT0'illllKa 11eii 1))01108 S = o. rah: 

KaK perllCTJ)llpyeMaH B TC'ieime Jh:Ct1Cpll\fClfl a ~I0lUH0Cl h 
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P11c. 1 rcoMCTpllH ·i..:rncpmicma 

peaKropa llbLl<l ..... I 81, II 110 lT0~IY BKJia;J.0M IIC:rQ'iHIIKU B 

ua. ,aHC 1-1e1il poll0B :l,\O;KII0 0bl.110 11pe11e6pe'tb. 

.[l.!Jl a11,u11ua 11epexo;1t1b!X IIJl0Ut:CCl>B IICII0,lbJOBa:1oc1, 

J)ClUCIIIIC 06pau1e11HOI 0 ) p:.il!IICll!UI KIIIICI IIKII pea Kl op.1 

B 0 ,UIOI0'IC'IIIU\f 11p116 lltiKellHII, rwropoe flJlll )-CJI0IIIIII 

S O ll~ICCI llll,l 

(I) 

t;!C lt'K)'WIIC 11!J1ICll!lll /), 1 0IIJ1C, !CJl}L!JICI, !Ill J)L'K)J)pCII 1-

110~1) l'(llll Hllll!L'lllll{l, coo I BC I l' IB) I0IUe\1) ") l'0'll lu-Jllllleii-

110~1} ouuc .1111110 ll 3MC!ICIIIIJl ~lllll.lll0CTII p~aKropa [ 2 J 



[ 
->-. t:.I 

-ai e ' (2) 

B Bb!pa)l(eHIUIX (I) H (2) II; - ClffHaJI ( CK0p0CTb CtJeTa) 

.ne1eKrnpa tteihpottoB; a;, A, H D,J - OTHOC11TeJ1bHb111 BbI­

xon, n0CTOJlHHaJl pacna.na II I!OpMHpOBaHHblH Ha ~J<j, HC­

TOtJHIIK JanaJ.UbIBaIOIUIIX HefrrpOH0B rpynnhl i; p - peaK­

THBH0CTb PC B emrnuuax ~)<j,; 6.t - HHTepean epeMeHH; 

,rn.ueKC j CO0TBeTCTByeT TeKy!UeMy epeMeHH. 

vb Bbipa)KeHHJl ( [) BHJlH0, tJT0 B K0opn1rnarnx 11j 

11 nj - I Di.j TaHrettc yrna ttaKJJotta pa,m1yc-eeKTopa, 

i 

npoeenettttoro 113 ttatJana Koop,11,1111ar 'iepe3 n106y10 T0'iKY 

.u11arpaMMbl, onpenenJleT peaKTIIBH0CTb peaKTopa B JTOH 

TO'!Ke, a nepex0,!lHbie npouecCbl 0ilHCbIBalOTCJl npllMblMH 

Jll1Hl1JIMH, npoXO,!lHIUIIMH '!epeJ H3.'ia.J!O K00p.!lHHaT. 

ITp11 3HaJlll3e 3Kcnep11MeHTaJlbHblX ).laHHb!X HCil0Jlb30-

Banl1Cb K0HCTaHTb! 3al133llbIB3IOIU11X HeM.TpOHOB npH nene­

HIIH 
235U 6bICTJ)b[M11 HeHTJ)OHaMH B sepc1m )],)I(, Ki-lilHHa [3]. 
Ha pHC. 2 npHeeneHa 33BIICl1M0CTb 113MeHeHHJl 11HTeH­

CHBH0CTII nOJlJl paccellHHb!X HettTp0HOB BO epeMeHH, 3ape­

rHCTJ)HpoeaHH3Jl ).leTeKT0p0M Ha n0311Ulll1 / (cM. p11c. I). 
I1p11 JT0M 6brna pean11JoeaHa cnenyJOIUM nocnenoearenb­

H0CTb pa60Tbl peaKTopa: 

- BblB0,11, peaKTopa Ha aCHMl1TOTl1'ieCKl1tt nepH0,11, pa3-

rotta MOIUH0CTH; 

- pa6orn Ha M0!UHOCTH - I KBr; 

- ysen11'ieH11e !II0[UHOCTH no - 2,5 KBT; 

- pa6orn Ha M0JUH0CTl1 - 2,5 KBr; 

- c6poc 6noKa 5C; 
- c6poc 6110Koe 55 11 MPC '!epe3 4 c nocne c6poca 

6noKa 5C. 

10000 ~--------------------, 

u 1000 

t 
"' u 

t 
0 

8' c 10 

0 500 1000 1500 

BpeMll, c 

Puc. 2. IbMCIICHl!c noKaJattnii JICTeKropa 
B 3ae11CUMOCTrI OT epeMCHII 

2000 

3Ha'ieHJUI M0!UH0CTH peaKTOpa onpen.eJieHbl 110 n0Ka­

JUHl1JlM WTaTHbIX neTeKTopoB peaKT0pa. 

Ha p11c. 3 np1rnene11a IIHTepnperaum1 JKcnep111'teH­

TaJJbHbIX naHHhIX s Koop,uiIHarnx 111 11 11j - ID,.J . )],1U1 

CBH3H c p11c. 2 m1cjJopMau1110, npuse,ueHHYIO Ha pHc. 3, cne­

.uyer pacc111aTpl1BUTb no lJaC0BOII CTpeJJKC OT HaLJaJJa K00p­

JlIIHaT. Y'iaCTOK / ).lIIarpaMMbJ C00TBeTCTByeT Ha'!aJibH0MY 

aCHMl1T0Tl1tJeCKOMY nep11ony pa3f0Ha M0IUHOCTII peaKTOpa, 

a Y4aCTKII 2 H J - 11epexOJ.1HbIM npoueccaM nocne c6poca 
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6110Ka 5C 11 nononHHTeJibH0ro c6poca 6noKos EE 11 MPC, 
C00TBeTCTBeHH0. )],JUI HarJUI.UH0CTH Ha pHCYHKe np,rne.ueHbl 

npHMbie JIIIHl111, K0T0pblMH annpoKCl1Ml1PYIOTCJl nepexo,11,­

Hble npoueCCb!. BH.UHO, '!TO see TJ)II Y4aCTKa, K0TOpble xa­

paKTep11JyI-OTCJl noCTOJIHCTB0M peaKTHBH0CTH peaKTopa, 

xopowo 0ilHCbIBaIOTCJl npHMblMH nl1HIIJIMH np11 IICl10Jlb30-

B3Hl111 0,11,HOTO'ie'!HOH Moneru1 KHHCTJl.1(]1 peaKTopa ( l ). 3TO 

YKaJbJBaeT Ha TO, '!TO pacceHHHOe none HettrpOHOB Ja 6uo­

JlOrH'ieCKOM. J3JUl1TOM. conep)l(IIT ltHcpOpMaUJII-0, no3B0-

JUIIOIUYIO oueHHBaTb peaKTHBH0CTb peaKT0pa. 

1000 

0 

'o 
; 

CJ- -1000 
v,l 7 
I 2,5 l<BT 
,::"' 

-2000 

-3000 
0 2000 4000 6000 

PHC. 3. lluarpaMMa ClffHaJia neTeKTopa B KOOp,IDIH3TaX II; 11 

111 - L D;,J : I - ac11MmoTHtJecK11ii nep1-1on pa3rotta; 2 - c6po-

weH 6noK EC; 3 - c6poweH1,1 6JJOKII EE + MPC 

Ha pHC. 4 npHBe,UeHbJ 6onee no,upo6Hble ll3HHble 06 

113MeHemrn HHTeHCHBH0CTII nollil pacceJIHHblX HeHTp0H0B 

(cjJparMeHT pHC. 2) II paCC'il!TaHHoe no 3TOH HHcjJOpMaUH11 

113MeHeH11e peaKTIIBH0CTH pea11.,opa. PeaKTHBHOCTb onpe­

JlCJIJlJJaCb 113 (I) no TeKy1U11M 3Ha'ieHl1JIM 111 11 I D;,j . 

6000 0.3 

"'CJ -1500 ~2,5 KB1 
0.2 ~ 

cc. 
~ f. ~ CJ 

~ 3000 0.1 2 
= 

8 ~ "' "' ~ 1500 0 " u "' 

0 -0.1 

200 700 1200 

Bpe,1J1. C 

Puc. 4. <l>parMCHT epeMeHHOii ,ZlllarpaMMbl pa60Tbl peai,.,opa 
EI1P-2M 

J,b p11c. 4 Bll,11,H0, '!TO ,UJJJI no,ll,,ll,ep)l(aHHJI IlOCTOJlHHOII 

M0!UH0CTII pea11.,opa Ha CTaUH0llapHblX y'iaCTKax pa60Tbl 

np11xo,u1uIOCb nepeMeLUaTb OPP Jlllil KOJ\meHcauHu Tenno­

soro raweH11J1 peaKT1tBH0CTH. O6IUee JHepr0BbI.UeneHHe 3a 

epeMJI nposeneHHJl JKCnepI!MeHTa C0CTaBHJJ0 - 2M)],>K, tJTO 

C00TBeTCTByeT cpe.nHett TeJ1111eparype pa3orpesa aKTIIBHOfi 

30Hbl - 150 °C. TT03TOMY 11p11 TeJ\triepaTypH0M K03<pcpHU11-

eHTe rawett11J1 peaKTHBH0CTH peaKTopa El1P-2M 
- 2-10-3

~ )(1/K 11a.uo 6b1J10 CK0Mne11c11posaTb - 0,3~,4,. ITpo­

uecc K0M!leHC3UHH Tennoeoro raweHIUI peaKTHBH0CTH Ha-



Ta6n11ua 

3Kcnep11MeHTanhHbie pe3yJJhT8Tbl 

CocTOJ1H11e pca",opa p, ~"" 
.l{eTCKTOD B nOJIILlllll I 

TTcDIIOJl D33f0H3 0,176 
MOWHOCTb - I KBT 
MoutuocTb - 2,5 KBT 
C6powcH 6noK 6C -1,098 
C6poweHbI 6noK11 6C + 66 + MPC - 17,99 

.l{CTCHOD B no111u1m 2 
nep11on pa1rotta 0,183 

.l{CTCKTOO B nOJlllllll! 3 
TTcp11on paJroHa 0.151 
C6powe11b1 6.TJOKII EC + 66 + MPC - 18.85 

rJUI.UHO BH.[leH 11a y"laCTKe pa60Thl peaKTOpa Ha MO!l..lHOCTH 

- 2,5 KBT. 
B Ta6n11ue np11Be.UCHbl OCHOBHbie pe3yJJbTaThl JKcne­

p11MeHTOB, 11poee.ueHHblX B none pacceJIHHbIX HeihpOHOB. 

3TO JKC!1epm,1eHTallbHhie 3Ha'-JeHHJI peaKTl1BHOCTH p 
H illTaTHble 3Ha'-JeHHH peaKTHBHOCTH J_\JIJI .uaHHOH reoMeT­

pm1 peaKTOpa P6l1P, KOJcpq>HUHeHTbl KBa.upaTa KOppeJU1uIm 
R2 np11 attanIne nepeXOJIHblX npoueccoB, aCHMllTOTH'-leCKUe 
CKOpOcTI1 C'-lera neTeKTopa n,c np11 pa6oTe peaKTopa 11a 

nOCTOJIHHOtt MO!l..lHOCTl1 II Jcpq>eKTHBHOCTb neTei,.,opa £. 

l,h ra6m1Ubl B11.LlHO, '-ITO JKCnepHMeHTallbHhJe JHa'!e­
HllJI peaKTHBHOCTII, nony'-leHHbie 113 attanH3a nepeXOJIHb!X 
npoueccoa, 3apernCTp11poaaHHhJX B none pacceJIHHbIX Heii­
TPOHOB, He nponrnope'-laT WTaTHbJM 3Ha'-JeHJ-IJIM peaKTIIB­
HOCTII pea1nopa 5HP-2M, KOTOpb1e 11c11onb3YI-OTCJI npH ero 
JKcnnyaTau1111. 

vb rn6m-tUbl TaK)Ke cnenyeT, '-ITO Jcpq>eKTHBHOCTh )le­

Te1nopa £ He MeHJleTCH Kap.uI1HanbHO npH pa3~1Cll.leHIIJI 

)leTeKTOpa B pa3Hb!X n03HUIUIX Ha p11c. I. JTO roBOpl!T 
0 TOM. '-ITO none pacceJIHHblX Heil"rpOHOB B JTHX noMeme­
HIUIX .LlOCTaTO'-ll-10 OJ_JHOpO,lHO. 

f1pOH3BeneM OUCHKY nnOTHOCTII OOJIJI pacceJIHHbIX 
HeH1"pOHOB 3a 611onorn'-leCKOH 3auurroi1.. 4yBCTBHTCJlb­
HOCTb C'-ICT'-IHKa CHM-I5 K TCllllOBbIM HeH1"pOH8M COCTaB­

JUieT - I 00 OTC'-1./(HicM 2
), IJO)TOMY, HCOOJJhJYll 3Ha'-JeHJlll E 

113 Ta6m!Uhl, 110Jly"1I1M .Ullll ynenbHOii OJIOTHOCTH JIOTOKa 
pacCCJIHHhlX He?i°rpOHOB 3Ha'!eHl!C - 10 2 c- 1-CM-2·BT- 1

• Tipu 

JTOM B peaInopHOM 3311.! yneJJbH3JI nnoTHOCTb rIOTOKa 11eii-
1"pOIIOB, y CTeHbl 6IIOJIOrll'leCKOH 3allJl!Tbl, COCTaBJIJICT 

lo~ I -2 8 I T - C ·CM . T . aKl!M o6pa30M, ljJaKTlt'-leCKII KO)(jJCjm-
UIICHT ocna6ne1111J1 11eii1"pOHOB 6110JIOrH'leCKOH Jall.lll1 bl 

COCTaBJIJICT - ) 06
• 

b11onont'-ICCKaJ1 3a11111rn peaKrnpa 6UP-2M InroTOB­
neua 113 6eTOHa C TOJlll(llHOii CTell OT 2 JIO 3 M. )lru1Ha pe­

JtaKCOUllll Heiirpoaoe B 6ern11e - 11 CM [6]. TioJTOMY .unll 
rtnOTHOII, 6e3 weneii, 6110J!Ont'-ICCKOII 3llll(IITbl THKOtt TOn­
ll(Hllbl .KO)q>cjlllUIICIIT ocna6JJellllJI 11eiirpOHOB COCTclBllT 

- 1010- 1011 ' II, c11e.uoeaICJlbHO, IlaJJH'l!le menei:\ B 6HOJIO­
fll'JCCKOtt 3311(11TC cjiafo.,H'-leCKII II onpe,uenJ!eT ee 3cpcpeKTIIB­
HOCTb no OTHOWCHl1I0 K HeiiTpOHaM. 

TaKHM o6pa30M, npose.ueHHbJC 11ccnenoaa1-111J1 np11ee­
n11 K cne.uyI-Ol.l..\llM pe3yJJhTaTaM: 

Rl 
PbllP• ~><I• llac, C 

- I E, c-1/BT 

0,977 
2060 
5210 -2 

0,993 -1,32 + 0,03 
0,956 - 18.30 + 0,24 

0,908 -0,5 

0.995 - 1,5 
0.945 18.30 + 0,24 

I. none pacceJIHHblX HeM.1"pOHOB 3a 611onorn'-leCKOH 
Jall.lHTOtt KoppemIpyeT C COCTOJIHIICM peaKTopa H 1103BOJIJl­
eT .LlOCTOBepHO MOHl1TOp11poBaTb MOIUHOCTb no.uKp11Tl1'-le­
CKOro no MfHOBeHHhlM Heii1"pOilaM peaKTopa 11, KaK cnen­
CTB!le, onpe.uenJ!Tb ero peaKTl1BHOCTh, '-ITO, H llOJ_JTBep)KJ!e­
HO B npRMOM :>Kcnep11MeHTC. )leTeKTOp HCH1"p0HOB Ha oc­
HOBe c'!eT'IHKa CHM-15 no3eonJ1eT KOH1"pom1posaTb co­
cT0»11I1e peaKTopa Ja ero fo10nOrH'-ICCKOii 3all(HTOH, HOLJII­

HaJI c MOWHOCTH - I BT. 
2. nnoTHOCTb nOTOKa pacceJIHHh!X HCM.1"pOHOB 3a 6110-

norw-1eCKOtt 3all(l1TOH, B CMe)KHbJX C peaKTOpHblM JanOM 
noMell(CHHJIX, npH pa6oTe peaKTopa Ha CT3UHOHapHOM 
MOll(HOCTH, COCTaBnJ!eT - J0-2 C-I ·CM-l · BT. 

3. Han~1'llle wenej:j B fotOJIOnt'-leCKOii 3all(11Te q>aKTil­
'-ICCKH onpe,ueJIJICT ee J<jJcjie.KTHBHOCTb no OTHOWeJHUO 

K tteihpo11aM. 
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BblCOKOTOlfHhlE ITO.JUI HEMTPOHOB HA YCTAHOBKAX r:UP-2, liP-1, liP-Kl 

H. IO. ,Ll,p03,LlOB 

<PrYn "P<P.51U-BHl1113<P", 607188, r. Capoa H11JKeropo,UCKOH o6n. 

B. ,LI.. CesacTbHHOB 

(J)fYTI "BHI111<DTPl1", Mettneneeao, Pocc11J1 

f1pose11c11 aHamn xapa1crcp11CT11K HeihpoH1-1bJX no1iei1 ycTaHOBOK EP-1, fHP-2 11 EP-Kl - TJ)ex .neiiCTsyiouu1x s Pct>.HU,-BHHH3ct> 
HMnyJibCHblX peaKTopos. Pa6oTa BbinOJIHCHa B CBll3H C CO3]laHHCM CHCTeMbl MO]leJ111py10UUIX onopHblX noneii HeiirpOHOB Henocpe11cT­
BCHHO Ha peaKTopax, T. e. noneii, c<jlopM11pOBaHHblX BHYTJ)lf a""TIIBHOH 3OHbl lfJlll 8 pcanopHOM noMememm. 

HIGH PRECISION FIELDS OF NEUTRONS ON THE INSTALLATIONS GIR-2, BR-1, BR-Kl / J. DROZDOV, 
V. D. SEV AST JANOV II The analysis of the neutron fields characteristics of the installations GIR-2, BR-1 and BR-KI - the three 
acting in RFNC-VNIIEF pulsing reactors is canied out. the work is executed in connection with the creation of the neutron modelling 
basic fields directly on reactors, i. e. the fields generated inside the core or in the reactor's room. 

Dp11 npoaeneHIIH uccnenoaaTeJibCK11x pa6oT Ha J11tep­

Ho-qi11311yecK11x ycrnHOBKax (.51¢Y) Heo6xo.llHMbIM TPe60-

aaH11eM JIBJUleTCJI Ha,Ue)f<HOe MCTJ)OJIOrl1YCCKOe o6ecne4e­

HIIC HCHTJ)OHHblX 113MepeHHH. Bo3HHKa!O!lll1e B CBJl311 

C JT11M TPYllHOCTl1, o6ycnoaneHHblC pa:rnoo6pa311eM :mep­

reTHl[eCKHX cnCK'I'pOB HCHTJ)OHOB, Bb!COKl!MII 'I'pC6oaamui­

MH K T04H0CTH 113MepeHl-ill 11 orpaHll4CHHbJM Ha6opOM HCH­

TJ)OHHblX 11CT04HHKOB B COCTaBe roccneu:naJIOHa, ,ueJial-OT 

HeB03MOlKHbJM HCIIOCpencTBeHHYl-0 nepena<ty pa3Mepa 

BOCrtpOl13BOlll1MbJX roccneuJTaJJOHOM CllHHl!U B flOJUI HCH­

TJ)OH0B .51¢Y. Ob!JlO npHHllTO peweH11e O C03llaHHH CHCTe­

Mbl MO.llen11py1-0!ll11X onopHbIX noneii HellTJ)OH0B Heno­

cpe,ucTBCHHO Ha IICCJIC.llOBaTCJlbCKIIX peaKTopax. Monemt­

PYI-OlllCC onopHoe ttei1TpOHHOe none (MOD) COJ.llaeTCll Ha 

cneuHaJibHOH ycrnHOBKe, npe.1lHa3Ha4CHHOII ,!lJIJI peweHHJI 

KOHKpeTHblX Ha)"-IHO-TCXHH4CCKHX Jana4, IIJili qiopMHpyeT­

CJI Ha liCCJIC,llOBaTCJlbCKHX peaKTopax T3KIIM o6pa30M, 'IT0-

6bI ero xapaKTep11crnK11 Hau6oJiee nonHo orne<tanu Tpe60-

aaH11J1M pemaeMblX H8Y'IHO-TCXHll4CCKHX 11po611eM. KoM­

llJICKC MO,llCJ111py1-0!lll1X onopHblX HeihpOHllblX flOJICH upe.u­

CT88Jli!eT co6011 COB0KynHOCTb HCHTJ)OHHblX nondl, ccpop­

M11p0B8HHblX BHyrpll aKTHBHOH 30Hbl (A3) II B peaKT0pHOM 

II0MC!llem111. Ko~rnneKc IIOJICH op11eHT11poaaH Ha IICflOJib-

30B8Hl1C B Ka<teCTBC Mepbl JHepreT114eCK0ro cocrnaa 

II qJJII-OCHCa HCJITJ)OHHOro 113JIY4CHJiJI ,llJIJI: 

- B0CI1p0113BC,llCHl1JI C,llllHl11.1,bl cjJ111oe11ca 11eihpOHOB 

C 113BCCTHblM CIICKTpaJibHblM COCTaBOM; 

- aTieCTaUHII peaKTOpHblX HCHTJ)OHHblX IIOJICII no 

.llllcjJqiepeHUllaJlbHOMY JHeprern<teCK0My cne1'.'TJ)Y H cjJJil-0-

eHcy; 
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- aTICCTaUHH 11 II0BCpKH HeihpoHHOH pa,lll10MeTJ)ll4C­

CKOii, cne"'TpOMe'l'pl14eCKOH 11 ,ll0311MCTJ)ll4CCKO.H armapa­

TYJ)bl; 

- 11CCJIC,ll088HHJI pan11aU,HOHHOro BOJ)lellCTBHJI HCtt­

TJ)OHHOro H3JI)"-leHJU{ Ha o6bCKTbl 11 M8TepHaJibl no HaJHa­

YeHHl-0. 

A rrecryeTCJI KOMllJlCKC MO,UCJlHpyl-O!llliX onopHbIX 

HC.Hll)OHHbIX none11 B pll,llC T04CK, Bb16paHHblX B onpe)le­

JJCHHbIX npOCTJ)aHCTBCHHbIX o6nacrnx. 

8 HaCTOJl!llCM llOKJla,lle npHBC,llCHbl xapaKTep11CT11KII 

HCHTJ)OHHblX none ii rpex .51¢Y, 3Kcnnyarnpy1-0!lll1XCJ1 

a P¢5IU-BHl1l13<P: EP-1, fl1P-2 11 EP-Kl [I, 2). 

PeaKTop EP-1 (6ycTep-peaKTop) c JKcnnyaTHpyeMOII 

B HaCTOSl!llHl-1 MOMCHT A3 BBC,lleH B )Kcnnya-rau111-0 B 1990 r. 

A3 peaKTopa HMCCT cpopMy flOJIOro UHJ1HH,llpa, pa3,lleJleH­

HOro Ha 4CTbipe 43CTH: HCflO,llBHlKHbltt aepXHl1H 6JIOK, 110)1-

811lKHblH HHJKHIIH 6noK, peryrn1py1-011111A 11 11MnynbCHb111 

6JIOKII. Pa3Mepbl A3 no T0flJ111By: BblCOTa 26,6 CM, BHCUJ­

Hllll ,llHaMe-rp 26,8 CM, .llH8MCTJ) OCCBOH nonocnt l 1,6 CM. 

DoJJC3HbIC ,llll8Merp H BblCOTa OCCBOH II0JIOCTH ,llJlll 06ny-

4emU1 o6pa3UOB paBHbl, COOTBeTCTBCHHO, IO 11 18 CM. ToJI­

!llltHa KOJICU A3 no pa,ll11ycy I ,5 CM. KOJibUa H3rOTOBJ1CHbl 

113 CflJlaaa ypa11a 90 %-Horo 06ora!lleH1U1 no 11Jornrry 
235U 

c 9 % Mon116)leHa (conep)l(a1-111e ~10m16)leHa Maccoaoe). 

06!llall Macca cnnaaa ~ 176 Kr. TonmIBHbie JJieMeHTbJ 

aepxHero II Hl1lKHero 6JlOKOB 3aKJll-04CHbl B pro6opHblC 

4eXJlbl 113 HCplKaBCI-O!llCII CTaJIH, 38110JIHCHHhJC ren11eM; 

perym1py1-0UJl!tt II HMIIYJibCHblH 6JJOKII - B HCpa360p11blC 

4CXJlbJ 113 11epJKaBCl-01lleH CTaJJH, 38ll0JlHCHHb!C renHeM. Ha 

aHewHeii noaepxHocT11 A3 11 Ha 11oaepx11ocT11 oceao11 no-

110c-r11 upe,uyCMO'l'peHbJ 38!llHTHblC JKpaHbJ, conep)Ka!llHC 



108. B pa6o4eM 11ono:>KeHHH peai,:rnpa ueHTp A3 pacnona­

rae-rcH Ha BbJCOTe 2,2 M OT nona, CHMMeTpH4HO OTHOCH­

TeJlhHO 6oKOBblX CTeH, B 3,7 M Ol OAHOH 113 TOpueBblX CTeH 

peaKTopttoro Jana, KOTopb1ii npe.ucrnsnHeT co6oi-i 11OMew.e­

HHe Ka.JeMaTHOro nma .l.lJlll!IOII 14,0 M, Wllpl!HOII 10,4 M, 

BblCOTO~i 8,0 M c TOJICTblMII ( 1,5-2,2 M) JaUJ,IITHb!Mll c-re­

Ha~111 HJ 6eTotm. 

PeaKTOp f11P-2 (raMMa-11cTOLJHIIK peaKTOpHb111) BBe­

,ueH 8 JKCnnyaTaUHIO 8 1993 r. PeaKTop npe.UCTaBJJHeT co-

6011 IIMOYJJbCHhlll peaI\IOp Ha 6bJCTpblX Heil-rpoHax co cqie­

pu4eCKOH aKTHBHOII 3OHOfi 113 MeTaHJIIILJeCKOl'O 8b!COKO-

06orame1111oro ypatta, 11entposa1-1ttoro MOJrn6ne1-10M (060-

raw.e1111e ypatta - 90 %, Maccosoe conep:>Katt11e Mom1611e­

Ha - 9 %). nommH Macca ypaH-MOJ1116)lettoaoro crumsa 

B A3 COCTaBJ!HeT 178 Kr. Cqiep114eCKaH aKTllBHaH 3OHa pe­

ai-.,opa COCTOIIT 113 .UBYX 6JJOKOB - Bepx1-1ei-i II 1-flIJKHeii 11O­

Jiyc<jJep, paJ)leJlel!HblX CTaJlbHOii onopHOii .u11aqiparMOII. 

£HOKH A3 JaKJII04et-1b1 s CTaJibHbie repMent4Hbie o6onoLJ­

KII. 8HeWHHe o60JI04KII l!MelOT 06orameHJ1e 110 ~
35U -

36 %. H11:>K1-11111 6noK A3 llO!lBIOKHblii 11 BblllOJLHJieT 4JYHK­

UHII opratta peryrn1poBaH1tH peanl!BHOCTH, a TaK:>Ke q:iyHK­

UIIH aaap11i1Hoii JaLUIITbl. Ott cocTOHT 113 6noKa rpy6oii 

peryn11pOBKl1 peaKTllBHOCTII (5fP) 11 6noKa T04HOII pery­

JillpOBKII peaKTJIBHOCTII (5TP). 5TP JIMeeT 8O3MO:>KHOCTb 

co6c-rneHJIOro nepeMemem111 OTHOCHTeJlbHO EfP II HBJIHeT-

CH BHewHeii o60J10LLJ<Oii HH:>KHero 6noKa. B ueHTpe A3 J.lJlJI 

ueu-rpa.nbHOro KaHana npe!lyCMOTpeHo sepn1KaJ1bHoe oce­

aoe ornepcrne. l.(eHTpaJlhHbllt KaHan JIBJUieTcH uanpas­

nmomeii ilBll:>KeHUH mmynbcHoro 6noKa (Il5), npe!lHU3Ha-

4eHHoro llJIH reuepau1m scnb1WK11 )lenem1ii. B cocrns pe­

aKrnpa BXO,!IIIT cneUHqJ1!4eCKOe ycTpOHCTBO .UJIJI KOHBepc,111 

1-1eii'rpOHOB yTe4KII 8 raMMa-KBaHTbl. MaTep11aJIOM KOHBep­

Tltpy1omero yc-rpoii.crna, 11-y-KOHBepTopa, c11y)K11T cnpec­

coaa1-1Ha.H cMecb nommpomrneHa c OKIICblO Ka,UMIUI (Mac­

conoe COJ1Cp:>KaH11e OKIICJI K811MHJI 6 %). Ka.UMlill - ecTeCT­

BCHHOro 113OTOIIHOl'O cocrnsa. Ko11sepTOp B BH,!le KOJlltaKa 

OKpy;,rneT TOrIJIIIBHbJe 6nOKII A3. [lJUI Bb!BO,!la ttef'rrpOHHOH 

KOMIIOHCHTbl 113Jly<leHIIH 8 HCM upe.uycMOTpCHO " Hei1TpOII­

HOe OKHO" ,!ll!aMeTpOM 300 MM. Peai-.,OpHoe flOMeLUeHJle 

HMeeT pa3Mepbl IO x IO x 8 M. 

PeaKTop £P-K I (6ycTep-peai-."Top "KacKa.u". sap11aHT 1 ), 

ane.ueHHblll s JKCnJiyaTaUIIIO n 1995 r., JIBJlHeTCH IIMllYJlbC­

Hbnl peaKTOpOM c MeTanJm4ec1wi1 AJ. MaTep11M A3 -

cmma 06oraw.em1oro (36 % 110 
2

-
1~U) y paHa c MOJ1116nettOM 

(1-iaccoaaH LIOJIH 9 %). 06ll.(aJI Macca ypaH-MOJrn6nettOBOro 

c11m1Ba B A] - 1511 Kr. fa6apJHHbJC pa3Mepbl A3: ;\Jll!Ha 

7 5 CM, BHeWHIIII LlllaMeTp 62 CM, pa:iMepbl BHYTPeHtteii 

OOJIOCTII '. JUUIHa 36 CM, Bl!CWHIIII LlllaMeTp 30,8 C!l-1. no 

amu1on111 c peaKTopoM 5P- I A3 5P-K 1 HMeCT KOJJbUeBylO 

CTpYKTypy: pa3611Ta Ha .UJJCKII (6nOKII), a .UIICKl1 - 11a KOaK­

CllaJibHb!e KOJlbUa. DJlOKII A3 :saKJIIO'!CHbl 8 repMCTll4Hbie 

4CXJ!b1 113 Hep)KaBetOLUeii CTaJIII, 3a!lOJIHe!IHble rern1e.,1. 

0TJll14!rleJJbHblMII oco6eHHOCTHMII peaKTopa 5P-K I JIBJlH­

IOTC.H !Op113OHTaJlbHaH op11eHT8ll!IJI A3, 410 06ecne11~1BaeT 

y.uo6cmo 3arpy3Kll o6pa'.lUOB 8 ueH rpaJtbHYIO rIOJIOCTb, II 

3Ha411TCJlbHbdi p83Mep nonoc, 11 .UJIH o6nyYellllJI. 

,l],JIJI 3arpy3Kl1 o6pa3UOB BO 1my-rpeHHIOIO IIOJIOCTb A3 

l1CIIOJlb3yeTCJI KOHTCiiHep ropll30HTaJlbHOi1 3a1-py3Kll (Kf3). 

CTeHKII Kf3 BKJ1t0'lat0T B ce6H cJ1011 Kap611.ua 6opa rn11m11-

HOH - O, I 1•cM-2 110 '
0
B J.lllll nornoweHJrn Tennos1,1x 11ei1-

TpOHOB. BHy-rp11 Kf3 Mory-r paJMeLUaTbCH raMMa-cp11nbTp 

113 MeT8Jtnll4eCKOro CBIIHU8 (C<IJ) J!Jlll 11-y-KOl-!Beprnp ,UJIH 

KO1-1BepT11posaH11H Hel!TpOHOB B ra~rna-113n14ett11e (HfK). 

Ha ycrnHOBKc EP-1 KoMru1eKc Mo.uem1pyt0U1HX O11op-

11b1X noneii (MOn-K) arrecTOBbrnancH ,uJIJI cq,ep114ecK11x 

o6nacTei1 .U11UMeTpOM 50 MM 8 8O3llYWHOM npoCTp8HCTBC 

s UCH'rpe A3 11 Ha paCCTOHHIIHX 200, 715, 1013, 1565, 

2215, 3300 11 5500 MM OT uett-rpa A3 peanopa B Hanpaa­

J1eH1111 nponoJ1bHOfi oc11 peai-.,opHoro Jana Ha ypoaHe ueH­

-rpa A3 [3]. 

Ha ycTaHOBKe fvIP-2 KOMllJleKC Monem-1pyt0ll.(l1X 11ei1-

TpOHHblX noneii (MOTT-Kl) arrecTOBb!BaJICH a 4eTb1pex 

TO4Kax cHapy)l(11 A3. ToL1K11 pac110naranucb Ha Bb1co1e 

170 CM OT nona Ha paCCTOHHIIHX 30 u 50 CM OT ueHTp8 A3 

co CTOpOHhl "HeHTpOHHOIO OKHa" H Ha Tex )Ke pacCTOJIHlclHX 

C JlUaMeTpaJJbHO IIpOTHBOrIOJlO)KHOH CTOpOHbl 3a KOHBepTe­

poM [4]. 
Ha ycTaHOBKe EP-K I KOMnneKc Monern1pyt0m11x Heii­

TpOHHbIX no11eii (MOIT-K2) aTTeCTOBbJsancH: 

- B TOL!Ke, OTCTOHU1ei1 Ha 6 CM OT jlHa cao6o.uHoro 

Kr3 (s.uonb ueHTpaJtbHOH rop1110HTaJ1b11oli oc11), paJMe­

meHttoro B UCHTpanbllOM JKcnepllMCHTaJlbHOM KattaJJe 

(U3K) A3 peaKTopa; 

- B TOH )Ke TO4Ke, HO npll pa3Mememm B Kr3 MeTa.n­

JIH4CCKOro CTaKaHa 113 CBHHU8 ("CBHHUOBOro cj,11JlbTpa") 

C TOJILUHHOH CTel!OK 50 MM ; 
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- 8 TOfi :>Ke TOL!Ke, HO IIplt pa3MCLUe!UUl 8 Kf3 11-y-Koll­

BepTopa (HfK), 113roTOBJ1e11Horo 113 c11peccosrurnoi1 cMecu 

IIOJl11JlpOmU1eHa 11 OKliCll Ka)lMl-tJI (MaCCOBaJI ,!!OJIJI IO%). 
CneKTp He11-rpo1-1os a ueH-rpe A3 MCT8JIJ1JJ4ecK11x pe­

aKTopos cjiopM11pyeTCH 11pe11MymecrneHHO HeiiTpOHaMII 

)J,eJleHJLH H HeiiTpOH8MII, pO:>K,.'181OLUliMIICH 8 pe3yJlbTaTC 

Hey11pyrnro 83811MO)J,eHCTBHH HeiiTpOHOB nene111LJ1 C 06pa­

:iyt0ll.(IIMJI AJ aKTIIBHblMII (ypaH) 11 KOIICTpYKU11OHHbl!l-111 

(~!OJll16llell, CTaJ!b) M8Tep11<UJaMH. none HeiiTpOHOB B UeH­

Tpe A3 JKpa1-U1pyeTCJI OT HeilTpOIIOB, pacceruLHblX B 3a­

ll.(l1THblX CTeHaX Jana II Ha paJMell.(eHHOM B HeM TeXHOJlO­

rIJLJeCKOJ\1 06opyL10B811Jlll. CneKTp HettTpOHOB B IIOJIHX BHe 

A3 cpopMHpyeTCH HeiiTpot-1aMH y-re4Kl1 113 AJ 11 pacceHH­

HhlMII HeHTpOHaMII peaKTOp11oro IIOMell.(eHJIH. 8 c11y4ac 

peaKTOpa fl1.P-2 60JlbWYIO ponb 8 cpopM11poBaH!11l cneKTpa 

Hett rpOHOB y-re4Kll 11rpaeT ynpyroe paccei11rne Ha ll,!!pax 

sonopona, BXOJ.lJILUIIX 8 COCl as MaTep11ana KOHBepTepa. 

3HepreTl!4eCKIIH cneKTp HeiiTpOHHOfO 113Jly<!eHIIH 

1:1 TeCTOBblX l O'JK8X onpe,UCJIJIJICJI C np11;1.1eHCH!leM 8KTl!Ba­

UIIOHHblX 11 ,!ICJllrreJ!bHblX )J,eTeK·1opoB no MCTO.U!IKe 

MJ.1 2804-2003 [5, 6], pearu □oaaHHoii B nporpa\t.Me KACKA,Ll,. 

I bMepe1111J1 11ase,ueHHO11 aKTIIBHOCTII a IIH,lUIKaTopax npo­

BO!lllJIJICb Ha JTaJIOHHblX pa,u11OMeTp114CCKJ.IX ycrnHOBK8X 

BHi1l13<1J H 11a paw1OMe-rp11•1ecKOM Km111neKce focy.uap­

CTBe11Horo cneu11UJ!bHOro JTaJIOHa emIHIIU flJlOTHOCTII no­

lOKa II q,rnoe11ca HeiiTpo11os (BHllM<IJTPM). CcL1eH11J1 pe­

aKU1t11. IICIIOJlbJYIOLUJleCH .UJIJI BOCCTaHOBJICHJUI cneKTpa 

HeiiTpOHOB, 83511 bl 113 6116rn10TeK11 oueHeHHblX HllC[lHblX 

iiaHttw, ENDF/B6 [7], rccc,ll, 131-89 [8]. 

A1,.,11saUHOHHhlH IIHTerprut llJIH Bb16pa11HOH peaKU1111 

paCCLIJITb!BaJICJI 113 COOTIIOWeHllH 



< N > At,m,to6,1 / 1••1!1 
nRLtEylly ( I -e -i..1,m, ) ( I -e -},1o6n ) ' 

me <Ji/> - cpeJIHKJI CKOpOCTb C4eTa )leTeKTopa raMMa­

}nny4eHllJI npu ll3MepeHHII aKTl1BHOCTII 06ny,-1eHHOro HH­

..'lltKaTopa; /lR/1 - 'UICJJO JIJiep Bbt6paHHOro HYKJJJl)la a HH-

JlllK8TOpe; Ey - 1cpcpeKTIIBHOCTb per11CTpauIrn ,neTeKTOpa; 

lly - KBaHTOBbltt BblXOLl H3n)"-leHIUI nponyKTa peaKu1111; A -

11OCTOJIHH3JI pacna)la HYKJ1HL1a - npOJIYKTa peaKUHH; loon -

BpeMJI 06ny,-1eHIL!I ILH)lJIKaTopa; 1,m, - speM.11 H3MepeH1-Ul 

3KTl1BHOCTl1 o6ny4eHHOfO HH,1ULK8TOpa; , •• ,,1 - speMJI Bbl­
.nep)KKI1 (spe~IJI OT KOHUa o6ny4eHILJI .no Ha4ana H3MepeHJL!1). 

)lemnenhHblH IIHTerpan ,llJ]JI Bb16pattHOii peaKUH11 on­

pe11enJ1nc11 no cpopMyne 

rne N1 - LIJICllO 3apen1CTpHpOB8HHbIX ah.'TOB nenett11.11; E1-
4yBCTBIITenbHOCTb annapa1ypbl npa perHCTpaumt aKTOB 
.ueneHHJI. 

)ln.ll BOCCTaHOBneHJ1Jl HeiiTpOHHblX cneKTpOB IICTIOllb-
3OBaJl8Cb 3aBl-tCIIMOCTb aKnrnau11OHHOro (neruHeJlbHOro) 
'LHTerpana OT :rneprent4ecKoro xona ce4eHJ1Jl aKTHBau1111 

(.ueJleHIL!I) 11 m1cpcpepeHUJ18JlbHOro cneKTpa HeHTpOHOB 

Q = f qi(E)a(E)dE, 

0 

r.ne qi(£) - n11cpcpepeHu11anbHb1ii cneKTp tteHTpOHos; cr(E) -
)HeprernYecK11i1 xon ce4eHJ,tJ1 aKn1sau11a (.ueneHHJi). 

Pac4eT cneKTpOB HeHTpOHOB npOBOJIHllC.11 no Mern.uy 
MO,UeJlbHblX cneKTpOB. Tip11 TaKOM no.uxone HCKOMblH Hen­
TpOHHblH cneKTp 3a)laeTCJI cyMM011 attanHTH4eCKIIX cpyHK­
UHii, Monem1py10IUHX cpm11YecKoe npe,ncTasneHae o npo­
ueccax ero ¢opM11posaH1tJ1, a BHJle 

M 
f(E) = L H11.f111(E), 

m=l 

rne l7l - nop.11.UKOBblH HOMep MO}leJlbHOro cneKTpa; H,,, -
sec Mo.uenbttoro cneKTpa; _(,,,(£) - MonenbHbIH cneKTp (aHa­
mn11YeCKaJ1 cjlyHKUJU!). 

8 KaLfeCTBe MO.UeJlbHblX cneKTpOB }1CilOJlb3YIOTCJI cne­

.UYIOUIJ1e 81-!aJIIITIILfeCKlte cj>yHKUIIII. 
T11n 1. Pac11pc.ue;1er111e MaKcsenna JaJlaeT cncKTp 

HCl!Tf)OHOB JlCJleH1tJ1: 

. 2 3/2 r.:: ( ) 
/ 111 (£)= ✓rra111 vEexp -a111 E , 
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r}le a
111 

- 3a,11aeaeMbJH napaMeTp, a 111 = I I T,, , rne T,, -

TeMnepaTypa tteiiTpOHOB, M)B. 
Tun 2. PacnpeJ1ene1-111e MaKCBenna JanaeT cneKTp Te­

nnOBbIX H tteynpyro pacceJIHHb!X HeiiTpOHOB: 

f,,,(E) = a~1£exp(-a111E), 
r.ue a 111 - 3a.uasaeMblH napaMeTp, a 111 = I/ T,, . 3necb T,, -

reMnepaTypa tteHTpOHOB, M)B 
T11n 3. CneKTp tte»TpOHOB 3aMeJ1neH11.11 (cnenp <l>ep­

M1t): 

r)le a 111 - noKaJaTenb crnner111 (3anasaeMblH napaMeTp); 

I . 
~Jn11 = 

7 
- nepexo.u1-1aJ1 cj>yHKUHR, orpatt11Y11-

l + ( E3n11 / E) 
B810llla.ll cneKTp <l>epMJI Ha JTIHTenJJOBOH rpaHHUe 0, I )8 

1 
(3a,natta a nporpaMMe); ~6.H. = 

2 
- nepexo.u.-

1 + ( E/ £6.H.) 

Hall cpyttKUHll, orpaHHL111Baioma.11 cneKTp <l>epM11 a 06I1acrn 

6blCTpblX HeHTpOHOB BbJWe :meprn11 £6.11. = 0,2 M)B. 
)lJlJI Bbl411CneHIIH MO,11.eJlbHble cneKTpbl npeo6pa3y!OT­

CJI a MHororpynnosoe npencrnsnett11e, np11 KOTopoM Lln.ll 
K8)KL1Of'O cneKTpa onpe,11.en.l!IOTC.II 8KTHBaU11OHHbie 11HTerpa­
Jlbl HeHTpOHHblX neTeKTOpOB, TIOJlHble cpn!OeHCbl 11 cpe,11.HHe 
JHeprmt HeHTpOHOB. 

I1Tepau.110HHaJ1 npoue.u.ypa Bbl'lHCIJeHl1.II BeCOB H:,, 
~10nenbHblX cneKTpOB ocymecrsn.11eTCJ1 no cpenHeBJBe­
weHHOMY KOJcj>cjJ11uHeHry paCXO)KJlCHll/1 113MepeHHblX 
11 Bbl411CneHHhlX Ha TeKyLUeH (k-H) l1Tepau11H aKTHBaUHOH­
HblX HHTerpanos. 

M 
k "\' k A1 = L, H111a1.111 ; 

m=I 
J 

LR] a1,111 / Aj 
k+I k ~J_=l ____ _ 

Hm =Hm J 

:Z::a1.111 /Aj 
J=I 

r}le A1 - H3MepeHHblll aKTJIBaUHOHHblii IIHTerpan LlIIJI Bbl-

6paHHOtt peaKuH11; Aj - pacc'¾HTaHHblH tta k-ii HTepau.1111 

aKnlB8UIIOHHblii IIHTerpan )ln.ll BbI6paHHOH peaKu11.11; a j.111 -

cpetlHee CeLfeHlle .UJl/1 Bb16paHHOii peaKUH.11 Ha Mo.uenbHOM 

cneKTpe f,11(£). 
XapaKTep11CTHKH HeHTpOHHblX IIOJleH )Vil! peaKTOpOB 

EP-1[3]. f11P-2 [4.9] 11 6P-KI [10] npHsenettbl s rn6J1. 1-6. 



Ta6nn ua I 

vb6paHHhie HHTerpaJibHbJe xapaKTepucT11Ku t:inll 1-1eKoT0pbIX T04eK MOTI-K 
Ha peaKTope EP-1 npu :rnepr0BbI.UeJie1-11m 1017 t:ieneHHH B A3 

CT3paMcTJ) 1013 MM 
I.J,KA3 oT t.1e11TJ)3 A3 

<Dmoe1-1c, 11ci1rn./c~,. Bb1we 0, I MJB 2,5 I ·1014 

CpeJ1HJ1J1 :mcprnll, MJB 1,210 
KepM3, fp 

CMClllCHIIC 3TOMOB KpCMHIIJI 79,7 
H0111133L{HJI 3TOMOB KpCMIIHJI 82,0 
TK3Hb "cTaH}l3PTHOro" '-ICJIOBeKa S,52·103 

Ce•re1111e, M6apH 
239Pu(11 ,}) 1770 
235U(11,J) 1255 
235U(n,J)** -
mNp(11,J)* 922,S 
mU(11,J)* 158,1 
11sln(n, n')11smln 111 ,3 
SRN i(11. /J)58Co 51,2 

* I1HJlHK3TOp TJOMClllCII B Ka}lMHCBbIH JKp3!! TOJllllHHOi-i I MM. 

** I1H}lHK3TOp noMClllCII B 6opHb!H JKpaH TOfllllHHOtt 0,58 r·CM-2
• 

1,68· l O" 
1,077 

0,517 
0,525 
35,9 

18440' 
11670' 
1280 

820,2 
140,5 
94,2 
44,2 

TO'-IKH MOCT-K 

2215 MM 3300 MM 5500 MM 
OTUe11Tpa A3 OT UCIITp3 A3 OT t.1eATpa A3 

4,02·1011 l ,98·1011 8,27·10'0 

0,844 0,686 0,462 

0.122 0,0587 0,0251 
0,121 0,0686 0,0235 
8,46 4,16 1,81 

58590' 92410' 141900' 
34930' 55130' 85080' 

1225 1225 1202 
623,5 496,1 366,1 
107,6 86,7 63,o· 
70,3 54,8 41,6 
35.6 26,6 16,8 

Ta6n11ua 2 

AKTHBau110HHble 11 .aen11TeJlhHb1e HHTerpanb!, nony'-IeHHbie B TeCT0BbJX TO'-IKax MOTT-Kl 
tta peaKTope B:lP-2 np11 '.)Heproab1t:ienemrn I ML()!( s A3 

AKTHB3UHOHHbltt (JlCJIHTCJlbHbltt) HHTerpan, peaKU.l(llJlpO·MlllK) 

Pe3KLIIIJI 30 CM OT UCHTp3 A3 30 CM OT UCHTJ)3 A3 
B "HCHTpOHHOM OKHC" 33 KOHBCpTcpoM 

"»Pu(n. /)* 4,54-10- 11 1,302-10 II 
J97Au(n, y)19sAu* - 8,200· I 0-11 

J97Au(n, Y)J98Au 1,331-10- 10 1,78-10-10 

63Cu(11, y)°'1Cu* 5,9-10 13 4,518· I 0-13 

63Cu(11, Y)MCu 8,852• 10 IJ 8,32· 10 IJ 
mu(11,J)* - -

mu(n,./) 1,9· 10-12 -
mu(n,/)* - 3,7. 10-JJ 
lJXU(n, /)** - -
'
8Ni(11, p)5sCo 6,4s-10-13 1.33· 10-IJ 

27A1(11. cd4N3 4,S· I0-1s 1,29-10 15 
03Nb(11, 211}"-Nb 2,83· 10 15 9,846· 10 16 

'-S(11, p)3-p 3,98· IO- IJ 8.1-10-14 

""Np(n, /)* 9.457.10- 12 1,585-10 12 

11sln(11, n•/15111[11* 1,22-10-12 2,229· 10 ll 
1"-'Rh(II, n't'·'mRh* S,Q3-10-12 8,73-10-IJ 
116Lu(11, y)17-Lu - -
171'Lu(11, Y)177Lu* - -

* I lHlllfK3TOp no~reme11 B K3llMIICBbltt JKp3H TOJIIUHHOH I MM . 

... 111-!JllfKaTOp nOMCIUCH B 6opHbTH "lKp3H TOJIIUIIHOtt 0.4 r·CM 2
• 
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50 CM OT UCHTpa A3 50 CM OT UCHTp3 A3 
B "HeihpoHHOM OKHe" 33 K0HBCpTepoM 

1,4-10 II 9,6· 10 12 

- -
- 3,763- 10- 11 

l,86·10- 13 -
- 2,24-10- IJ 

- 1,4s-10-12 

- -
- 9,7-10-1~ 

2,6· 10-13 -
8,88-10-14 3,47.10-14 

6,1·10 16 3,138-10 16 

3,808-10- 16 2.409.10-16 

5,52-10-14 2.1- 10 14 

l ,429·10-12 4,6-10 13 

1,727-IQ- IJ 5,95·10-14 

1,2s-1 o-u 2.43· 10-ll 
- 1,318-10 JO 

2,066-10-10 -



Ta6nHua 3 

A6comoTHhie 3HaLiemrn <pmoeHCOB 11 cpe.aHHX JHepnttt HefrrpoH0B B TeCT0BblX T0LIKax MOTT-Kl 
Ha peaKTope fl1P-2 np11 :rneprosb1.llenettH11 I M.U)I{ B A3 

Pa60•1aJ1 o6nacTb 
flOllHblH QllllOCHC HCfiTpOHOB, 

Cpe.!IHllll :rneprnll HempoHoB, MJB 
Hefrrp./( c~t MlllK) 

30 CM OT UCHTpa A3 B "HefiTpOHH0:11 OKHC" 1,035-1013 1,300 
30 CM OT uc1npa A3 3a KOHBCpTcpo~t 2,706· 1012 0,909 
50 C~I OT UCHTpa A3 s "HefiTpOHHOM OKHC" 2.057· I 0 12 0,961 
50 CM OT UCHTpa A3 Ja KOHBCJ)TCpOM 8,520-101 

I 0,756 

AKT11BaUHOJ1Hb1e H llemnenbHbte HHTerpanbJ, nonyLieHHbJe B ue11rpe Kf3 EP-KI 
np11 :JHeprosbtlleneH11H I 018 .aene1111i1 s A3 

PeaKUllll AKTifB3UHOHHblfi (.!!CJJIITCJlbHblH) HHTCrpan, peaKu.l(ll.!tpO·MJl)I() 

Kr:3 
wU(n.j) 6.12-10- 10 

mu(n,f)* 6.12-10-10 

2JsU(n,/)** -
mPu(11._/} 7.90-10-10 

n 9Pu(,,. /}* 7,9O· l O-IO 
239Pu(11,./)** -
2J1Np(11. /} 2.77-10- 10 

mU(n. f) 3,58· 10-11 
115ln(n, 11 ' )1 i;mln 2.47-10- 11 

58Ni(11, p);sco 1.16-10-11 

LS(//. p)J-p 7.10·10-11 
27 Al(11. n/4Na 1.04-10- 13 

19F(11, 2n)'"F 7,65·10-11
' 

103Rh(11 . 11')103111Rh* 1)2-10 10 
9"Nb(n. 211)~-Nb 4,36-10-14 
63Cu(n, Y)64Cu* 9,71-10 12 

197 Au(11, Y)19~Au* 9,87-10-11 

1n Au(//, y)198Au -

* J1t{.[UfK3TOp CTOMCIUCH B K8;I~111CBblfi '.lKJ)3H TOJIIUIIHOTI ] ~IM. 

** 11H;J.IJKaTop nOMCIUCH B 6opHblfi 1KJ)3H TOJllllHHOfi 0.58 r-C~I 2. 

Kr.3-C¢ Kr.3-HfK 
4.43· I 0-10 3,06-10-9 

- 1,25-10-9 

- 1,75-10-9 

- 8,75- I 0-9 

- 1,54-10-9 

5.18-10- 111 1,84-10- 10 

l ,85-1O-111 4,62-10-11 

2.00-10-11 7.40· 10-11 

1,48-10 II 4.60-10-12 

5.43.10- 12 2.50-10 12 

3.21 -10 12 1,53-10-12 

3.00- 10- 14 1,98-10 14 

3,57-10 16 

8,70-10- 11 2.33-10-11 

1,93-10-14 I .45-10-14 

6.45· 10- 12 

7,24-10-11 6,58· 10-9 

8.31-10-11 

Ta6n11ua 4 

Ta6n11ua 5 

A6comoTHb1e 3Ha'1em1J1 cpmoeHcos M cpellHMX :JHeprnil Hettrpo1100, nonyLieHHhre s ue1-1-rpe Kr3 EP-K I 
np11 :meproBbl,llCJJCHllll I 018 lleJJeHllil 8 A3 

Pa6o•Iall o6mlCTb 
flOllHbifi QllllOCHC HCfiTJ)OHOB, 

CpcnHllll :rneprnll 11ciiTpoH0B, M:iB ttdhp./( 012 
• M.[llK) 

Kr.3 4.50-1014 0,774 
Kf3-C<P 3.13· 1014 0,696 
Kr3-HrK 1,35-1014 0.466 

Ta6nuua 6 

TTorpewHOCTb onpeae11em1J1 .1ll1cpcpepettu11afilHbtX cneKTpoB B MOTT 

l1HTCpBa.n JHcpnm HCihpOHOB. M)8 norpCWHOCTb npu ,'J.OBCpllTCJlbHOfi BCpOllTHOCTI! 0,95, He 6once 

IO 1"- O.5-10--o 10% 
0,5· IO O 

- I O· 1O 3 20% 
10-10·3 0,25 15 % 

0.25 -8 8% 
8- 12 8% 
I 2 - I 8 10% 

41 



CnucoK mneparyp1>1 

I . Konecos B. <P. Anep110,u11yecK11e 11MnynbCHb1e pe­
aI<Topht. - Capos: P<P51U-BHI1vl3<P, 1999. 

2. CesaCTbJIHOB B. )l., BopoHl(OB C. B., )lpoJ,uos 11. IO. 
11 .up. 3Kcnep11MeHTaJlbHbie 3aJlbl 6b1CTJ)blX peaKTOpOB 
C OTKpblTOH aKTHBHOH 30HOH KaK qiopM11posaTem1 :rnepre­
TJ11-!eCKHX cneKTJ)OB HeHTJ)OHOB. - Tipu6opbl 11 TeXHl1Ka 
3Kcnep1rnettrn, 2004, N2 6, c. 5- 14 

3. Koruenes A. C., Mac11os r. H., CesacTbJIHOB B . .ll 
KoMnneKc MO.Uelll1py10m11x onopttblX noneri Ha peaI<Tope 
EP-1. - Ilpo6neMbl naJepos c J1.uepHo/:i HaKaYKOH 11 HM­
nynhCHbte peaKTOpbl: MaTepHanbl 3-tt MelK.UyttapO.UHOH 
KOHcjlepettu1111. - CHe)KHHCK: P<P5ll.l-BH1111T<P, 2003, 
C. 515- 517. 

4. CesacTbJIHOB B. }l., Bo11HOB M . A., }los6hll1J JI. E., 
}lpoJ,uos M. IO. l1ccne.uosa1rne xapaI<Tep11crnK nonei1 tteH­
TJ)0HOB fMP-2. - ArnMHaJI 3HeprW1, 2005, T. 98, Bhm. 2, 
C. 148- 154. 

5. Macnos r. H ., CesacThJIHOB B. }l., Kowenes A. C. 
MeTo,u pac'-!ern cneKTJ)a HettTJ)OHOB no peJynhrnTaM HJMe­
peHHH C IIHTerpaJibHb!Ml1 ,ueTeKTopaMH, pean113osaHHblH 

B HOBOH sepc1m nporpaMMbI KACKA)l. - l1JMep11TeJibH8ll 
TeXH11Ka, 2003, N2 5, C. 62-68. 

6. MeTO,U11'-leCKHe yKa.JaH1rn Ml1 2804-2003. XapaKTe­
p11crnK11 peaKTOpHbIX HeHTJ)OHHblX IlOJieH. Mern.u pac•1ern 
cneKTJ)a HettTpOHOB no peJyJihTaTaM 113MepeHHH C HHTe­
rpaJibHblMH .11.eTeKTopaM11. - MoCKBa, 2003. 17 C. 

7. BNL/National Nuclear Data Center: ENDF/B-Yi 
( 1990). 

8. HeHTJ)OHHO-aKTJffiaUHOHH_bJe ,ueTeKT0pbl .II.JUI peaK­
TOpHblX 113MepeHl11l. Ce'-!eHl1JI peaKUHH B3aHMO,lleHCTBWI 
HettTJ)OHOB C 11.llpaMH. fCCC}l 131-89. Ta6n11Ubl CTaH­
,uapTHb!X cnpaBO'-IHblX ,uaHHblX. - M.: l13A-BO CTaH,llapTOB, 
1980. 

9. KoMnneKc Mo,uem1py10mHX onopHbIX none/:i HettTJ)O­
HOB tta peaKTope fl1P-2 (MOTT-Kl). OmtcaHHe, npasHJia xpa­
HeHJ1J1 11 npHMeHeHlt.11 (K CBH,lleTeJ!bCTBy N2 43004.5fl333). -
<PfYTI «BHM11<PTPl1», 2005. 

I 0. KoMnneKC M0,UemtpylOl.l.lli.X onOpHb!X none/:i HettTJ)O­
HOB Ha peaKTope EP-KI (MOTI-K2). Orn1cam1e, npas11na xpa­
HeHJ1J1 11 np11MetteH1t.11 (K cs1meTeJlbcTBy N2 43004.6H369). -
<PrYTI «BH1111<PTP11», 2006. 



-

Y,lJ.K 539.124.6 

Il03HTPOHILUI )],HArHOCTHKA CilJIABOB Pb-Bi J.1 Pb-Sn 

B. H. £em1eB, B. M. rpa<j>ynm*, IO. B. <l>y11nrn:os*, H. 0. XMeneBcKHH .. IO. B. WTOLIKHir, 
M1,o 3o XryT, 5111 Jlnu AyHr 

MocKOBCKHii HHlKe11ep110-qm311•1eCKHM. liliCTHTyr (rocy.napcTBeHHblll YHHBepc11TeT) 

• <DrYn fHU P<l> l1HCTHryT TeopeTHt.feCKOH H JKcnepHJ\teHTaJlbHOH !pli3llKH 

TipcncraBJJCHl,I peJyJJbTaTbl :)KCncpm,,eHTaJJbHblX 11ccnenosa1111ii nO3l1TpOHHOii aHHlffHJUIUlfll B nomrKpnCTaJJJllf'ICCKHX 11 )!(11.ilKIIX 
o6pa3uax ,llBOiiHbIX CIICTCM CBIIHCU-BIICMYT II CBl!HeU-OJJOBO. npoBC,lCHO cpaBHCHHC OOJlj"ICHHblX pc3yJJbTaTOB C paC4eTHblMH BCJll14H· 
H3MH, OOJJY4CHHblMH B paMKax Teopmr cso60.1111oro :JJJe1'."TpORROfO raJa. 

POSITRON DIAGNOSTICS OF Pb-Bi AND Pb-Sn ALLOYS / V. N. BEL YAEV, V. J. GRAFUTIN, Y. V. FUNTIKOV, 
N. 0. KIDIELE\'SKY, Y. V. SUTOTSKTJ, M. Z. KHTUT, Y. L. AUNGH II Experimental studies of positron annihilation in poly­
crystaline and liquid samples of Pb-Bi and Pb-Sn binary systems have been performed. The obiained results are compared with theoreti­
cal estimations based on the free electron gas model. 

BBe11.em1e 

MeTO,Llbl flO3HT))OHHOH n11arHOCTHKJI 1111TeHCIIBHO HC­

flOJlb3YIOTCll np11 11ccnenosaH11M :meK1po1rnoi1 CT))YKT)'J)ht 

MeTaJlJlOB 11 cnnaBOB [I]. 3To CBl!3aHO C TeM, 'ITO MeTOll 

aHHJirl!JlJIUHII flO3HT))OHOB nOJBOJUleT onpe,neJUITb TaKl1e 

BalKHb1e xapaKTep11cn1K11 MeTaJJJlOB, KaK pacnpenene1111e 

JJleKT))OHOB no HMllYJlbCaM, :meprn!O ypOBHH <J)epMH f-J, 

t.fHCJlO cso6o,nHhlX 3JleKT))OHOB Zc, np11XO!llllll11XCll Ha O,LlHH 

aTOM MeTanna, 11 IIX KOHUeHT))8UIIIO /Ip B 3OHC npOBO!lllMO­

CTII. 3n1 xapah'TepHCTIIKH, K8K H'.lBeCTHO, BO MHOfOM onpe­

neJil!IOT Mexa11114ecK11e, :meKT))H'fCCKHe H MarHIITHbJC 

CBOiiCTBa MeTaJlJIOB. B naHHOii pa6oTe npencTasneHbl pe-

3YJibT8Tbl 3KCrtepnMeHTaJlbHblX HCCJienosaHIIH MCTOllOM 

YTJIOBblX KOppenl!UIIH aHHJIJ'IIJIJIUHOHHOro 113Jlf'leHJUI 

(YKAH) o6pa3uos c rrnasos cs1111eu-s11cMyr s nom1Kp11-

CTaJIJJH'-ICCKOM II lKIIJlKOM COCTOl!HIIH II paCCMOTJ)eHbl oco-

6eHHOCTH MeX8Hl!3Ma aHHl!rlUUIUIIII B HJ1X. 

I. Ocuon11b1e <f>H3Il'ICCKHe csoucTBa Pb-Bi 
H Pb-Sn cnnaBoB 

411cTb1e MeT8JIJlbl B 60JlbWHHCTBe c11y4aeB He o6ecne­

LIJ1B8IOT 11eo6xon11Moro KOMnJieKca MeXUHJl'JeCKl!X, Tex11O­

JIOnt'fCCKl!X 11 IPYHKUHOH8JlbHblX CBOiiCTB H 11O'.>TOMY 11p11-

MeH_lllOTCJ! penKO. B 60JlbWHHCl Be cny4aes B TeXHl1Ke IIC-

11OJlb3YIOT CIIJiaBbl. 

CnnaBbl, HaXOJ.ll!UllleCl! B TBepnoM COCTOllHHH, .nenl!T 

no COCTasy Ha TJ)II rpynnhr: TBepllblii pacrnop, XJ1Mlll.JeCKOe 

coe.n11Hem1e, MexaHHLfeCKrul CMeCb KOMllOHeHTOB. no xa­

paKTepy p83MeUleHll_ll 8TOMOB B KpHCTaJIJll14CCKOH. peweTKe 
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p83n114atoT rnepnhie pacrnopb1 3aMe111emui II rnep).lb1e pac­

TBOpb1 BHenpeHJUI. 

8 TBep!lblX pacrnopax 38Mewe111U1, COCTOllll.l,11X H3 

KOMHOHeHTOB A II B, aTOMbl paCTBOpllMOf'O KOMflOHeHTa B 
38MeUl810T OT!leJibHble aTOMbl OCHOBHOro KOMrtOHeHTa A 
pacrnopHTeJil! B Kp11CTaJJJIH4eCKOM. peweTKe. 8 JTOM cny­

yae up11 Hecosna.nett1111 paJMepos aTOMOB p83Mep :rneMe11-

rnp11oi1 l!YeM.JG,I MO'.iKeT H3MeHHTbCl!. 

B TBep).lOM pacrnope BHenpeHHJI aTOMbl pacrnopHMO­

ro KOMnOHeHrn BHe!lpll!OTCll B MelK.1lOY3Jil1JI Kp11CTaJIJIB4e­

CKOH peweTKH OCHOBHOro KOMCTOIICHTa. TaKHe TBep).lblC 

paCTBOpbl 06bl'-IHO o6p83ylOTCll, Korna aTOMbl paCTBOpllMO­

ro KOMIJOHeHTa IIMelOT cpaBHHTeJlbHO He60JibWHe pa3Mepbl 

no cpastte11111O c aTOMaM11 pacTsop,neM. 4awe ecero :no 

l!MeeT MeCTO, Kor.na B MeTaJlJle paCTBOplllOTCll HeMeTaJIJIH­

'!eCKHe '.)JieMCHTbl. 

McxaHH4eCKHe CMec11 o6p83ytoTCll. Korna KOMllOHeH­

Tbl He cnoco6Hb! K B3a11MHOMY paCTBOpCHIIIO B TBep.nOM 

COCTOl!Hlll l u He BCTynaioT s XHMl!l.JecKyto peaKUHIO c o6pa-

3OB8HlleM coew1He111rn. TaKHe cnnaBbI 06pa.1ytoTCH 113 3Ha­

LJHTeJJhHO pa3JJHY8l0UlHXCll no CBOiiCTBaM II COCTaBaM JJIC­

MCIITOB. MexaHH4eCKall CMeCh 11pencTaBJU1eT co6on CMeCb 

MIIKpOqJaHyJI, B KOTOpblX coxpaHHIOTCll Kp11CT8JIJIH'-leCKJle 

pewCTKII KOMflOHeHTOB. 

Cnnaeb1 Pb-Sn II Pb-Bi 1111Tepec11b1 KaK npocTei111111e 

i'>IOL1eJ111 61111apHblX CIIJl8BO8, HX JlerKO H3f'OTOBIITb B na6o­

paTOpHblX ycnOBlll!X, II Ha HX 11p11Mepe yno6HO H3y<l8Tb 

csoiicrna 6miapHbl X cnnasoB, nposepHTh cywecrnytowHe 

r,t0nem1 H C).leJiaTb BO3MOlKHblM nepexon K H3Y4CHIIIO 6onee 

CJLOlKHhlX sewecTB. KpoMe Toro, JTH cnnaBbl HaXO,LlllT Wll­

poKoe npHMeHeHHe B npOMblWJieHHOCT11: 



- cnnaa Pb-Sn 11pHMeHJ1erc,i KaK Hl1JK0TeMnepa1yp­

Hb1il npunoi-1 ; 

- cnnae Pb-Bi 1111repeceH KBK nepc11eKTHBHb1!1 re11J10-

H0CHTeJ1b ,llJJl! peaKropoe 118 6blC1pb1X HeflrpoHax (npoeKT 

peaKropa EPECT). 
O6pa3Ubl CIIJlOBOB llJll! :>Kcnep11MCHTOB H3rOTOBJJl!JlHCb 

CMeWIIBBHlieM COOTBCTCTBYIOLU11X KOMflOHCHT C fl0CJle­

.!lYIOWIIM nnaeneHJleM B BBKyyMe. flnOTHOCTb cnnaeoe H3-

Mepl!Jl8Cb :>KcnepHMeHTBJlbHO, B3BCWl188HHeM o6p83UOB 

B ao.ae H HB 803,llyxe. OcHOBHble cpH311KO·XHM114CCKJle 

CBOHCTBB 'iHCTblX MeTBJUI0B np11ee.aeHbl B ra6Jl. I. 
3Kcnep11MeHT!lJlbHO HJMepeHHble 3HU4CHHl! llJl0THO­

Cnt cnnaaoa cpaBHIIB!lJlHCb C pac'ieTHblMH JHBl.feH~UIMII, 

Bblfl0JJtlCHHhlMH B npe.anoJI0lKCHHH, "ITO paCCM8TpHB8eMble 

cnnaeb1 .11e1u11-0rc.11 reep.ab!MH pacraopaM11 JaMew,eHH.11, 

raep.Ub!MH pacreopBMII BHe.upemtl! H MCXBHHl.fCCKOrt CMC· 

Cb!(), 3KcnepHMeHT8JlbHble ,llBHHblC xopowo cornacylOTC.11 

C pacYCTHblMH pe3yJJbTBT8MH, BbtnOJlHCHHblMII B npe.ano­

flO>KCHHli, '!TO HCCJleJJ.yeMblC cnJJUBbl B n0Jllll(pllCTBJIJIH'IC· 

CKOM COCTO.IIHIIII 11pe.UCT8BJIJIIOT C06ol\ MCX8Hl1YeCKYIO 

CMCCb (.llCHCTBHTCJJbHO, 838lfMOpacraopHMOCTb K0Mfl0HCH· 

roe cnnaaa npH .aai111oif Te.\meparype Mettee 3 %). 
,lln.11 CJl)"laJI MCX8Hl1YCCKOH CMeCl1 MO>KHO paCCl.fl1TBTb 

"ycpe.nHeHHYIO" nJIOTHOCTb Pc11J1m H MOJIJIPHYIO Macey 

Mcw1■na no <pOpMyJiaM : 

Pcnnoea = 1/ _ C ( I/ _ I/ ) ' 
/Psn Pb / Psn / PPb 

I 
M CllJlUDll = I ( I I ) I 

- - - Crb - - - ­
Mai Mai Mrb 

( I ) 

(2) 

r.ne Pl H P2 - nJJOTHOCTH MeT8JIJI0B, COC1'8BJ1.IIIOIJJ,HX 6HHap-

., m, 
HblH cnnaa; C1 = _......__ 

m1 +m2 
- aecoea11 K0HUeH'rpau11.11 K0M· 

nOHCHTB; m, 11 1112 - MBCCbl MCT8JIJ10B, coc-raBJll!IOW11X 6H­

HapHbllt CflJlaB; M, II M2 - MOJIJlpHb!e MaCCbl MCTMJI0B, 

C0CTBBJIJIIOWHX 6HH8pHbIH CflJIBB (11HlleKC I C0OTBCTCTByeT 

HH.neKcaM Sn HJ111 Bi, HHllCKc 2 - Pb). 
Ha p11c. I npHae.neHbJ pe3y11bTRTbl pac,,eroe (cnnow­

Ha11 m1H11J1) no cpopMyJiaM (I, 2) H :>KcnepHMeHTaJlbH0 113· 

MepeHHble JHB'leH11J1 (TO'IKH) nnorttocrn Pb-Bi H Pb-Sn 
CflJIBB0B B 3BBHCHMOCTH OT HX cocraea. 113 xopowero COB· 

JJ!UICHl1JI nonyl.feH.Hb!X .UBHHblX c11eiiyer, '!TO llBHHble cnna­

Bbl .neiiCTBHTeJlbH0 npencraBfll!I-OT co6ol1 MexaHl11.fCCKYIO 

CMeCb. 

MCXO,llJI HJ 8HBJIOrl1'.JHblX npe.unoJIOlKeHHH 6b1Jlll pac­

C'll!TBHbl rtJJOTHOCTH Pb-Bi cnnaea B )1<11,llKOM COCTOJIHl111, 

TBKlKC np11ee,llCIIHbJe HU p11c. I. 

Ta6n11ua 

OCHOBHblC cp113HKO·XHMH'ICCKHC ceoifcrea BIICMyra, CBHHUB J,! OJI0Ba 

ATOMHbll:\ 110• MoAApHBl! MBC· 
3JlCKTpOIIH811 

Pn / p.,.a..n, r /cMJ ,,.., oc P83MCp 
MCTW!Jl KOK(jrnrypaUHII 

HOHB, HM MCp, Z ca,M,. 
BHCWIICA o6ono'IKH 

Bi 83 208 9 6s'o' 975 / 1007 271 5 0 103 
Pb 82 207 2 6s'o· 11 34 / 10 68 327,6 0,119 
Sn 50 118,7 5s"p' 7 31 232 1 0 0<>9 

12 

11 ,5 

,., 11 
::E 
.g 10,5 

t 10 .. 

2 9,5 t) 

B 9 

s 8,5 
c:: 

--nop11~ (Pb·BI) 
-l-------i----::::.-t"'----1 o 3KCnep11MeHT (Pb·B1) 

C: 8 -l--------1.,,,..::....--+- ---1--..-reop11~ (Pb•Sn) 

7,5 C 3KCnep11MeKT (Pb•Sn) 

7 
, , , .... • • Teop11A ( lK11AKOCTb Pb-Bl) 

0 20 40 Pb,% 60 80 100 

Puc. I . YIJMeHCHIIC nnOTHOCTll cnnaeoa Pb-Bi II Pb-Sn e JaBHCIIMOCTll OT cocraea 
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2. MoJlCJlb CB060JlJIOro 3JJCh."TpOIIIIOro raJa 

B MeTaJJJJax II cnnaBax 

B p8MK8X Teop1111 CB060J.1HOro J JleKTp0HH0ro ra3a [2] 
npennoJ1aracTcil. YT0 KUJKJ.lhlii aTmt ~1eTaJ1J1a oTnaeT see 

sane11T111, 1e JJJeKTµ0llbl B 06Ulyto 30HY np0 B0J.lltM0CTII. T0-

r t ia K0HUell1 p8Utl)! J.~eK rp0H0B npoB0JJ.mt0CTII Ill' 6y.neT 

pasHa 

_ J(ji _ N Auor a.1po 
11 p - nZBMCIIT - p !vi z/1 , (3) 

rne /1 - K0HUeHTµ8 UIUI aT0M0B B C,!lllHIILLe 06beMa MeTaJIJla; 

Al - M0JJ)!J)H8J1 ~iacca Mernnna; p - ,mo rH0CTh MCTaMa; 

Z,, - JqiqieKTl\88)! 88JleHl H0CTh MeTaJIJla. 

KOJIJ.lCHTµ8U11JI JJlCKT!10H0B B 30He np0B0,'.111MOCTII on­

pe,neJl)!CT rnK11e napaMeTpb1 cnnasa, KaK JHepr1110 (EF) 

JI 1111,myJlhC (pF) <t>epMII: 

( 
2 )2/3 PF = 17 3n np ; (4) 

rne 11 1, 112 - K0Huewrpaw111 aT0M0B nepsoro II BToporo TH­

na, C00TBeTCTBeHH0; Z1, Z 2 - 88JJeHTH0CTJI 8T0M0B nepsoro 

11 BT0poro T11na. C00TBeTCTBeHHO. 

TaKllM o6pa30M, YYIITbl88)! BblpaiKeHJ-te (3), K0HUCH­

TP8UJUI CB060)1HblX JJJCKTpOHOB llp B 30He llp0BO,!lJIMOCTl1 

cnnasa 6y,neT pas11a 

(
c1Z1 c2Z2 ) 

11 p = PcnmrnaN A --+-- , 
M1 M2 

(7) 

rne M,, M2 - M0JrnpHbJe M8CCbl KOMllOHeHTOB cnnaaa; 

Pc11J1Jlia - flJl0THOCTb cruiasa; c, . C2 - seC0Bble KOHUeHTpa­

Ullll K0MJI0HCHTOB cnnasa. 

3Ha)! K0HUeHTµ8UIIIO CB060,'.1HblX JJICKTpOHOB 11p' 

llJl0TH0CTb ( I) II MOllilpHy10 Macey crrnaaa (2), M0)KHQ on­

pe,'.leJUJTb JHeprnlO <t>epMII (5) J,\ J cjJcjJeKTJIBHYIO B8JJCHT­

HOCTb 

,cj> _ M clUJaBa 11p 
ZBaJJCHT - -----'--

NA Pcn..qaoa 
(8) 

l-13 Bblp8iKCHHJI (5, 7, 8) 811,ilH0, YT0 KOHUeHrpau11J1 

(5) J JJeKTp0HOB B 30He np080,!lllMOCTl1, JcjJcjJeKTHBH8ll saneHT­

H0CTb II JHeprIUI <t>epMIJ 38BHCllT OT nJJOTHOCTII cnnasa, a 

r.ne /i - fl0CT0i!HH81l nnaHKa; Ill - Macca J JlCKTµ0Ha. 

8 CJJ}"lae fotHap1tblX CnJ!aB0B ~10,KH0 l!0naraTb, '--!TO 

o6a MeTaJIJla 6 y ily f 0TJ18B8Tb ace BaJICHTllble ::>JJeKTµ0Hhl 

.3 06llly l0 30HY IIJ)0BO,!UlM0CTII. KoHueHTpauw1 :rneKTp0H0B 

B 30He npoB0JlllM0CTl1 6yneT pasHa cyMMe K0HUCHTµ8Ullli 

JJICKTµOH0B, 0T,!l8HHblX o60llMII MeT8JIJJa~rn. 

(6) 

TalOKe OT BCCOBblX KOHuewrpauHfi, M0JlllpHblX Mace H sa­

JleHTHOCTCH K0Mfl0HeHT0B cnnasa. 

B Ta6n. 2, 3 np11Be,neHbl pe3yJlbTaTbl pacYeT0B KOH­

UCHTpau1111 cso6o.nHblX JJleKTµOH0B B 30He nposomrMOCTH, 

J cjJ<jleKT1mtto11. saneHrnocrn H Jtteprn11 ct:>epM11 Jlllil Pb-Bi 
11 Pb-Sn c11nason. 

Ta6n11ua 2 

OcHoBHhte cpm11tiecK11e cno?icTsa Pb-Bi cnnasos 

Mom1pHa11 Mac- KoHUCIITpau1rn '.)JJCK- 3cj>cj>e1n-11B11a11 Ba-
Ko11uempau1111 Pb (%), 3Heprn11 <l>epM11 (1B). ca M c111u11u, TpOHOB (llp· I 022, CM-3

), p. r/cM3 JICHTIIOCTI, ( z;:i,e,n ). s Pb-Bi cnnasc paCYCT (5) pac,1eT (2) pacYeT (7) paC'ICT (8) 

100 207,2 13.2 1 11 ,34 4 9,39 
88,75 207.4 13,29 11,14 4.13 9,44 
74,6 207.7 13,43 10.89 4.27 9.51 

50. 11 208. 1 13.66 10.50 4.48 9.61 
20.7 208.6 13.93 10,07 4.76 9,73 

0 208.9 14.09 9,75 5 9 ,82 

Ta6nHua 3 

Oc110 BHh1e cp11311yec K11e rnoiicrna Pb-Sn cnnasos 

M on11p11a11 Ko11ue11Tpau1111 JJJCK· 3 cj>cj>e1mrn11a11 Ba-
311eprn11 <l>epMH (3B), Ko1rne11Tpau1111 Pb (%), 

Macca t-.1011 ,,,.,1• TjlOHOB ( 11p" I 0~1_ c~(1}_ (), r /01 I JJeHTHOCTI, ( Z!enT ). s Pb-Sn cnnasc paC'ICT (5) paC'ICT (2) paCYCT (7) oac,IeT (8) 
100 207.2 13.2 I 11.34 4 9,39 
95 199.8 13.30 11 .03 4 9.44 

90.3 193,3 13,42 10,74 4 9 ,50 
85, 1 186.5 13.53 10,47 4 9.55 
74 173.6 13.7 1 9,89 4 9.64 

66.7 166.0 13,88 9.58 4 9.71 
58 157,8 14,0-1 9, 19 4 9,79 

5 1.4 152. 1 14, 15 8.91 4 9,84 
15 126,8 14.63 7.70 4 10.06 
5 121.5 14,74 7.42 4 10, 11 
0 I 18,7 14,79 7,3 1 4 10,13 
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3. AHHlfrHJUIUIIH D0311Tp01108 8 MeTaJIJiax 

MeTO)l yrnosoil KoppeJIJIUltil aHHHrHJIJIUHOHHOro HJ­

Jl)"leHIUI (YKA11) OCHOBatt Ha pernc-rpaum1 cosna,nett1111 OT 

.nsyx rnMMa-KsaHTOB c :mepnieA ~ 5 I I KJB, BOJHHKa!OWHX 

B peJynbrnTe aHllllfllJIJIUl111 JJleKT])OH-nOJH'f!)OHHhlX nap 

H pa:meTa!OWllXCSI B nponrnonOJlO>KHble CTOpOHbl B CHCTe­

Me uett-rpa Mace napb!. Op11 aHHllrHnHUm1 :meK-rpOH­

no311-rpoHHoil napbl BblnOJlHSIIOTCSI JaKOHbl coxpatteHHJI 

HMllYJlbCa I\ JHeprn11. Ec1111 ueH-rp Mace napbl Heno.nBH)l(eH 

(v = 0), TO o6a Y-KBaHTa pa3neTa!OTCSI B npoTHBOnonO)l(HblX 

HanpaeneH11.S1x (yron 0 = 0) c o.n11uaKoeo11 :>Heprneii 

k 1c = k2c = m 0c2 =0,5 11 MJB. Ecn11 v * 0, TO yrnbI Me)l(­

.ny ua11paeneHJ1SIJ\ll1 paJnern Y-KBaHTOB 6y.nyT OTnl1'taTbCSI 

OT 180°, a 11x :JHepnlSI ~e ue 6y.neT pasHa 0,511 MJB. 

EcnH HJ\mynhc napb1 p << m 0c. TO yron 0 onpe,nenHeTcH 

COOTHOWeHJ!eM sine= p 1-/moc. TaKHM o6pa30M, ll3Me­

peHHe yrna 0 (OTKnOHeHHe yrna ])aJJleTa y-KBaHTOB OT 

180°) noJeonHeT onpenemtTb HMnynbc e+-e- - napb1. TioJ11-

T])OHb1 K MOMeHry aHHKrl1.JlSIUl1JI TepManll3y!OTC,i, 110JTOMY 

yron ])aJJleTa raMMa-KBaHTOB onpe.neruieTCSI HMnynhCOM 

JneK-rpoHa. 

Ha pHc. 2 np11se.neHa 6noK-cxer,ia cneKT])OMe-rpa yr­

noeb1x KoppeJ1,iunA. CneKT])bl yrnoeblx KoppenJ1uui1 npe.n­

CTaBJUl!OT co6oi1 JaBHCHMOCTII •rncna .UBOHHhlX coena,ueHJtii 

OT aHHltrllJIJIUHOHHblX raMMa-KBaHTOB 11])11 paJJll1'-1HblX yr­

nax Me>Kny )leTeK-ropaMH. Pernc-rpau11S1 cosna11eH11i1 OT 

aHlllffllJISIUHOHHblX raMM3-KB3HTOB ocyweCTBJUleTCSI C 110-

MOWb!O .neTei..-ropoe ,l].l 11 ,Ll.2. BblXO.!lHble CJffHaJlhl C .ne­

TeKTO])OB nocTyna!OT Ha qiop1,mposaTemt-)lHCK])ltMHHa­

TOpbl ct> I 11 ct>2, a JaTeM Ha cxeMbJ coena.neHHii CC I H CC2, 

ocyweCTBJlSIIOLI..\HC ll3MepeHJ1e llCTHHHhlX (Ncos11) 11 cny'-1.aii­

HblX (N<f,o11) COB113..'.leHUH 11p11 33Jl3HHOM yrne 0, 33 Bb!6paH­

HOe epeMSI JKCnOJHUllH. nocne JTOro flO,'.lBll>KHblll .!leTeKTOp 

(.U2) nepeeo,nuTc,i s cnellYIOWYIO TO'-IKY HJMepeHHH (yron 

0, ... I) H BHOBb npOH3B0lll1TCSI 113:-.tepeime cosnaneHIIH. 

1---------- cc, -----------14>2 

Nco•n 

N, 

P11c. 2. DJlOK-CXC~sa CIIC1'TJ)OMCTp:J yrnOBblX KOJ)l)CJl/lUIIH 

YIJMepeHHJI yrnoBbJX pac11pe.nene1111ii al!HllrllAAUllOH­

HblX cj10TOHOB s cnnasax Pb-Bi 11 Pb-Sn 11poeo::uu111cb Ha 

ycTaHOBl<e C JlllllHHOWCJICBOll reoMeTp11eil C paJpeweHlleM 

0.4 Mpa,n. l1CTO'iHl1l<OM TT0311Tp0HOB cny>KHJI pan11oaKTl!B­

Hblii 1130TOn Mcu. 1-luCJIO cosna,ueH11il B J\laKCIIJ\IYMe Kpll­

BOII COCTaBJUIJlO (0,4-1 )· I 04
. 
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CornacHo Mo11en11 ceo6ot1Horo JneK-rpOHHoro raJa 

JJleK-rp0HbJ np0BO.!lllM0CTH 8 MeTanne l!Me!OT HMnynbCH0e 

pacnpe,neneH11e [6]: 

(9) 

r.ne EF - :)HeprnH ct>epM11; k8 - nocTOl!HHall oonbUMaHa: T -
a6co1110THaS1 Te~mepaTYJJa. 

,Uru H113KHX TeMnepaTyp JT0 pacnpe.nene1me 6n113KO 

K npHMoyronbH0MY, noJT0MY B KpttBbIX YPAct> Mernnnoa 

Ha6n10.naeTC,! napa6on11 YeCKUSI J;,(0) K0Mfl0HeHTa [28) 

( I 0) 

AHHHfHAAU11.,1 fl0311T])0H0B B MeTa.ruiax H cnnasax 

np0HCX0lll1T KaK Ha JJleK-rp0HaX 30Hbl np0B0)lllM0CTl1, T8K 

H Ha JneKTJ)0Hax HOHHoro OCT0Ba. OcTaswaHC,I nocne Bbl­

l.Jl1TaHll,I napa60Jlbl 3aBl1Cl1M0CTb, KaK npaBHJI0, 0TTHCb!Ba­

eTC,i O,IIHOH /2(0) 11.J!H cyMMOll HeCKOJlhKHX rayccOBblX Kpll­

BblX BH)l8 

r.ne lg - 11HTeHCllBHOCTb rayccoeoii K0Mfl0HeHTbl; 0g - .n11c­

nepc11,i rayccoeoii KpHeoii; 0µ - yron nepecel.Jem1S1 napa60-

11oii OCH a6CUHCC 0 ("yron OTCel.J.KH11
). 

Ha pHC. 3 np11ee11eH xapaKTepHblH BH,11 HJMepeHHblX 

cneK-rp0B YKAl-1 c paJno)KemteM Ha napa6on11'-leCK)'lO 

11 raycc0Bbl K0Ml10HeHTW. ITocne K0ppeKU11H cneK-rp0B 

yrnoeoi1 K0ppeAAu1111 [3) 11.x paJH0)l(eH11e Ha napa6on11Ye­

CKHe 11 raycc0Bble COCTaBMIOLl..\lte C )"leT0M QJYHKUH.H pa3-

pCU1CHUJI ycraH0BKH rrpOB0JHIJJ0Cb Ha 3BM C HC00Jlb30Ba­

Hl1eM nporpaMMbl ACARFIT [4). 

30 -20 30 

Puc. 3. XapaKTCpHoe yrnosoe pacnpc.acm:um: aHHllrllJlllllllOHHblX 
cpu-roHos B Pb-B1 cnnasax: I - KpllBM YKAI I, nocrpocHHall no 
"JKCncpllMCHTMbHblM TO'!KaM; 2 - napa601111•1ecKa11 KOMnOHCHTa 

cncKTpa; 3 - rayccosa Ko~noHcHTa cnc1ITpa 
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Onpe.n,e.lUUl 113 JKcnepHMeHTa napaMeT)J 0µ (yron 0T­

ce'-l.KH napa60JJOH 0CII a6cu11cc 0), M0)!(HQ oueHHTb HM­

nyJibC <t>epMH PF II Jttepr1110 <t>epMH tf HCCJ1e,nyeM0ro Me­

TaJrna: 

PF= 0/lmc; 

EF = 07, ( mc2 /2) . 
( 12) 

(13) 

McnOJib3Y51 cj>opMyJlbl M0)leJll,t CB060)lHOfO JJleKTp0H­

H0ro f838 (7, 8), 113 JKCnep11MeHTaJlbH0 nony4eHHb!X 3H8-

4ett11H 11Mnynhca (:rneprt111) <t>ep11,111 B 11ccn e.n.oaatttthJX 611-

ttapttbJX cnnaaax M0)!(H0 onpe)lemtTh ::icj>cj>eKTHBHYIO aa-

neHTH0CTb Z!%ie11T , K0HUCHTpau1110 lip :rneKTp0H0B B 30He 

np0B0.llllM0CTl1, a T81()!(e JHepntlO 0CT0BHblX :rneKTp0H0B Eg 

(.nucnepcu10 a! ): 
EF = et mc2 /2 ; (14) 

Z!%ief1T (0) = 

= ( 81t/3) ( mc
2 
/h )3 ( M cnnaaa / Pcnnaaa N ABOf3llPO ) et ; ( 15) 

np(0) = np(e) = z~tqeHT n = (8n/3)( mc2 /1, )3 et; (I 6) 

Eg =(3/2)(mc2/2)cr!. (17) 

Tiony4eHHbJe pe3yJlbTaTbt fl0K838JIH, 4T0 B TI0J1HKpl1-

CTaJJJ1H4eCKHX cnnaaax CBHHCU-B11CMYT 06pa3yeTCJI C.1111H8$1 

30Ha np0B0.llllM0CTH, a cneKTp YKAM 0illlCbJBaeTCJI cyM­

MOH. napa60JJ11'ieCKOH. 11 0.llHO.H rayccOBOH. K0MTI0HeHT. 

Yron 0TCe4KH Op (yron <t>epM11) napa6oru14ec1<oii K0Mno­

»eHTbJ JlHHei:iHO H.3MeH$1eTCJI OT 6,03 Mpa,n .n.o 

6, 15 Mpa.n np11 K0»ue»Tpau11H Pb 0 % < Crb < I 00 %, 
a aep0l!TH0CTb aHHllfl1J1$1UH.H fi03HT)J0H0B C JJJeKT)J0H8MJI 

30Hbl np0B0llllM0CTH npaKTH'ieCKH He 38B11CHT OT K0HUeH­

Tpaumt K0MTI0HeHT cnnaaa II paatta ~ 63 %. B cnnaaax 

CBIIHeu-onoao yron 0TCe4Kl1 0µ napa60JJJt4eCKOH K0Mll0-

HeHTbl H3MeHJIJ1Cl! OT~ 5,8 Mpa.n .n.o ~ 6,0 Mpa.n npu yaem1-

'-l.eH1111 K0HUeHTp8U1111 0Jl0Ba OTO )]0 I 00 %. 
CneKTp YKA11 cnnaaoa cB1111eu- B11CMYT a )1(11.llK0M 

C0CT0l!Hl l ll 0TIHCbJBaJICll cyMMOH 3 K0Mll0HeHT, napa6omt-

4eCKOII II .nsyx raycc11aH0B, 0.1111H Jl3 K0T0pblX, no­

BH)]HM0MY, 0TBe4aeT 38 8HHHfl1JlJIU11IO fl0311Tp0H0B C 88-

JleHTHblMII JJJeKTp0H8Ml1 "6mt)!(Hero" nopJ1.nKa, a BTOpO.H -

C BaJJeHTHbIMH JJJeKTp0H8Mll ".nanbHero" nopJl)]Ka. Yron 
0TCe'iKH ep napa6om14ec1<oii K0Mfl0HeHTbl JlHHeiiHO 113Me­

Hl!eTCJl OT 5,88 Mpa)l .no 6,02 Mpa)l np11 K0HUeHTpaUirn Pb 

0 % < Cpb < I 00 % , a Bep051TH0C·t b 8HHHrl1J1$1UHII ll0JIIT)J0-

H0B C JJJeKTp0H8MH npoB0.1111M0CTll ll3MeillleTC>I HeM0H0-

T0HH0 a npe,nenax 40 ± IO%. Tipu JTOM JHa4eHJte FWHM = 
= 2,355a (w11p1111a Ha IIOJIYBbICOTe) yJK0ro rayccMatta oc­

T8BaJJ8Cb TIOCTOJlHHOH. ~ 17 '7 Mpa.u, a ero IIHTet1Cl1BH0CTb 

IIJMeHJJJiaCb TaK'/Ke B npe.n.eJtax (30- 50) %; aem1t.t11Ha 

FW1IM JlJ151 w11po1<oro raycc11a11a 11JMeHJ111acb m111eiitto OT 

~ 34,4 Mpa.u .uo ~ 29,7 Mpa,n np11 TIOCTOJlHIIOii MHTeHCIIBH0-

CTll ~ 26 %. 
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P11c. 4. H3Me11e1111e :meprmr <I>epM1i s Pb-Bi 1t Pb-Sn cnnasax 

B nom-rKp11CT8JlJ111LfCCK0M 11 lKHJlK0M C0CT0llHIIH 

Ha pMC. 4-6 np11se.neHbl paCC4HT8HHble no Te0pHM 

CB060)lHOro :meKTp0HH0f0 raJa 3Hat.teH1151 napaMeTp0B .llJlJI 

Pb-Bi M Pb-Sn cnnaaoa B n0JJHKpMCTaJIJllof'ieCK0M H )!(M.D,­

K0M C0CT0JIIDII1, a Tal()!(e JHa4eH1151, nonyt.teHHbJe Ha 0CH0Be 

JKCnepuMeHTaJibHblX )l8HHblX. 
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P11c. 6. H3Mette1111e Jq>cpci,.,HBHoii oaJICHTH0CTH o Pb-Bi n Pb-Sn 

cnJiaoax 8 non11KpllCT8J1Jlll'leCK0 M II lKll,'lK0M C0CTOllHllll 

113 p11c. 4-6 BH)lH0, 4T0 nony<1eHHbJe JKCnep11MeH­

TaJibHbte )l8HHble )l0CTaT0'UI0 xopowo C0Bna.ua10T C pe­

JYITbTaTaMM pac<JeT0B B paMKax M0)lCJJ11 cao60.n11oro JJleK­

T)J0llll0fO r33a, l1CXO)lll 113 nony4eHHblX peJyJJhTaT0B, M0)!(­

H0 c,nenaTb BbIB0Jl o TOM, "IT0 )lJ1$1 Pb-Bi M Pb-Sn cnnasos 

B II0JIHKpHCT8J1Jllf4eCK0M C0CT0JIHMM npHMeH11Ma M0tteJih 



CB060)lHOf0 '.)JleKTJ)OHHOfO ra:ia. )],ocTaTO'-IHO BblCOK3ll HH­

TeHCl1BHOCTb napa6orn1'-1eCKOH KOMHOHeHTbl no cpaBHeHHIO 

C rayccOBOM CBll)leTeJibCTByeT O TOM, ' ITO 8 nOID1Kpl1CTaJ1-

J1H'-leCKHX o6pa:n~ax n03IITJ)OH 33 C'-leT KYJIOHOBCKOfO npH­

Tji)KeHHll Bbl3bl83eT ysem1'-lett11e JIOKaJlbHOH KOHUeHTJ)3UHH 

:meKTJ)OHOB npOBO)lHMOCTH 8 o6JJaCTl1 aHH11fHJlllU1111. 

Pe3yJihT8TbI, nonY'-leHH1>1e .llllll Pb-Bi cnnasos a )KH.ll­

KOM COCTOllHIIH, HMe!OT 3H3'-leHHe 3Hepn111 <l>epMII npH­

MepHO Ha 5 %, a :>cjJcpeKTl1BHYIO BaJieHTHOCTb Ha 4-8 % 
MeHbille, '-leM npe,ncKaJhtaaeT J110)leJih cso6o.uHoro :>JieK­

TJ)OHHoro raJa. 3To 03Ha'-laeT, '-ITO oueHKH napaMeTJ)OB, 

nOJIY'-leHHblX B paMKax MO.Uellil cso60.u11oro :)JJeKTJ)OHHOro 

ra3a. D.llll D.3HHblX fornapHblX CHCTeM B )KH,!J.KOM COCTOllHHH 

OTJlll '-13IOTCll OT 3KCnep11MeHTaJlbHO H3MepeHHblX Ha 5- IO %. 

3aKmotJe1rne 

B pe3yJibTaTe npoBeD.eHHbIX 11cc11e.uoaatt11i-i Pb-Bi 

H Pb-Sn cnnaBOB MeTOD.OM aHHHfHJlllUHH H03HTJ)OHOB no­

Ka33HO cneJ1y101uee: 

- D.aHHhle fornapHble cnJiaBbl B nomtKpHCTaJIJIH'-leCKOM 

COCTOllHIHI npe.UCTaBJlll!OT co6ofi MeXaH11'-leCKHe CMec11; 

- a npe.uenax TO'-IHOCTH 3Kcnep11MeHTa noKaJaHa np11-

MeHHMOCTb MO,D.eJIII cao60,11.Horo 3JieKTJ)OHHOro ra:ia )1J1JI 

Pb-Bi H Pb-Sn cnnaaoa s non11Kp1-1crnnn11'-leCKOM cocTOll­

Htlll ; 

- noJJy<leHHble 3KCnep1tMeHTaJlhHbJe .uaHHble n03B0-

JllllOT c,11.eJiaTh BblBO.ll O <[aCTH'iHOH npHMeHHMOCTH MO.!ICJ111 

cao60J1Horo :>JJeKTJ)OHHoro ra:ia .DJill Pb-Bi cnnaaoa B )1(1111-

KOM COCTOllHl111. 

YaeJJH'-ICHHe CTaTl1CTl1'-leCKOH TO'-IHOCTH :>Kcnep11MeH­

TaJlbHblX H3Mepemill, ycoaepilleHCTBOBaH.He MeTO)lllKH 

npoae,11.eHHll 3KCnepm,l eHTOB 11 KOppeKUHH cneKTJ)OB yrno­

BOH KOppeJlllUIIH B )laJJbHeHWHX HCCJlellOBaHHllX H03B0JlliT 

yTO'-IHHTh yposeHh Ha6mo,naeMblX Pa.JJJH'-IHH Me)Klly Teope­

Tl1'-leCKHMH npeD.CKa.JaHHllMH H :>KcnepHMeHTaJlbHbl MH naH­

HblMH. 

Pa6oTa BbinOJIHetta np11 nollllep)l(Ke Pct>ct>l1 (npoeKT 

06-08-008 19-a). 
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Y.ll:K 621.039.514 

AHAJIH3 PA3JllflIHbIX 011.EHOK XAPAKTEPHCTHK 
B3AHMO.ll:EMCTBH.H EhlCTPhlX HEHTPOHOB C H30TOIIAMH YPAHA OT 232U .lJ.O 238U 

B. II. ropeJIOB, B. H. l:IJibHH 

<t>rYn "P<l>5Il.J.-BHI1I13<l>", 607188, r. Capos H11)Keropo.ncKoii o6n. 

nposeneH aH3JJH3 pa3JJll'IHblX oueHOK xapaKTepHCTIIK B3aHM0.!1eHCTBfUI 6blCTPblX 11e1rrpOHOB C ll.!1paMH ?J2- ZJRU . .[lJJJI Kal!Gloro HJ 
paCCMOTpeHl!bJX J!Llep HlliKHlUI rpaHirua 3Ha'!eHIIH JHepnrn HeiiTpOHa £ pacnonar3JlaCb Bb!We 06nacn1, B KOTOpoii npo,rnmnoTCJI pa3pe­
WCHHble pe30HaHCbl oue11eHHblX ce'!eHHii. U,eJJblO aH3Jlff3a 6brno BblJICHem1e COOTBCTCTBIIJI oueHOK HaKOnJJeHHbTM pe3yJJbTaTaM nmpcj>e­
peHUHaJJbHbTX 11 HHTerpaJJbHblX H3MCpemlii Ha 61,rcrpb!X HeiiTPOHax II peKOMeHnyeMblM Ce'!eHf!JIM. 

THE VARIOUS ESTIMATIONS ANALYSIS OF CHARACTERISTICS OF FAST NEUTRONS INTERACTING WlTH 
URANIUM ISOTOPES FROM 232U UP TO 238U / V. P. GORELOV, V. I. ILYIN // The various estimations analysis of characteris­
tics of fast neutrons interacting with nucleus 212-mu is lead. For each of the observed nucleus the bottom boundary line of neutron £ 
energy values placed above the area in which the solved resonances of the rated cross-sections become apparent. The purpose of the 

analysis was the clarification conformity of estimations to the cumulated results of the differential and integrated measurements on fast 
neutrons and to the recommended cross-sections. 

Bne,ueHHe 

B pa6oTe np1100.n.siTC.!I pe3yJJbTaTbl aHaJil13a oueHOK 

xapaKTepHCTIIK B3aH1',10.UeHCTBll.!I 6b1CrpbtX tteiiTpOHOB C .!l.!1-

paMH 
232

-
238U. XapaKTept1CTJ1KaMJ1 Mb! Ha3bJBaeM CC'ICHHJI 

pa3JJH'IHblX peaKUllli. 11 'IJICJla BTOp114Hb!X tteiiTpOHOB Ha 

aKT .neneHU.!I. Jln.si Ka,K.UOro 113 paCC1',10TPCHHblX .si.nep Hll)K­

H.!IJI rpaHHUa JHalfeHHii :)Hepnrn HCHTPOHa £ pacnonara­

nacb BblllJC o6naCTl1, 8 KOTOpOH npO.s!BillllOTC.!I paJpeUJeH­

HblC pe3oHaHCbl ouetteHHblX cetfeHHii. UeJiblO aHaJJHJa 6bt­

no Bbl.!ICHCHHC COOTBCTCTBl1.!I pacCMOTPCILHblX OUCHOK Ha­

KOOJlCHHbJM pe3yJJbTaTaM .UHCpcpepeHU11aJJbHblX 11 HHTe­

rpaJibHblX 113MepeHJ111 11 peKOMeHAYCMblM CC'ICHWlM. Jlm1 

HCOO/].B11)1(HblX 11 cso60AHblX .!IAep-MHUJetteft paCCMarp11aa­

JlllCb ouettKH 113 cospeMCHHblX aepc11il 6116m10TeK ENDL 

(CWA), JENDF (5Inott11si), ENDF/B (CWA) (.nn.si 

ENDF/B-7 ucno11bJOsanaCb j3.3 sepc11.si), JEF (Espone11-

CKHH co,oJ), BROND (Poccusi), ITMO (6enapycb) 11 

CENDL (KHP). 

AttaJJJl3 CBOIHUICSI K cpaBHCHHIO OUCHOK C pe3yJJbTa­

Tar,rn .n11cpcpepenmiaJlbHblX 11 IIHTerpaJJbHblX ll3MepeHHH, 

a TaK,KC C peKOMCHJ.lYCMblMII CC'!eHH.s!Mll. PeJyJJbTaTbl H3-

MepeHJIH COOTBCTCTBOBaJJH pe3yJJbTaTaM, ony6JlllKOBaHHblM 

s c6optt11Ke [I], a TaK,Ke a pa6ornx (2-7]. PeKOMeH.nyeMble 

ce4CHHSI ony6JIHKOBaHbl 8 pa6ore [ 8]. OnepaTHBHOMY Bbl­

nom1eHIIIO aHa11113a c11oco6cTaosa110 11c110J1b30BattHe npo­

rparn,1b1 Mette.n)Kep NDX [9], pa3pa60Tattttoii a MaTeMant­

lfCCKOM OT.llCJlCHJti1 P<l> 5Il.J.-BHI1J13<l>. 

.[t11cpcpepeHUl1aJlbHb!MH Mb! 6y.n.eM 11a3b!BaTb H3Mepe­

Hl1JI Ha MOHO)HepreTl1lfCCKl1X tteilrpoHax; HHTerpaJibHbl-

49 

MH - 113MepeHl1JI ce'ICHl1tt, paBHOB3BCWCHHbJX Ha KOHKpCT­

HOM JHepreTl1'1CCKOM HHTepsane, m160 113MepeHll.!I Ce4e­

Hl1tt, ycpe.ntteHHblX no cneKTpy HCHTPOHOB CTIOHTaHHOro 

.UCJICHl1JI 
252

Cf. 

Tipu aHan113e Mb! npH.11ep)KJ1BaJ111Cb cne.ny1-0IU11x npa­

BIIJl cpaBHCHHJI OUCHOK C pe3yJlbTaTaMH H3MepeHHH. Ecn11 

KOJJH'iCCTBO pe3yJlbTaTOB .L{HtpcpepeHUl1aJlbHb!X 113MepeHHH 

OlfCHb BCJJl1KO H OHH H3MCH.!IIOTCSI HCMOHOTOHHO np11 H3Me­

HCHHH £, TO 8 Ta6JIJ1ue cpaBHl1BaJ111Cb cetfeHHJI, pasHO­

B3BeUJeHHblC no HCCKOJlbKHM 11J!TepaaJJaM 113 o6JJaCTl1 3Ha­

lfCHHtt £, 8 KOTOpOH 6hlJil1 rrpose.n.ettbl H3MepeHH.!I, H COOT­

BCTCTBYIOlUHC n1160 o6c~)laCMhlM OUCIIKaM, ;rn6o pe3y11b­

TaTaM 113MepeHl1tt. PaBH083BCUJCHl!Oe Ha KOHKpeTHOM 

}-liHTepsane CC'ICHJIC Bbl411Cill!Jl0Cb no cpopMyne 

E;-1 

f a(E)dE 
E 

(J . =-,--) ___ _ 

J (E1_, -E1) • 

r.ne cr(£) - n1160 paccMarp1rnaer,rn.si oueliKa JHeprCTHlfe­

CKOii 3UBl1CHMOCTl1 CelfeHtul, JJH6o 3Ha4CHl1JI Csmax H CSrnin, 

COOTBCTCTBy1ow11e pe3yJlhTaTaM .n11cpcpepeHUl1aJlbHblX 113-

MepeHlltt .UJIJI paJJlll'IHbJX £ 113 paccMarpuaaeMoro HHTep­

aana, E1 11 E1 I - HH)KH.!IJI H sepXHJl.!1 rpaHHUbl 11HTepsana. 

Onpe.neJICHll.!I Csma:1. 11 Csrnin 6y.nyT .nattw HlDKe. 

Op11 3aMCTHOM KOJIJl'iCCTBC pe3yJibTaTOB J.llicpcpepeH­

UllaJlbHblX 113MepettuH H IIX f!JJaBHOH 3a811CHMOCTl1 OT £ 
cpaaHeHJte C OUCHKaMH npOBOAIUJOCb rpacpu•1ecKH. TipH 

ne.noCTaTO<JHOM KOJIJl'leCTBe peJynbTaTOB .n11cpcpepeR1.J,H-



aJibHb!X IIJMepeH11fi 11 11p11 OTCyrCTBlll-1 B COOTBeTCTBYIOIUIIX 

11y6m1KaUIUIX CBe}le1111i1 O JlOCTIII'HyrhIX 11p11 113MepeHJUIX 

'.>HepreT11'1eCKIIX pa3peweH1HIX 11£ 3TH peJyJibTaTbl cpaB-

1111BaJil1Cb C oueHKal\HI JlJUI yKa3aHHblX B ny6mtKaUIUIX JHa­

'leHIIII E um-1 rpaqm4ecK11, 11m1 B Ta6n11ue. B TOM )Ke cny­

<1ae, HO 11p11 HaJlll'IHII B 11y6m1Kauw1x JHa'leHlUJ, JlOCTHI'lly­

TbJX npH 113MepeH!UIX JHepreTH4eCKI-IX pa3peweH11fi 11£, 
C peJyJJbTaTaMH .uwj.><jJepe11uua;1bllblX HJMepeHIIH B Ta6m1ue 

cpaBHl1BaJIHCb COOTBeTCTB)'l01Ul1e o6CYlK,!laBWIIMCJl ouettKaM 

cpe.UHHe ce'le1-lID!. Cpe;mee ce'!eH11e Bhl'-!IICJl.!IJIOCh no cjlop-

111yne 

Emax 

f cr(c)G{c, £,t,,.£) de 

a(£) = _£_m_11_1 -------­
£max 

f G(c,E,M)dc 
Emm 

r}le cr(c) - paccMa-rp11aaeMaJ1 oueHKa ::lHepreTH'lecKoi1 Ja­

BHC11Mocrn ce'!eHHJl, G(c, £, t,,.£) - Hop111anbHoe pacnpe.ue­

nem1.e BeJil1'·lllHbl f, C MaTeMan1<1eCKIIM Q)KJ,J}lam1eM, paB­

HblM JHepnrn HettTpOHa £, npH KOTOpoi:\ npoBe}leHO HJMe­

pemt.e, II CTaHJlUpTHhlM OTKJIOHeH11eM s, CBJl3aHHbJM C 11£ 
npoCTblM BblpalKeH11eM 

s = 2Jln{4) · 

Tip11 nony<ieHHII JTOro Bblpa)l(eHl!Jl npl!HJITO, '!TO 11£ eCTb 

w11p1rna HOpMaJibHOro pacnpe.UCJICHHJI Ha llOJIOBHlle ero 

BbJCOTbl. HIDKH11H 11pe.uen 1111Terp11poaaH11.11 Ernin paaeH 

MIIHHMaJibHOH JHeprm,1 Hanerniomero HeHTpOHa B pac­

CMaTp11BaeMOl1 oue11Ke, a aepxH11i1 npeJleJI Ernax - MaKCH­

MaJJbHOH JHeprm-1 HeHTpOHa B JTOil )Ke oueHKe. 

C peJyJlhTaTaMH HIITerpanbHblX H3MepeHHJ1 paBHO­

R3BellleHHblX cettelillll B n16mmax cpaBHIIBaJll1CI, paBHO­

B3BeweHHble ce'!eHHJI, nonyL1ettHhle no o6cy-,K,UaeMbIM ouett­

KaM Ha COOTBeTCTByIOIUl1X paccMaTpl!BaeMblM H3MepeHJUIM 

IIHTepaanax C flOMOIUblO np11Be,'.le1rnoil Bb!We cjlopMyJlbI. 

Ecm1 B KOHKpenmfi 06naCT11 JHaYeHltll £ npoae.uetth1 11 

Jll1Cj>cpepeHUHaJJbHble HJMepemUI ce'JeHllil, H HJ-ITerpallhHble 

HJMepeHlUI paBHOBJBeweHHbJX ce4em1i1, TO COITOCTaanem1e B 

JTOil o6Jiacru ypOBHeil coorneTCTBIUI o6CYlK,!laeMblX oueHOK 

pe3yJ1bTarn111 Ka)K,loro HJ TIIIIOB IIJMepCHllil IT03BOJ1JleT npo­

BeCTJ1 6onec TIUaTCJlbHOC BblllCHCHJte Ka'-!CCTBa OUCHOK. 

C pe3ynhTarnM11 IIHTerpaJJhllbIX IIJMepeHHH ce4e1111il, 

ycpCJlHCHHbl)<. no JHeprenIYCCKOMY CIICKTPY Hei1TpOHOB 

cnOHTaHHOro ,LlCJICHllll 
151Cf, II C peKOMeu.uyeMblMII TaK 

ycpe/(IICllllblJ\111 CC<JCHllllMII cpaBHHBaJJIICb ycpeimemtble no 

JTOMY cneK-rpy OUCHKII ce'JeHIIH. TTpH ycpeJlHCH1111 oueHKH 

ce4CHJUI Mb! npltMeHJIJIII annpoKCIIMaUHIO JHepreTll4CCKO­

ro cneKTpa HCttTJ)OHOB CllOHTaHHOro )lCJleHIIJl 
252Cf, 11pe.u­

JIOiKCHHYlO B pa6m e [ I OJ KaK cTaHnapT. 

Ecmt KOJlll'ICCTBO pCJYJ!hTaTOB HHTerpanbHblX ll3Me­

pe1-111it ceye1111il, ycpe,UHCHHblX llO JHepreTll'JCCKOJ\IY cneK­

TPY 1-1eiiTPOHOB cn0Hrn1rnoro .uene1111J1 
151Cf, 11peab1waJ10 2. 

TO oueHKJI TaKIIX ce11e1111ii cpaBHI-IBaJIIICb II co cpe.utte­

B3BeWCHllblMH 110 pe1yJ1hTarnM JIJMepe1mit ceLJeHIUIMII, 

BblYHCJIJIBWIIMHCJl 110 qiopMyne 
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n=I 

r}le N - KOJIH'JeCTBO H3MepeHIIH, Cs,, 11 oCsn - peJyJJbTaTbl 

IIJMepe1111il 11 HX OWH6KH. 

PeJyJlbTaT H3Mepe1-1wi1 npeJlCTaBJIJIJICJl B BH,!le JlByx 

JHa'lemrn 

Cs max = Csexp + oCsexp ' 

Csmm = c.~·exp - oCsexp, 

r.ne Csexp - ony6mucoBaHHM H3MepeHHM aemr'll!Ha, oCsexp -
norpeWHOCTb HJMepeHHH. AHanOrH'-IHOe onpe}leJieHHe HC­

ITOJlb30BaJIOCb H .UJ1Jl peKOMeH}lyeMblX CC'JeHMH. 

.[lJIJl cpe,atteBJBellleHHblX Ce'JeHHH 

Csrnax = (Cs)+ o( Cs) , 

Csmin =(Cs)-o(Cs) 

3Ha'-!eHHJl Csrnax II CSmin orpaHH'IHBalOT o6naCTb JHa­

'JeHHH xapaKTep11cTHKH, cornacy1om11xcJ1 c pe3ynhTaTOM 

113Mepe1-111H (11m1 C peKOMeH}lyeMblM Ce'JeHHeM). Ecnn HH 

J(JIJI O.UHOit H3 o6cylK.uaeMblX oueHOK cornaCHJl HCT, HO KOH­

KpeTHall oueHKa pacno11o)Ke11a tta1160J1ee 6mt3KO no cpaa-

11e1-111io C .upyrm,IH oue11KaMH K O}ll-lOH H3 BCJIH'-IHH, Csmax 

IIJllt Csrnin, Mbl CYHT8Jll1, 410 01-18 pacnOJIO)KeHa HaH6onee 

6JIH3KO K peJyJlhTaTY H3MepeH11H (HJUI K peKOMeH.uyeMOMY 

ceYeHHIO). TmutM o6pa30M, npH cpaBHeHJ-!JlX 110.U COOTBeT­

CTBIICM OUeHKH pe3yJlbTaTy MJMepeHHH (~UlH peKOMeH,!lye­

MOMY ce'JeHHIO) Mbl ITOHHMaJIH Jllt6o cornac11e OUCHKl1 

C HHM, JI1160 paCITOJIO)KeHJle Ha 6J11UKaiiweii K HeMy ll03H­

UH11 no cpaBHCHHlO C .upyrm,111 OUCHK3Ml1. 

1. PeJyJibTaTM auaJIHJa 

fl JTOM pa3}lCJJe .ll]UI Ka)l(}lOI'O HJ paCCMOTpeHHblX Jl,Uep 

6y,ueT .uaH C1111COK 8HaJIH311posaBllll!XCJl OUCHOK, yKaJaHa 

Hl{)l(HJ!Jl rpam1ua paCCMOTpeHHblX 3Ha'JCHHH JHeprttH 1-1efi-

1'pOHa £, npHBCJlCH nepe4CHb YLJTCHl-lblX npH a1-1an113e pe-

3YJlbTaTOB H3MepeHHII II HU3BaHbl oueHKlt, Jly<IWHe no 

ypoBHIO COOTBeTCTBHJl pe1yJ1bTaTaM Tex HJIH IIHblX H3~tepe­

HIIH 11 peKOMett}lyeMblM CC'!eHllJIJ\1. KpoMe Toro. 6y.uyr yKa­

JaHbl cny<ia11. KOfJla pe3yJlhTaTbl l13MepeHHH 6h1J1H 011y6J1H­

KOBUHbl B CJlllHCTBCHHOil pa6oTe, 1. e. CJiy'!aH )leqi11u11rn 

)KCnepJLMeHTaJlbHblX t(aHHblX. 

1.1. Ce•1e1111e Aenemrn HJlpa 232U 
6blCTpblMH HenTpo11a11111 

BhmonHeH aHan11J ouettoK JENDL-3.3, ENDF/B-7 11 

JEF-3 ce4em1J1 }le11eH11ll llJlpa 
212U 6btCTJ)blMH 1-1eil-rpoHaM11. 

Mb1 C'-IHTil.llll, '-!TO JHepn1J1 6b1c-rpb1x HeilTpOHOB £ > 0,00 I MJB. 

A11an113 11pOBOJlHJICJl nyreM cpaBHCHHll oueHOK C pe3yJJbTa­

TaMH .llJlcpcjiepeHUHaJJhHblX H3MepeH11i1. B HaweM pacnopll­

)l(CHIIH 6btJIH pe3yJlbTaTbl Jll1cjJcjJepeHUHaJibHhlX HJMepeHHH 



-
ce<ieHl1JI }leJJeHl1ll Ha HHTepaane OT 0,06 Jl0 7,4 M3B 11 np11 
:1Ha<ieH1111 E = 14,7 MJB. PeJyJJbTaTbl 113MepeH11H npyrnx 
xapaKTepllCTllK B3al1MO}leHCTBl1ll 6bICTPblX HellTPOHOB 

'3'u C llJlp0M - - HaM HelBBeCTHbl. 
Ha HHTepaane OT 0,06 no 7,4 M3B 3Ha<ieH11H :rnepnm 

HeHTP0Ha E oue11Ka ENDF/B-7 cooTBeTcrnyeT peJyJJhTa­
TaM n11cpcpepeHUH8JlhHhlX 113MepeHMII nyqwe .nayx .npyrnx 
oueHOK. OueHKH JENDL-3.3 11 ENDF/B-7 JaHHJKeHbl no 
cpaBHemuo C ony6JJl1KOBaHHblM B em1HcTBe1HIOH pa6oTe 
peJyJihTaT0M HJMepeHHll np11 JHa<ieHHH E = 14,7 M3B, HO 
e!lle 6onee 3a1111)KeHa oueHKa JEF-3. J1yqweii oueHKOfi ce­
<iemtll .neneHHll MO)KHO Ha:iaaTh oueHKY ENDF/B-7. 

1.2. XapaKTepHCTIIKII B3311MOJ].CHCTBHH 

6b1CTpb1X IICHTpOIIOB C H.llpOM 
233U 

Bbrno11HeH aHanHJ oueHoK ENDL-84, JENDL-3.3, 
ENDF/B-7, JEF-3, ITMO-1 11 BROND-2 xapaKTepucrnK 
B3al-l~IO.lleHCTBJ,U! 6bJCTPhlX HeHTJ)OHOB C ll.llp0M 233U. Mbt 
nonaranH, <iTO 3HeprJ,U! 6bICTJ)hJX ueHTJ)OHOB E > 0,00 I MJB. 
AHamt3 npOBO.llHJICll nyreM cpaBHeHl!ll oueHOK C pe3yJJhTa­
TaMH H3MepeHHH. Mbs pacnonaran1-1 cne.nyi<>llll1MH pe3y1lh­
TaTaMH: 

- n11cpcpepeHUHaJlbHblX 113MepeHl!tt ce<ieHHll .neneHIUI 
e 06nacT11 OT 0,00 I .no 19,6 MJB; 

- HHTerpanbHhlX 113Mepemrn cel.feHHll .neneHHll, paBH0-
BJBeweHH0r0 Ha HeCK0JlbKl1X HHTepaanax H3 06nacT11 OT 
0,00 I .no 0,2 MJB; 

- HHTerpanbHhlX H3MepeHHH CelfeHHJI .neneHHll, yc­
pe.uHeHHOro no cneK1py HeHTPOHOB Cil0HTaHHoro .neneHl1JI 
252Cf; 

- .1111cpcpepeHUllaJibHblX H3MepeHJrn ce<ieHJUI B036YJK­
.neHHll yp0BHJI C JHeprnefi 0,0404 MJB np11 3Ha<ieHHJIX £ = 
= 0,7 MJB H £ = 1,5 MJB; 

- .1111cpcpepeHUllaJJhHblX 113MepeHIUI cel.feHJill B036YJK­
.neHlUl ypoBHJI c JHeprne,ii 0,092 MJB npu JHa<ieHHH £ = 
= 1,5 MJB; 

- .nucpcpepeHUHaJJhHblX HJMepeHHH ce<ieHHJI ynpyroro 
paccel!Htill npH 3Ha'-!eHHllX £ = 0, 7 M3B 11 £ = I ,5 MJB; 

- .UHcpcpepeHUI18JlbHhlX HJMepeHHH CelfeHlUl pa.1111au11.-
0HHOro Jaxaarn Ha HHTepsane OT 0,00 I .no 0,002048 MJB 
Ha o6nacrn OT 0,03 .no I MJB; 

- m1cpcj>epeHu11anhHhlX HJMepe1rnfi non11oro ce'-!eH11J1 
a3a11Mo.11e.ricrnHll a o6nacm OT 0.00 I .no 20 MJB; 

- .n11cpcpepeHu11aJ1bHblX ll3MepeHHII lfHCJla BT0pH'-IHblX 
Ml'HOBeHHhlX HefiTPOHOB Ha aKT .neneHHll 8 06nacn1 OT 0,07 
.no 4,89 M1B u np11 JHa'-!eHlUlX E = 14 MJB, £ = I 4, I MJB, 
£ = 14,8 MJB 11 £ = 15 MJB; 

- lIHq>cpepeHUHaJihHblX ll3MepeHHii lfllCJJa BTOplllfl-lblX 
3a11aJ,!lb1Ba10ll.(llX HeihpOHOB Ha aKT .nenemui 8 o6naCTll OT 
0,05 .no 6,9 MJB 11 np11 JHalf.emm £ = 14,9 M3B; 

- .nmpcpepeHUllaJJbHblX HJMepeHHH rlOJIH0fO '-IHCJ!a 
BTOplllfHblX tteiiTPOHOB 11a aKT .neneHlUI 8 o6nacrn OT 0,07 
.no I .56 MJB. 

B o6nacrn OT 0,00 I .no 0,2 MJB peJyHbTaTaM .n11(j>cj>e­
peHu11ar1bHhtX HJMepeHHil cel.feHHll .neneHHll nylfwe C00T­
BeTCTBYIOT oueH.K11 JENDL-3.3, JEF-3 11 BROND-2, a 
a o6nacrn OT 0.2 .no 0,5 MJB oueHKJt ENDL-84, JENDL-3.3 
11 BROND-2 coorneTcrnyioT JTl1M peJyJJhTaTaM nyqwe 
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oueH0K ENDF/B-7, JEF-3 H oco6eHHo ITMO-1. B o6nacTH 
OT 0,5 JI0 8,05 MJB JHa'-!em1fi E HJ-Ja pa:16poca peJyJJhTa­
TOB .n11cj>cpepeHUllaJlbHblX 113MepeHl1H ce'-leHl!JI neneHHJI 
pa3Jll1lf.HblX aBT0pOB ace 06cylK}laBw11ec11 oueHJOI CO0TBeT­
CTBylOT 3THM pe3yJJbTaTaM, B 06nacn1 OT 8,05 .no 11,8 MJB 
peJyJlbTaTaM .!lH<pcpepeHUHaJlhHblX H3MepeHHH nyqwe co­
OTBeTCTByeT oueHKa ENDF/B-7, a a o6nacrn oT 11,8 .no 
19,6 MJB - oueHKa JEF-3. Pe3yJJbTaTaM HHTerparthlihJX 
HJMepeHlUI ce'-leHH1! .neneHI1JI, paBHOBJBeWeHH0ro Ha He­
CK0JlbKHX 11HTepaanax H3 o6nacrn OT 0,00 I .no 0,2 MJB, 
'-!a!lle cooTBeTCTBYeT ouettKa BROND-2. ConocTaBJ111ll :>TOT 
Bb!B0.!l C BblBOllOM, c.nenaHHblM np11 o6CYJKllCHHII COOTBeT­
CTBl1JI oueHOK pe3yJJhTaTaM n11<jl<jlepeHUH8JlhHhJX H3Mepe­
Hl1H ce<ieHHll .neneH11J1 a 06nacT11 OT 0,00 l .no 0,2 MJB, 
np11X0.!ll1M K JaKJIIO'-leHHIO, '-!TO B JTOH o6naCTl1 pe3yJJbTa­
TaM 11 .1111cp<jlepeHUHaJlhHblX, l1 HHTerpanhHblX H3MepeHl1_H 
JToro ce'-!eHHJI nyqwe coornercrnyeT oueHKa BROND-2. 
PeJyJJhTaTaM HHTerpanbHblX H3MepeHHM CelfeH1111 .neneHl!ll, 
ycpellHeHHOro no cneK1py HeMTJ)OHOB Cil0HTaHH0ro .nene­
HHll 252Cf, nylfllle npyr11X C0OTBeTCTByIOT oueHKH JENDL-3.3 
M JEF-3. 

OueHKa ENDF/B-7 coornercTByeT pe3yJ1hTaTaM JIHcp­
cpepeHUHanhHbIX l13MepeHllH cel.feHHJI B036yJK.neHHll yp0BH11 
c JHeprneil 0,0404 MJB npu JHalfeHH11X E = 0, 7 MJB 11 E = 

= 1,5 MJB nyqwe .npyrnx oueHoK. 3TH pe3ynhTaTbl ony6-
n11K0Battb1 B e1111HCTBeHHOH pa6oTe. B ENDL-84 npouecc 
Heynpyroro paccel!HH11 11ew-rpo110B npen.cTaBnett KaK npo­
uecc B036YJKneHHJI T0JlbKO K0HTHHyyMa ypOBHeH. 

Ony6J1HK0BaHHOMY B e.nHHcTBeHHoil pa6oTe pe3ynbrn­
TY .!ll·HpcpepeHUHaJJbHhlX 113MepeHHH ce'-!eHHll B036yJK.neHl1ll 
ypoBHJI c JHeprneil 0,092 M3B np11 JHalfeHHH E = I ,5 M3B 
J1Y4we cooTBeTCTBy10T oueHKH JENDL-3.3, ENDF/B-7 11 

JEF-3. 
C pe3ynhrn-ra11-111 .nHcp<j>epeHIJ.HaJihHhJX 113MepeHHil ce­

'-!eH1111 ynpyroro pacce11H11ll cornacyeTCll np11 3Ha'!eHHJI 
E = 0, 7 MJB TOJJhKO oue11Ka ENDL-84, a np11 3HalfeHIDt 
E= 1,5 MJB-TOJlhKO oueHKH JENDL-3.3, ENDF/B-7, JEF-3 
11 BROND-2. Pe3yJ1bTaTbl 113MepeHHii ony6n11Kosattbl 
a e.LHLHCTBeHHOH pa6oTe. 

Ony6JJHKOBaHHhlM B e}lllHCTBeHHOH pa6oTe pe3ynbTa­
TaM .n11cpcpepeHUHaJlbHblX H3MepeHHii Ce'!eHHll pan11au110H­
Horo 3axaarn Ha HHTepaane OT 0,00 l ll0 0,002048 MJB 
ny'-lwe coorneTcrnyeT oueHKa BROND-2, a pe3yJJbTaTaM 
TaKllX )Ke HJMepew1ii noro ce'-!emui a 06nacn1 OT 0,03 .no 
I MJB, TaK)Ke ony6JrnKosattHhJM a e.n11HcTBeHHOH pa6oTe, 
nyqwe coorneTcrnyeT oueuKa ENDF/B-7 . 

Ha 1111Tepaane OT 0,00 I .no 0,04 MJB oueHKH ENDL-84, 
JENDL-3.3, ENDF/B-7, ITMO-1 11 BROND-2 cooTBeTCT­
BYIOT pe3yJlbTI1TaM .nucpcpepeHUllaJlbHblX 113Mepettm1 IlOJI­
HOfO ce'!ettrIB a3aHMon.eikTe1u1 nyqwe oueHKJI JEF-3. Co 
eceii COBOKYrlHOCThlO peJyJibTaTOB TaKllX 113.Mepemtil rnro 
lKe ce•1e1UU1 a 06;1aCT11 OT 0,04 .no 20 MJB oueHK11 JENDL-3.3, 
ENDF/B-7, JEF-3 11 BROND-2 cornacyIOTCll nyqwe oue­
H0K lTMO-1 11 oco6eHHO ENDL-84. uo Ha 11HTepaane OT 
0,04 .no 0,5 MJB xy.nweii no ypoamo COOTBeTCTBIIB pe-
3YJJbTaTa.M l13MepeH11il 11a;IBeTc11 T0JlhK0 oueHKa ENDL-84. 

B 0611acTH OT 0,07 .no 4,89 M:>B oueHKH JENDL-3.3, 
ENDF/B-7, JEF-3, lTMO-1 11 BROND-2 cooTBeTCTBYIOT 
pe3yJJbTaTaM m1cpcpepeHUHaJlhHblX 113MepeHHH 411.CJta BTO-



p114HhlX MfHOBCHHblX HCHTJ)OHOB Ha aKT .!ICJlCHilll nY4we, 
'iCM oueHKa ENDL-84. C pe3yJibTaTaMH H3MepeHHH TOH )KC 
xapaKTep11CT11K11 npH 3Ha'ieHHJIX E = l 4 M38 H E = l 5 MJB 
cornacyIOTCll oueHJOt ENDL-84, ENDF/8-7, JEF-3, ITMO-1 
H BROND-2, K pe3yJibTary H3MepeHHH npH 3Ha'ieHHH E = 
= 14,1 M3B HaH6onee 6JIH3KH oueHKJ1 ENDF/8-7, JEF-3, 
ITMO-1 11 BROND-2, a c pe3ynbTaToM H3MepeHHH npH 
3Ha'ieHHH E = 14,8 M38 cornacyIOTC'1 ace o6Cy)l(.!laBWHCCJI 
OUCHKH. PeJyJibTaTbl 113MepeH11H npH 3Ha'iCHl1'1X £ = 
= 14 M3B, E = 14,1 M3B, E = 14,8 M3B 11 E = 15 M3B 
ony6n11KOBaHbl Ka)l(.llOC e e,!UIHCTBCHHOH pa6oTe. 

Bee 06cy)l(.!laew11ecJ1 oueHKJ1 (a oueHKa ENDF/8-7 
nocne acnpaBJICHHH) cornacyIOTC'1 co aCCMH pC3YJibTaTaMH 
.!1HqJ4JepeHu11aJibHblX H3MepeHHH 'iHCJia aTOp11'iHblX 3an9.3-
.llbI88IOUIHX HCHTJ)OHOB Ha aKT .!lCJlCHHJI B o6naCTH OT 0,05 
.llO 6,9 M3B H npu 3Ha'iCHHH E = 14,9 M3B. B oueHKe 

ENDF/8-7 3TOH xapaKTepHCTHIOI np11 3Ha'ieHHJIX E ~ 14 M3B 
.nonymeHa owa6Ka - xapaKTepHCTHKa 3aeb1weHa Ha nopll­
.llOK. Tiepe.11 cpaBHCHilllMl1 C pe3yJibTaT8MH 113MepeHHH Mb! 
yc-rpaHl1JIH 3TY ow116Ky. 3aMCTHM, 'HO npH 3H8'iCH!i'1X 
E ~ 14 MJB no 3Toii np11'i11He 11cnpaeneHID1 .llOJI)l(Hbl 6bm, 

BHeceH.bl 11 a oueHKY ENDF/8-7 nonHoro 'iacna eropa'i­
HblX HCHTJ)OH.OB Ha aKT .neneHIDI. 

TipaKTH'iCCKM co aceMH pe3ynbT8TaM11 .aaqiqiepCHUH­
aJibHblX HJMepeHHH n0JIHOro 'iHCna BT0p11'iHblX HCHTJ)OHOB 
Ha aKT .neneHIDI cornacyIOTCJI T0JibK0 0UCHKl1 JEF-3, 
ITMO-1 a BROND-2. 

Tipoee.ueHHhJH aHaJIH3 He ab1J1811Jl 0UCHKY, KOTOpall 
JIBHO npeeocxo.n11Jia 6b! OCTanbHblC 113 o6cy)l(.llaBWHXCJI 
0UCHOK no yp0BHIO COOTaCTCTBIDI eceit C0B0KYITH0CTl1 pe­
JynbTaT0B H3MepCHl1H, K0T0pb!Ml1 Mb! pacnonaran11. Cpem-1 
nY4WHX no 3T0MY KpI1Tepa10 'iaUie 0K9.3b!B8CTC'1 OUCHKa 
ENDF/8-7. OHa ycrynaeT oueHKaM JENDL-3.3 11 JEF-3 no 
yp0BHIO COOTBCTCTaHJI pe3ynbT8TaM 113MepeHl1H CC'iCHHJI 
.ueneHHJI a oueHKaM JEF-3, ITMO-1 a BROND-2 no ypoa­

HIO C00TBCTCTailll pe3yJibTaTaM 113MCpCHl1H nonHoro 'il1CJia 
BT0p114HhIX HCHTJ)OHOB Ha aKT .neneHMR. KpoMe Toro, cne­

.uyeT nOMHl1Tb 06 OWH6Ke npH 3Ha'iCHHJIX E ~ 14 M3B 
e oueHKe ENDF/8-7 'iacna erop11'iHbIX 3anaJ.ub1aa10max 
HCHTJ)OHOB Ha aKT .llCJlCHilll H, KaK CJIC.1lCTa11e, nOJIHOro 'iHC­
na BTOpH'iHblX HCHTJ)OHOB Ha aKT .llCJICHilll. 

1.3. Xapa1uep11CTIIKII peaKUIIII ,!leJJeHHH H,!lpa 234U 
6blCTpb1MII HeiiTpOH3MH 

Tipoee.aeH aHanaJ oueHoK ENDL-84, JENDL-3.3, 
ENDF/8-7 11 JEF-3 xapaKTep11crnK peaKUHH .neneHI1iI R.npa 
2J4U 6 - M blCTpb!MH HCl1TJ)OHar.111. bl C'il!TaJJH, 'iTO 3HepnU1 
6b1c-rpb1x Hett-rpoHoe £ > 0, I M:>B. AHan113 ocymecTBJJJIJJCJI 
11yreM cpaBHCHJ,IJI OUCHOK C pe3yJJbTaTaM11 .llHCpcpepeHUH­

a.JlbHblX H IIHTerpanbHOfO 113MepeHIIH. B HaweM pacnopll­
lKCHIIH 6b!Jlll peJyJibTaTbl .1.n1cpcpepeHUllaJ1bHbl)( HJMepeHiltt 
ce'iCHJU! .neneHHJI e o6nacrn OT 0, I 00 I .no 18 M :>B, pe3ynb­
TaT llHTerpanbHhlX 113MepeHHJ1 CeLJCHJ,IJI .neneHJ,UI, ycpe.n­
HCHIIOfO no cneK-rpy HCIITJ)OHOB C!l0IITaHH0fO .!lCJICHIIJI 
252

Cf, H peJyJibTaTbl JllHpcpepeHUllaJlbHblX IIJMepeH11tt 'iHCJJa 
BTOpH'iHblX MfHOBCH.HhlX HCHTpOHOB Ha aKT .neJICHIUI B 06-
nacrn OT 0,99 .no 4,02 M:>B. PeJyJJbTaTbJ 11JMepeH1111 .upy-
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rax xapaKTCpHCTHK aJaHMO.!lCHCTBilll 6bICTJ)bIX HCHTJ)OHOa 
C .R.llpOM 234U H8M HCH3aCCTHbl. 

Pe3yJibTaTaM .llHq><pepeHUHaJibHblX H3MepeHl1H CC'ie­
HHJI .!lCJICHilll a o6nacrn OT 0,1001 .110 0,14024 M3B ny'iwe 
cooTeeTcrnyeT oueHKa ENDF/8-7. B 06nacT11 OT 0,14 .no 
14,74 M3B OUCHKH ENDF/B-7 H JEF-3 JIY'{WC OUCH0K 

ENDL-82 11 JENDL-3.3 cooTaeTCTayIOT pe3yJibTaTaM .u11qi­
qiepeHu11anbHbIX H3MepeHHH CCLJ.CHl{JI .ueneHilll. B o6nacrn 
OT 14,74 .!lO 18 M3B ace 06cy)l(,!laawHecJ1 OUCHKH JaBbIWe­
Hbl no cpaBHCHHIO C pe3yJibTaTaMH .llHq><pepeHUHaJibHbIX 
H3MepeHHit Toro )l(C CCl{CHIDI. C ony6n11KoaaHHblM a C.!lKH­
CTBCHHOH pa6oTe pe3yJibT8TOM HHTCrpaJibHblX H3Mepem,1it 
CC'iCHIDI .!lCJICHIDI, ycpe,!IHCHHoro no cneK-rpy HCHipOHOa 
cnoHTaHHOfO .llCJICHIDI 252Cf, cornacyIOTCJI TOJ!bKO 0UCHKH 
JENDL-3.3 H ENDF/8-7. 

OueHKH JENDL-3.3 H ENDF/8-7 cooTeeTcTey10T pe-
3YJibTaTaM .llHq><pepeHU11aJibHbIX H3MepeHHH 'iHCJia aTOpH'i­
HblX MfHOaCHHbIX HCHlpOHOB Ha aKT .llCJICHHJI JIY'iWe OUCH­
KH ENDL-84. PeJym,TaTbl H3MepeH11it ony6nHKOBaHbI 
a C.1lHHCTaCHH011 pa6oTe. B JEF-3 OUCH.CHO TOJibK0 IlOJIHOe 
'iHCJIO aTOpH'iHhlX HCHlpOHOB Ha aKT .!ICJICHIDI. 

TIO aceii COaOKynHOCTH pe3yJibTaTOa .llH<p<pepeHUH­
aJibHblX H 11HTerpanbHOfO H3MepeHHH, KOT0pblMH Mb! pac­
nonaranH, HM JIY'{we cooTaeTcTeyeT oueHI<a ENDF/8-7. 

1.4. XapaKTepHCTHKH B33IIMO,!J.eHCTBHH 

6bJCTpblX HeihpOHOB C H.lJ.pOM 235U 

BbIIlOJIHCH 8HaJIH3 OUCHOK ENDL-84, JENDL-3.3, 
JEF-3, ENDF/8-7, BROND-2 a CENDL-2 xapaKTep11crnK 
aJaHMO.llCHCTaHJI 6blCTJ)blX HCHTJ)OHOB C .R.UpOM 235U. Mb! 
C'il1TaJIH, 'iTO 3HaLJ.eHli'1 :meprHH 6blCTJ)bIX HCHTJ)OHOa 
E > 0,003 M3B. 

Attan113 npOBO.IIHJICJI nyreM cpaBHCHIDI OUCHOK C pe-
3YJibTaTaMH 113MepeHHH. Mb! pacnonaraiu1 cne.ny10m11M11 
pe3yJibTaTaMli: 

- .u11¢¢epeHUHaJibHbIX H3MepeHHH CC'iCH.illl .IICJICHilll a 
o6nacTH OT 0,003 .uo 20 M:>B; 

- HHTCrpaJibHbIX H3MepeHHH CC'iCHHJI .11enett11J1, paa­
H0a3BCWCHH0f0 Ha HCCKOJibKHX HHTepeanax H3 o6JiaCTH OT 
0,003 .110 1 M3B; 

- 11HTerpanbHbIX 113MepeHHH CC'iCHIDI .11eneH.l{JI, yc­
pC./IHCHHOro a cneK-rpe HCHTJ)OHOa CITOHTaHHOro .IICJICHH'1 
is'Cf - • H TaK ycpe.nHCHHhIM peK0MCH.!lYCMblM CC'iCHHCM .ne-
JICHHJI; 

- ,1mcpcpepeHUHaJ1bHblX H3MepeHHH nOJIHOfO CC'iCHIDI 
tteynpyroro pacceRHHJI e o6nacrn OT 0,95 .no 7,5 M 3B; 

- .1111cpcpepe11u11ai1bHblX H3MepeHl1H Ka)l(.IIOro HJ Ce'ie­
HHH B036y)l(.1leHHJI o6bC)J.J1HCHHH H30JIHposaHHhlX yposHei1 
c :>HeprHllMH 113 IIHTepeana OT 0,5 JJ.O 0,7 M:>B, c :>HepnU1-
MH 113 IIHTepeana OT 0, 7 .uo 0,9 M:>B H C 3HepnUIMl1 113 HH­
Tepsana OT 0,9 .no 1,1 M JB npH 3Ha'ieHli'1X Jttepnm ttane­
Ta101Uero ttei1-rpotta E = 1,5 M:>B, E = 1,9 MJB II E = 
= 2,3 M JB ; 

- .1111cpcpepCHUllaJlbHblX H3MepeHHfi CC'-ICIIIUI ynpyroro 
pacceJ1HI1J1 e o6nacrn OT 0,3 .no 2,3 M:>B II np11 :ma'ieHmt 
£ = 3,3 MJB; 

- JJ.11cp<pepeHUHaJlbHbIX H3MepeHHH Ce'iCHHJI peaKUIIH 
(n, 211) e o6nacTH OT 5,73 .no 14,1 M:>B; 



► 

- .1111cpcpepeHUllilllhHblX ll3MepeHJ1H. eeLfeHHJI peaKUIIH 

(11, 311) B o6naern OT 12,4 .110 20 MJB; 

- .1111cpcpepeHUHilllbHblX 113MepeH11it eel.feHHll pa.1111au11-

0HH0IO 3axsaTa B o6Jiacrn OT 0,003 .110 I MJB; 

- IIHTerpanbHblX IIJMepe1111it eeLJeHllll pa.rutaUH0HH0ro 

3UXBaTa, paBH0BJBeweHH0ro Ha HeeK0JlbKliX IIHTepsanax HJ 

O0JJaCTH OT 0,003 ).1.0 0,2 MJB; 

- )J.llq>cpepeHUllaJlbHblX H3MepeHJlll CeLJeHHll Hcynpy­

rnx BJa11Mo.11eikrn11w B o6naern OT 0.25 .lJ.0 4,5 MJB, 11p11 

JHaLfeHHH E = 8, I MJB II B o6naern OT 11,9 .110 18, 7 MJB; 

- m1cpcpepe11u11aJibHblX H3MepeHIIH 110/lH0ro eel.feHH.H 

B3aHMO,!letteTBllll B 06JiaeT11 OT 0,003 .110 19,86 MJB; 

- )J.Hcj)cpepeHUHaJJbHblX 113MepeHHII LU1ena BTOpH4HblX 

MrH0BeHHblX HeHTJ)OHOB Ha aKT .11eneHW1 B 06naeT11 OT 

0,039 .110 15 MJB 11 upu JttaYem1J1x E = 17 MJB II E = 
= 19,6 MJB; 

- .!lt1(pcpepeHUHaJlbHblX HJMepeHHH LfHCJla BT0pt14HhIX 

3ana.J,!lbl8310WIIX HeHTJ)OHOB Ha aKT .11eneHl1JI B o6naCTH OT 

0.05 )J.O 1,75 MJB, np11 JHaLfett1111 E = 3, I MJB, B o6nacrn 

OT 4 .110 6, 7 MJB 11 np11 JHaLJe111111 £ = 14,9 MJB; 

- .1111cpcpepeHUHaJlbHblX ll3MepeHIIH II0JIH0ro LflleJJa 

BT0pHLlHblX HeHTJ)OHOB Ha aKT .11eneHHll s 06naeT11 OT 0,048 

.110 14,122 MJB. 

B o6naern OT 0,003 .uo 0,2 MJB peJyJJbTaTaM .11ucpcpe­

pettu11anbHhlX 11JMepett11n eeLJ.e1111.H )J.enettnll JJY4We .11pyrnx 

eooTBeTernyeT oueHKa JENDL-3.3. C yLieToM pa36poea 

ony6rntKOBaHHblX pa3JIH4Hb1MH asTopar-111 pe3yJJhTaT0B 

m1cpcpepeHUllaJlbHblX H3MepeHHII ceLJ.eHJ1JI .11eneHHll B 06-

JJaeTl!X OT 0,2 .no I MJB 11 OT l .no 20 MJB see 06ey)K,!las­

w11ee.11 oueHKJI B YKa.JaHHbIX o6naernx e00TBeTeTBylOT 

JTHM pe3yJibTaTaM. B o6naern OT 0,003 .110 0,2 MJB pe­

JynbTarnM HHTerpanbHbIX H3MepeHHH eeLfeHHll .neneIDUI 

LJ.a(lle eoorneTernyeT ouettKa JENDL-3.3, a B o6JJaern OT 

0,2 .110 I MJB see 06ey)K,!laBwueell oueHKH eornaey10Te.11 

e JTHMH pe3yJJbTaTaMH. ConoeTaBJIJlll ,!lBa noene,!lHHX Bbl­

B0.D.a e BblB0,!laM11, nonyLJ.eHHhJM npH 06ey)K.!leH1-111 eooTBeT­

CTBHll o6ey)K.!laBWl1XCll oueH0K peJyJJbTaTaM .1111cpcpepe11u11-

aJlbHblX 113MepeHHH eeLJeHJtll .11eJJeHIUI B o6Jtaernx OT 0,003 

.uo 0,2 M:>B a OT 0,2 .uo I MJB, np11X0.UHM K 3aKJII04emuiM 

0 TOM, 4T0 peJyJJbTaTaM l1 .u11cpcpepeHUHa.rJbHhlX, 11 HHTe­

rpa.JlhHhlX H3MepeHl1l1 e o6naeTH OT 0,003 ll0 0,2 MJB nyq­

we eoorneTernyeT ouettKa JENDL-3.3, a a o6nacrn OT 0,2 

no I MJB C00TBeTeTBylOT ece o6e~.naBWHeCl! oueHKII. 

PeJyJJbTaTaM 11HTerpanbHblX H3MepeHHH eel.feHJUI .nenemui, 

ycpe,utteHH0ro B eneKTJ)e HettTJ)OH0B en0HTaHH0ro .11eneHHll 

~
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~Cf. oue11K11 ENDL-84, JEF-3, ENDF/8-7, BROND-2 

11 CENDL-2 eooTeeTeTBYIOT nyLiwe ouettKII JENDL-3.3, 

a c peKoMettttyeMbtM JHaLJ.ett11eM TaKoro cel.femui eornaey­

fOTel! TOJtbKo ouettKll JEF-3, ENDF/8-7 11 CENDL-2. 

OuettKII ENDL-84. JENDL-3.3. JEF-3, ENDF/8-7 11 

CENDL-2 comaey10Tell e 11Me101UIIMI1ell peJynbTaTaMH 

llHq>tpepeHUllaJlbHblX 113Mepe1111H n0JIH0ro eel.feHllll Heyn­

pyrnro paeeel!Hllll nyLiwe oueHKII BROND-2, K0TOpa.H Ja­

Bbtwetta 110 epaetteHIII0 e JTl1MII pe3yJJbTaTar-.HI Ha llHTep­

eane OT 1 ll0 2 M3B JHaLteHttii £. 

JENDL-3.3, a np11 JHepnm £ = 2,3 MJB - oueHKH ENDF/8-7. 

JEF-3 u CENDL-2. C pe3yJtbTaTaM11 a11cptpepe11u11anbttblX 

H3Mepe1111it eeLJeHHll B036YlKlleHI(ll 06-bell11HeHIIJI 1130JI11p0-

BaHHblX ypostteii e JHeprHJIMII 113 11HTepsana OT 0,7 ll0 

0.9 MJB oueHKH ENDF/8-7, JEF-3 11 CENDL-2 eornaey­

f0Tell T0JJbK0 np11 JHepnm E = 2,3 MJB, a npH .npyrnx 

3H84eHllllX Jtteprn11 113 yKa38HHblX JTH oueHKl1 3aMeTH0 

JaHH)KeHbl no epaBHeHIII0 e JTIIMII pe3ynbTaTaMl1. 3TH )Ke 

oueHKJ1 JaHH)KeHbl 11 no cpasHeHHIO e pe3yJJbTaT3Mll TaKHX 

l13MepeHl1H eeLJeHllll B036y)K.UeHl1ll o6be,!lHHeHH.H H30JI11p0-

BaHHhlX ypOBHeH e :)HepntJIM11 H3 HHTepsa.ria OT 0,9 il0 

l, I MJB np11 eeex YKa.JaHHhlX Bb1we Jttepnuix. PeJyJibTaTbl 

H3MepeHl1H nepeLJ.HeJJeHHblX eeLJ.eHl1H ony6JIHKOBaHbl 

e enu11eTee1111oit pa6oTe. B ENDL-84 tteynpyroe paeeel!­

HMe HeHTJ)0HOB Ha .1111pe 
235U npe}leTaBJieH0 T0JlhK0 npo­

ueeeoM aoJ6ylK.11em1.11 K0Hn1ttyy11-1a ypoetteii, e BROND-2 

JtteprHJ1 noene}lttero yLITe1rnoro 11JoJ111poaa1111oro yposHl! 

paetta 0,42671 M:>B, a e JENDL-3.3 JHeprWI noeneattero 

yqTeHH0ro 1130JIHp0BaHH0ro yp0BHll paBHa 0,633089 MJB. 

B o6naern OT 0,3 .no 2,3 MJB pe3yJlhTaTaM 1111cprjJe­

pe11u11anbHbIX 11JMepem1i1 eeLieH11J1 ynpyroro paeeel!Hlill 

nyqwe 1lpyr~-1x eooTBeTeTByeT ouettKa JENDL-3.3, a np11 

JHaLJett1111 £ = 3,3 MJB e pe3yJJbTaTOM TaKIIX 113Mepcttuii 

eornaeyeTell TOJJbK0 ouettKa ENDF/B-7. 

OuettKII JENDL-3.3, JEF-3, ENDF/8-7, BROND-2 

u CENDL-2 eoorneTeTBYIOT pe3yJ1bTaTaM .11HqJQJepettu1-1-

anbHbJX 113Mepemu1 ee4e111ui peaKu1111 (n. 2n) nyqwe oueH­

KH ENDL-84. 

PeJyJibTaTaM a11rjJ<jJepeHUl1a.JlhHblX 113MepeHHH eel.fe­

HH.ll peaKUHH (11, 311) oueHKH JENDL-3.3, BROND-2 

11 CENDL-2 eoorneTernylOT nyLiwe ouettoK ENDL-84. 

ENDF/8-7 H JEF-3. 

B o6naern OT 0,003 no 0,0 I MJB pe3ynbTaTaM .11urjJ­

cpepe11u11a11bHblX HJMepeHHH eel.feHHJI pa.1111aUH0HH0ro 3a­

xeaTa nyLJ.we eoorneTernyeT oueHKa ENDL-84. B o6naernx 

OT 0,01 .110 0,2 MJB HOT 0,2 ao l MJB oueHKa JENDL-3.3 

eooTBeTernyeT pe3yJlhTaTaM T3KUX 113MepeHH11 Toro )Ke 

eel.feHIUI nyqwe .11pyrux oueH0K. PeJyJJbTaTaM IIHTerpanb­

HblX 113MepeHHH Ce4emui palll-taU~t0HH0r0 3aXB3Ta 431Ue 

eooTseTernyeT s o6naeTH OT 0,003 .no 0.0 l MJB oueHKa 

BROND-2, a e o6naern OT 0.01 ll0 0,2 MJB - oueHKM JEF-3, 

ENDF/8-7 H CENDL-2. Co11oernsJ1J1J1 .nea nocne.1111ux Bbl­

sotta e BbIB0,Uar-.111, nonyqeHHbll\111 npu o6ey)K,!leHl1H eooT­

BeTeTBHll o6e~naeMblX oueH0K pe3yJibTaTaM ,D.lHpcpepeH­

UllaJlbHblX l13MepeHl1_H ee4eHl1ll paa11au110HH0r0 33XBaTa 

s o6;iaernx OT 0,003 tto 0.01 MJB H OT 0,01 ao 0,2 MJB, 

npllX0Jll{M K 3aKJll04eHl1!0 0 Hee00TBeTCTBIHl B JTl1X o6nae­

Tl!X pe3ynhTaT0B illlCj>cpepeHUllaJlbHblX H IIHTerpanbllblX 

113MepeHHi1. B o6naern OT 0,003 .110 0,0 I MJB pe3yJtbTaTbI 

Jlllq>q>epeHuHaJJbHblX H3Mepe111ui 011y6J1JlKOBaHbl B e}lUHCT­

BeHIIOII pa6oTe. a pe3yJibTaTbl IIHTerpanbHblX 113MepeHHH -

B LfeTb1pex. B o6naern )Ke OT 0.0 I .110 0,2 MJB K0JHfL1eeTso 

pe3yJibTaT0B HHTerpaJJbllbIX llJMepeHIIII 60JJbWe K0JIJ14eeT­

Ba pC3YJtbTaT0B .nucpcpepeHUllaJlbHblX ll3MCpCHIIH. rro JTIIM 

np11LIHH8M npe)ll104TeHlte B yKaJaHHblX o6naeT.l!X M0)KH0 

PeJyJJbTaTaM .nucpqiepe11u11aJ1bHblX 113MepeHHH eeLJe- 0T,!18Tb ypoBHIO eooTBeTeTBHJI pe3yJibTaTaM HHTerpanbHblX 

1111.H soJ6ylK.11ettul! 06be)l1IBemtll u30;111posattttb1x ypoatteii IIJMepeHHH, T. e. s o6naeTu OT 0,003 .110 0,0 I MJB - oueHKe 

e JHeprHllMII H3 HHTepea.ria OT 0,5 no 0,7 MJB eoorneTeT- BROND-2, a s o6naern OT 0,0 I il0 0,2M:>B - oue11KaM 

BYIOT 11p11 JtteprHllx £ = 1.5 MJB u E = 1,9 MJB oue11Ka JEF-3, ENDF/8-7 11 CENDL-2. 
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PeJyJibTaTaM .IU-tij)cpepeHUHUilbHblX H3MepeHHH. ee4e­
HlUl Heynpyrnx B3a11MO.L1eH.eTBHH. B o6naeTl1 OT 0,25 .uo 
4,5 MJB ny4we eooTseTeTsy10T oueHKH ENDL-84 
H JENDL-3.3, e pe3y11bTaT0M TaKHX 113MepeH11fi rnro )l(e 
ee4eHII.JI 11pH 3Hat.JeHHII £ = 8,J MJB eornaeyeTell T0JlbKO 

oueHKa ENDL-84, a peJyJihTaTaM .n11cpcpepeHuHanbHbJX 
11JMepeH1111 ee4eH11.J1 Heynpyrnx s3a11Mo.neikTs11i1 s o6nae­
rn OT 11.9 .no 18,7 MJB ouettKH ENDL-84, JENDL-3.3, 
BROND-2 H CENDL-2 eoorneTerny10T JJY4We ouettoK 
JEF-3 11 ENDF/B-7. 

B o6naern OT 0,003 .no 0,3003 MJB pe3y11bTaTaM 
.nucjlcpepeHU11aJlbHblX 113MepeHttlt flOJIH0fO ee4eHHll JlY'IWe 
eooTBeTernyeT ouettKa JENDL-3.3. C Y4eT0M p836poea 
ony6mtKOBUHHblX pa3JIH4HbIMH asTopaMH pe3YilbTaT0B 
t111cpcpepeHUHaJibHblX 113MepeHHH nonHoro eet.JeHJ,I.JI B 06-
naCTH OT 0,3 .no 19,86 MJB see 06ey)l(.llaswuee.11 oueHKH 
eooTBeTeTBylOT 3Tl1M pe3yilbTaTaM. 

B o6naern OT 0,039 .no 15 MJB 11 npH 3Ha4eHHl1 £ = 
= 17 MJB oueHKH ENDL-84, JENDL-3.3, JEF-3, ENDF/B-7 
11 CENDL-2 eooTseTCmy10T pe3yJibTarnM .n11cpq>epettuH­
aJibHbJX l13Mepemu1 •I11ena BT0pH'-lHblX MfH0BeHHblX HeH.­
TpOH0B Ha aKT .neneHH.11, a e pe3yJlbTaT0M 113MepeHHH np11 
3Hat.Jett1111 £ = 19,6 MJB eornaeyeTe.11 T0JibK0 ouettKa 
JENDL-3.3. B BROND-2 oueHKa JTOH xapaKTep11ernK11 
0TeYTeTByeT. 

B o6naeni OT 0,05 .no J,75 MJB e pe3ynbTaTaM11.nmP­
q>epettu11anbHblX H3MepettHH 4Hena BT0p114HbJX 3anaJ,/lbl-
88IO[UHX HeHTpOHOB Ha aKT .ne;1eH11.11 eornaeyIOTe.11 T0JlbK0 
oueHKII ENDL-84, JENDL-3.3, JEF-3 11 ENDF/B-7, a npu 
3HaYeH1111 E = 3,1 MJB, s o6naern OT 4 .no 6,7 MJB 11 np11 
3Ha4eH1111 E = 14,9 MJB, e pe3ynhTaTaMH H3MepeHHH eo­
rnaey10Tell oueHKH ENDL-84, JENDL-3.3, JEF-3, 
ENDF/B-7 11 CENDL-2. B BROND-2 oueHKa JTOI! xapaK­
Tep11eTHKH OTeYTeTByeT. 

Bee 06ey>K.nasw11ee.11 oueHKII eooTBeTeTBylOT pe3ynh­

TaTaM AllcjlcjlepeHu11aJ1bHblX H3MepeHl1H. fl0JIH0fO 4HeJta 
BT0pll'-lHblX HeHTpOHOB Ha aKT .neneHH.11. 

AttaJIH3 He BblJlBIIJl oueHKy, K0T0pa.11 .1181:i0 npesoexo­
.[IHJJa 6bt oeTaJibHble H3 o6ey>K.naswuxell oueH0K no ypos­
HIO eo0TBeTeTBH.11 seeM pe3yJibTaTaM H3MepeHHH., K0T0pbl­
Ml1 lllbt paenonaranu. TeM He MeHee, epe.n11 ;1yywux no 
1T0MY Kp11Tep1110 Yame 0KaJbJBaeTe.11 oueHKa JENDL-3.3. 
BMee1e e TeM, otta yeTynaeT oueHKaM JEF-3, ENDF/8-7 1-1 
CENDL-2 no ypoBHI{) eooTseTeTBl1ll peK0Mett.11yeM0My 
eeYeHttlO .neneHl1Jl, yepe.nHeHHOMY B eneIcrpe HeHTpOHOB 
Cll0HTaHH0f0 .neneHHll 252Cf, 11 pe3yJJbTaTaM l1HTeI-panbHblX 
ll3MepeHIIII TaKoro eeYeHtUI. 

1.5. Xapa1.:rep11cn11rn B3311MO,lleiiCTBHH 

6blCTpb1X IICttTp0110B C H,llpOM 
236U 

Bb1110J1tteH attanm oue110K ENDL-84, JENDL-3.3, 
ENDF/B-7, JEF-3 H BROND-2 xapaKTep11eT11K s3a11J110-
,JeikTB11ll 6btCTpblX IICl!TpOHOB e llnp0M 236U. Mbl e•IIITUilll, 
'IT0 JHepnrll 6b1erpb1x Hei'1Tpo11os E > 0,002 MJB. 

AHUilH3 np0BO.llllJICll nYTeM epasHettllll oueH0K C pe-
3YJJbTaTa~t11 .n11cpcpepeHWlaJJbHblX H HHTerpa.IlbHblX 113Mepe­
HIIH. Mb1 paenonaram1 pe3yJibTarnMI1: 
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- .llllCpq>epeHUHaJJbHblX 113Mepel-ll1Ji eet.JeHHll .[leJieHJI.JI 
s o6naern OT 0, I no 9,905 MJB II npH 3Ha4eHllllX £ = I 4,1 MJB 
11 E = 14,74 MJB; 

- HHTerpanbttblX 11JMepe1-111.i1 ee•teHl1.ll .nenemU1, yepe.n­

HeHttoro no eneh.--rpy HetiTpOHOB enoHTaHH0f0 .neneHJ,I.JI 252Cf; 
- .n11cpcpepeHUl1aJlbHblX H3MepeHIIH ee4eHllll pa.n11auu-

0IIH0fO JaxBaTa B o6naern OT 0,002 Jl0 3,3 M:>B; 
- 11.HTerpaJJbHblX 113lllepeHIIM eet.JeHHll pa.nwauH0HH0fO 

JaxsaTa, paBH0B3BeweHH0fO Ha HeeK0JlbKl1X HHTepsanax H3 
o6naeTeH OT 0,002 .no 0,05 MJB 11 OT 0,05 .no 0,42 MJB; 

- .n11cjlcpepeHUl1aJibHblX H3MepeHl1H eet.JeHH.ll nornome­
HIUI s o6naern OT 0,00275 .no 0,95 MJB; 

- .n11cpcpepeHUHaJibHblX 113lllepeHHH. fi0JIH0f0 eeqe1111l1 
s3a111,10.ne11eTBl1ll s o6naent OT 0,002 .no 0,734 MJB; 

- .n11cpcpepe1-1u11aJibHblX 113MepeHl!H. 4Hena BTOpHqHblX 
MfH0BeHHblX Hefi.TpOHOB Ha ah., .ueneHJ1Jl s 06naeT11 OT 0,77 
no 6,7 MJB; 

- ./llICpcpepeHU11aJlbllblX H3MepeHl1H 411ena BTOpHYHblX 
3ana3.llblBalO[Ul1X HeHTpOHOB Ha aKT .neneH11..11 npH 3H84eHl111 
E = 14,7 MJB. Pe3ynhT3Tbl HJMepe1-111ft .npyrnx xapaKTep11-
eT11K 8381iMO.lletteTBl1ll 6bleTpblX HeHTp0HOB e .sinpoM 236U 
HaM HeHJBeeTHbl. 

B o6naern OT 0,1 .no 9,905 MJB JHaqeH11H £ ouettKII 
JENDL-3.3, ENDF/8-7, JEF-3 11. BROND-2 coomeTeTBy­
lOT pe3yJJbTaTaM .lllICp<pepeHUllaJlbHblX 113MepeHHH eeLJeHJlll 
.nenettl1.ll JIY4we oueHKH ENDL-84. C KaK11.M-T0 113 nsyx 
pe3ynbTaT0B JlHcpcpepeHU11aJibHblX H3MepeHHH Toro JKe ee­
t.JeHH.11 np11 3HaYeHHH £ = 14, I M:>B cornacy10TCll see 06-
ey)l(.llasw11eel! oueHKH, a e ony6JJHKOB8HHblM B e.nH.HCTBeH­
H0fi. pa6oTe pe3yJibTaTOM 113MepeHHM np11 3Haqe1-11111 £ = 
= 14,74 MJB eornaey10Te.11 T0JibKO oueHKH ENDL-84 
H BROND-2. C ony6m1KosaHHbIM s e.n1111erneHHOH pa6oTe 
pe3yJJbT8TOM 11HTerpaJlbHblX 113MepeHWi ee4eHJ,I.JI .neneHJI.JI, 
yepenttettH0ro no cneKTpy HeHTpOHOB enoHTaHHoro .nene­

HHll 
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Cf, HH 0,/lHll 113 06cy)K,Jlasw11.xell oueHOK He eornaey­
eTel!, HO oueHK11 ENDL-3.3 H JEF-3 pae11ono)l(ettb1 HaH60-

11ee 6n1-1JKO s HHJKHdi rpaH11ue I cr-11HTepsana ll3MepeHHoro 
cet.JeHHll . 

Ha IIHTepsane OT 0,002 .no 0,02 MJB pe3ynhTaTaM 
.D.Hq>cpepe1-1u11aJJbHblX 113MepeHJrn eet.JeH~lll pa.o,HaUH0HHOf0 
Jaxsarn ny4we eoomeTerny10T oueHKH ENDL-84 11 

BROND-2. OueHK11 ENDF/B-7 11 BROND-2 coomeTerny­
lOT pe3ynbTaTaM Jlticp<pepeHUHaJibHblX HJMepeHIIII eet.JeHltll 
pa.n11au110I111oro Jaxsarn s o6naern OT 0,02 no 3.3 M1B, 
B TOM '-ll1CJJe II Ha HHTepsanax OT 0,02 JlO 0,05 MJB 11 OT 
0,05 .no 0,42 MJB. nyywe oueHOK JENDL-3.3, JEF-3 
11 oco6eHHO ENDL-84. PeJynbTaTaM IIHTerpaIJbHbJX InMe­
pett11i1. ceYeHHll pa.nIrnw-I0HHOro 3axsaTa Ya[Ue eooTBeTe·1-
sy10T tta l!HTepsruiax OT 0,002 no 0,0215 M1B H OT 0.02 no 
0.05 MJB oueHKII JENDL-3.3 11 JEF-3, a Ha IIHTepsane OT 
0,05 .no 0,42 MJB - ouettKa ENDF/B-7. ConocrnsJJllll nep­
BbIC .nsa 113 )HIX BblB0A0B C Bbl80Jl8\HI, c.o.enaHHblMH np11 

BblllCHCHJIII yp0BHli e00TBeTeTBHll oueHOK pe3yJlbTaTaM 
.o,11cpcpepeHUllaJlbHblX H3Mepe1-111i1 eet.JCHllll pan11au1101-1ttoro 
Jaxsarn, npllX0JlllM K JaKJJIO'-leHIIIO, q-ro pe3yJibTaTbl .Ullq>­
cpepeHUHaJlbHblX 113~tepemtH Ha 11HTepsanax OT 0,002 .no 
0,02 M1B 11 OT 0.02 no 0,05 MJB 1-1e eoorne-rerny10T pe-
3YJibTaTaM I-lHTerpMbHblX 1!3Mepe1-111H Ha IIHTepsanax OT 
0,002 .o.o 0,0215 MJB H oT 0,02 no 0,05 MJB. TaK KaK Ko-



JlJ,l'•leCTBO pe3yJ1bTUTOB HHTerpanbHhlX 113MepeHHH cet.ieHIUI 
pa.nHaUHOHHOro 3axeaTa Ha Ka)K,llOM H3 '.)THX HHTepeanoe 
npeBOCXOJU1T KOmlt.ieCTBO pe3yJlbTaTOB m1cpc)JepeHUliaJlb­
HblX H3MepeHHH, TO npe,llllO'ITeH11e MO,KHO OT,llaTb ypOBHIO 
COOTBeTCTBHll pe3yJlbTaTUM HHTerparrbHblX H3MepeHHH, 
oueHKUM JENDL-3.3 11 JEF-3. TTocJie cpaeHeHilll )Ke BbIBo­
.noe, nonyt.ieHHblX np11 o6cy)K)leHHH COOTBeTCTBHll oueHOK 
pe3yJJbTaTUM llHc}lc}lepeHUHaJlbHblX H HHTerpaJibHblX 113Me­
peHHtt cet.ieHJ1ll pamIamtOHHOfO 3aXBaTa Ha HHTepeane OT 
0,05 JlO 0,42 M3B, MO)KHO npH3HaTb, 4TO Ha '.)TOM HHTep­
eane oueHKa ENDF/8-7 11yt.iwe JtPYTiiX cooTBeTcTeye-r pe-
3YJJbTaTUM H JlHc}lc}lepeHUHaJlbHbIX, 11 HHTerpanbHblX 113Me­
peHHH. 

Ony6J1HKOBaHHblM B e,llHHCTBeHHOH pa6oTe pe3yJibTU­
TUM JlHqJc}JepeHUHaJlbHblX HJMepeHIIH ce'l.eHHJI nornowe­
HHll, paBHOrO cyMMe cet.ieHJIH tteJleHliJI H pattHaUHOHHOro 
3axBaTa. ny'l.llle COOTBeTCTBYIOT Ha HHTepeane OT 0,002 .no 
0,05 M3B oueHKII JENDL-3.3 11 JEF-3 , a e o6naCTH OT 0,05 
no 0,95 M38 - oueHKH ENDF/B-7 11 BROND-2. 3TH BbJ­

BOllbI He nponrnopet.iaT BblBOllaM, ClleJlaHHblM np11 o6c~­
)leHHl1 COOTBCTCTBH.ll o6c~naewHXCll oueHOK pe3yJlbTaTaM 
nuitJcj>epeHUHaJlbHblX 113MepeHIIH ce'l.eHH.ll )leJieHH.ll 11 pe-
3YJibTUTaM n11.p.pepeHUHaJlbHblX 11 HHTerpanbHblX 113Mepe­
HHH Ce'l.eHHll pamtaUHOHHOro 3axBaTa. 

Ha HHTepeane OT 0,002 no 0,025 M3B oueHKa ENDL-84 
He COOTBCTCTeyeT ony6rutKOBUHHblM B e)lHHCTBeHHOH pa-
6oTe peJyJlbTaTaM nu.PitJepeHUHaJlbHblX H3MepeHHH nOJIHO­
ro cet.ieH11l!; a oueHKH JENDL-3.3 H JEF-3 pacnoJ10)KettbI 
HeCKOJlbKO 6m1)Ke K 3THM pe3yJlbTUTaM, 'l.eM oueHKa 
ENDF/B-7. Ha HHTepeane OT 0,025 no 0,43 M3B pe3yJJbTa­
TUM TUKHX HJMepeHHH TOro )Ke Ce'l.eHHJI JIY4.We COOTBeTCTBy­
eT ouettKa ENDF/B-7. Ha H.HTepeane OT 0,43 .no 0,734 M3B 
peJyJlbTaTaM .UHqJqJepeHUHaJlbHbJX H3MepeHl!H noJIHOro 
ceLJeHnll ny'l.we coo111eTcTBY10T oueHKH ENDL-84 
11 BROND-2, a oueHKH JENDL-3.3, ENDF/8-7 H JEF-3 Ha 
'.)TOM HHTepeane npHMepHO onHHUKOBO JaBblllleHhJ no 
cpaeHeHHIO C 3THMH peJyJJbTaTaMH H ycryna!OT oueHKUM 
ENDL-84 H BROND-2 HeJHa'!HTeJlbHO. CJie.nyeT 3aMeTHTb, 

LJTO Ha HHTepea.ne OT 0,001 JlO 0,15 M3B oueHKa BROND-2 
noJIHoro CeL!eHHJI no KUKOH-TO npH4HHe cyweCTBCHHO (He 
Mettee, 'IeM Ha nop,inoK) Jaebrwetta no cpae1-1e1-1H10 c npy­
rHMH OUCHKaMH. Pe3yJlbTUTbl ll3Mepe1rnw nOJIHOro ceL!eHHJI 
011y6JIHKOBU!lbl B enHHC1 BeHHOii pa6oTe. 

Bee o6cy)K)lUeMble OUCHKII COOTBeTCTBYIOT pe3yJlbTa­
TaM .nmpqiepeHUHaJJbHblX HJMepeHJlii 'l llCJla BTOpH'-!HbJX 
Ml'HOBeHHbJX HeihpOHOB Ha UKT )leJteHtl51. 

C ony6JlltKOBaHHblM B e,llHHCTBeHHOii pa6oTe pe3yJlb­
TUTO!I-I n11.pcjiepe1-1u11UJ1bHblX 113MepeHHH L!HCJla BTOpH'l.HbIX 
JUflU3)lb!BalOWHX HeiiTpOHOB Ha aKT neJieHl1ll npH JHU'l.eHl1J-! 
E = 14,7 M38 cornacy10Tcll TOJlbKO ouettKH JENDL-3.3 
w JEF-3. 

TTpoee.nettHbtH a11arnn He Bbtl!BlfJI oue1-1Ky, KOTOpa.ll 
l!BHO npeBOCXO)lHJla 6bt OCTaJlbHbte H3 o6cy)K!lUBlllHXCll 
oueHOK no ypoBHIO COOTBeTCTBHll eceii COBOKynHOCTH pe-
3YJibTUTOB 113Mepettlltt, KOTOpblMH Mbl pacnoJ1aranI1. TeM 
He MeHee, ouettK11 JENDL-3.3 11 JEF-3 4.awe OKaJbJBalOTCll 
cpe.1111 J1Y4.WHX no 3TOMY Kp11Tep1110. 0 CJIY4.UllX, KOr)la '.)Tl! 
OUCHKII xy)Ke .npyrwx oueHOK COOTBeTCTBOBaJlH peJyJlhTa-
TUM HJMepeHllii, CKaJUHO Bb!We. 
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1.6. Ce'leHHe ,neJiemrn HJ.lpa 
237U 

6blCTpblMII 11eiiTp0113MII 

TTpoee)lett attan11J ouettoK ENDL-84, JENDL-3.3, 
ENDF/B-7 ceL!elU-l51 neJ1eHHJ1 llJipa 237U 6bJCTpbJMH tteu-rpo­
HUMH. OueHKa JENDL-3.3 11cnonhJoeaHa e oueHKe JEF-3 . 
Mbt C411TUJ1H, L!TO 3Ha'-!eHllil 3HeprH11 6btCTpblX HeH.TpOHOB 
E > 0,0009 MJB. 

AHamtJ ocymecTBJillJJCll nyreM cpaeHeHHJI c peJyJibTa­
TaMH nucpc)JepeHUHaJlbHhlX H3MepeHH.H. Mb! pacnonaranw 
TaKHMH pe3yJlhTaTaMl1 e o6naCTllX OT 0,0009 )lO 0,001 M38 

H OT 0,09 )lO 1,83 M3B 113 pa60Tbl [ 11], ony6mtKOBUHHhlM11 
B 1974 ro.ny, 11 aHaJJOrH'l.HbJMJ-1 pe3ym,TaTaMH B o6JJaCTl1 OT 
0,493 no 20 M3B 113 pa60Tbl [ 12], ony6JJHKOBUHHblMl1 
e 2006 rony. PeJynbTaTbl 113MepeHHH. .UPYTH.X xapaKTep11-
CT11K BJUHMOJleH.CTBHJI 6bJCTpbJX HeHTpOHOB C ll.llpOM 237U 
HUM Hel1JBeCTHbJ. 

B o6nacrn OT 0,493 JIO 1,83 M3B peJyJihTUTbJ 113Me­
pettHH, ony6JIHKOBUHHble e 1974 rony, pacnOJIO)KeHbJ Bbl­
we peJyJlhTUTOB 113MepeID!H, ony6nHKOBUHHbJX B 2006 ro­
.ny. B o6naCTllX OT 0,0009 .no 0,00 I M3B 11 OT 0,09 .no 0, 7 M3B 
pe3yJibTaTaM 113MepeHHtt JJY4.We COOTBeTCTByeT oueHKa 
ENDL-84. B 6onee wHpoKoii o6naCTH OT 0,7 no 20 M.3B 
peJyJibTaTaM 113MepeHl1H nyqwe COOTBeTCTByeT oueH.Ka 
ENDF/B-7. 

1. 7. XapaKTepHCTHKH BJ3Hll10J.leiicTBHH 

6blCTpblX neiiTpOHOB C R.llpOM 
238U 

8bJOOJ1He1-1 aHan113 oueHoK ENDL-84, JENDL-3.3, 
ENDF/B-7, JEF-3, CENDL-2 11 BROND-2 xapaKTep11cT11K 
B3Ul1MOnewcTBH.ll 6hJCTpblX HeHTpOHOB C .ll)lpOM 238LJ. Mbl 
C'll1TaJ111, L!TO 3HU'l.eHHll 3Hepnlli 6blCTpbJX HeHTJ)OHOB 
E> 0,02 M3B. 

AHaJI113 npOBO)lHJICll nyreM cpaetteHHll 0ueHOK C pe-
3YJlbTaTaMII HJMepeH11». Mbt pacnonaram, pe3yJ1bTaTaM11: 

- nHqJcjlepeHUHaJlbHblX 113MepeHHH ceL!eHJUI .neneHH.ll B 
o6nacTH OT 0,4 .no 20 M3B; 

- lillTerpanbHh!X HJMepemu1 ce'!eHH.ll .nenemui, pae­
HOBJeewettttoro Ha HeCKOJlhKHX 1-tHTepeanax HJ o6JJaCTH OT 
0,4 JIO 3 MJB; 

- HHTerpaJibHblX H3MepeHJIH Ce'!eHHll neneH~lll, yc­
pentteHHoro B cneKTpe HeH.TpOHOB CflOHTaHHOro neneHWI 
252Cf, 11 cooreeTcTey10wei,"i oueHKII ce'l.eHH.ll; 

- ll11qJqJepeHU11aJlbHbJX 113MepeHHH TTOJlHOrO ce'!eHHJI 
tteynpyroro paccellHJlll B 06nacTJ1x OT 0, I .no 0, 15 M3B 11 

OT 0,4 JIO I M3B II np11 JttaL1ett111I £ = 14.2 M3B; 
- llllcjiqJepeHUHaJJbHbJX H3MepeH11ii CeL!eHHll .llJlll B03-

6y)K.nettJL51 ypoeH.ll c JHeprwei1 0,045 M3B e 06J1acrn OT 
0,068 no 3,4 M3B; 

- .n11cjlcjiepeHUl1aJlhHblX HJMepeHIIH CeL!eHH.ll )lJl.ll B03-
6y)KJieHllll ypoawI c 3Hepniert 0, l 48 M3B e o6Jiacrn OT 0,4 
JlO 3,4 M3B; 

- )lllcjicj>epeHUHaJlbHblX HJMepeHJUJ ce'l.CHHll .nmI 803-
6y)K.nettil51 ypoBHll c Jtteprnei1 0,68 M3B e ofoiacrn OT 0,78 
no 2,2 M3B; 

- llHq>qJepeHUHUJlbHbJX 113MepeHHH Ce'!eHID! nJl.ll B03-
6~eHHll ypOBHll C '.)Heprneit 0,732 M3B B 06JJUCTH OT 
0,84 .uo 2,2 M38; 



- .1mcpcpepeHUl1aJlbHb!X 113MCpCHl1tt CC'-!CHliJI ynpyroro 
paCCC.IIHltil .!lJl.11 HCK0T0pb!X 3Ha'-!CHl1H E 113 o6nacrn OT 
0,055 .uo 4 MJB 11 np11 3Ha'-!eH11.11x £ = 7 M3B, E = 
= 14,1 M3B 11 E = 14,2 MJB; 

- .1111cpq>epeHUHaJlbHb!X 113MepeHHii ce'-!eHH.11 peaKU1111 
(n, 2n) e o6nacTH OT 6,42 .uo 19 M3B; 

- HHTCl'paJll,Hh!X 113Mepe.liJ1J1 Ce'-!eHl1.II peat<U11H (n, 2n), yc­
pe.llHCHH0ro B CllCKipe HeITTpOHOB CllOHTaH:HOro .ueneHWI 252Cf; 

- ,nHcpcpepeHUl1aJlbHb!X 113Mepelllitt CC'-!eHliJI peaKl.U-IH 
(n, 311) e o6nacrn OT 11,88 .uo 20 MJB; 

- .n1-1cpqiepeHUJ1a.JlbHb!X 113MepeHHH ce'-!eHWI pa.11Hau11-
0HHOf0 3axeaTa B o6nacrn OT 0,02 .uo 20 MJB; 

- 11HTerpaJibHblX 113MepeHl1H CC'-ICHliJI pa.u11au110HHOr0 
3axeaTa, paBHOB3BCWCHHOro Ha HCCKOJlbKHX HHTepeanax 113 
o6nacrn OT 0,02 .uo 0,564 MJB; 

- .1111q>cpepeHUl1aJlbHb!X 113MepeHJ1H ce'-ICHH.11 Heynpy­
ntX e3a11Mo.11ettcTe11w e o6nacrnx OT 0, I 5 .uo I, 725 MJB, OT 
3 .no 8, I M3B 11 OT I 1,9 .no 18,4 M3B; 

- .111-1cpcj)epeHUl1aJlbHblX 113MCpeHHH nOJIHOro CC'ieHliJI 
B3a11Mo.11.ewcTe11.11 B o6nacTH OT 0,02 .uo I 9,841 MJB; 

- 11HTerpaJibHb!X 113MepeHl1H 110JIH0ro CC'iCHliJI B3att­
MO.!lCHCTBl1.II, paBH0B3BClllCHHOro Ha HCCKOJlbKl1X 11HTepaa­
Jiax 113 o6nacrn OT 0,0215 .uo 0,9601 MJB; 

- 11HTerpanbHhlX 113MepeHl1H n0JIH0f0 CC'iCHltil pac­
CC.IIHliJI, paBH0B3BCWCHH0f0 Ha nayx 11HTepaanax 113 o6nac­
Tl1 OT 0,0215 .!1.0 o. I MJB; 

- .1111cpcpepeHUHaJlbHh!X H3MepeHl1H '-lHCJia BT0p114HblX 
MrH0BCHHblX Heihp0H0B Ha aKT .ueJICHliJI 8 o6naCTl1 OT 1,2 
.uo 14,9 MJB; 

- .u11cpcpepeHUHaJlbHblX H3MepeHJ1H 411CJia BT0p114HhlX 
3aTTa3.!lbJBa}()IUliX HeHTµOHOB Ha aKT .!J.CJICHH.11 B o6naCTl1 OT 
1.01 .uo 14,9 MJB; 

- .!lttcpcpepeHUHaJlbHblX 113MepeHl1H TT0JIH0f0 '-IHCJia 
BT0PH'IHbJX HCHTµOHOB Ha aKT .!lCJICHJ1JI 8 o6nacm OT 1,27 
.uo7MJB. 

PeJyJihTaTaM .llHcpq>epeHUHaJibHblX H3MepeHIIH ce'-!eHHJI 
.ueneHJ!.11 B o6nacm OT 0,4 .11.0 3 M3B oueHKH JENDL-3.3, 
JEF-3, BROND-2 11 CENDL-2 cooTaeTCTBYIOT JIY<fWe oue­
HOK ENDL-84 tt ENDF/B-7, a o6nacrn OT 3 no 15 MJB ace 

06cy)K.!laBWJ1ec.11 0UCHKH C00TBCTCTBYIOT pe3yJibTaTaM Ta­
KHX 113Mepemtii Toro :>Ke CC'-ICHH.11 C Y4CT0M pa36poca .uaH­
HblX pa3Jil14Hh1X aaTopoa, a a o6nacrn. OT 15 .uo 20 MJB 
pe3yJihTaTaM .!l11CpcpepeHUHaJlbHblX H3MepeHJ1H CC'-!CHHll 
.ueneHHll JIY'fWC cooTaeTcTayeT oueHKa ENDF/B-7. B 06-
nacT11 OT 0,4 .110 3 M3B pe3yJibTaTaM HHTerpaJibHblX li3Me­
peHHH CC'-lCHliJI neneHliJI '-!awe C00TBCTCTBYIOT 0UCHKH 
JENDL-3.3 11 BROND-2. ConocTaBJlllll JT0T BhJB0.11 c npu­
ae.ueHHhJM BblWe BblB0.II0M, nony'-leHHblM npu o6cy)K.!lCIIHH 
C00TBCTCTBHll o6Cy)K.!laBWl1XCll oueH0K pe3yJlbTaTaM .u11¢­
cj)epe11u11anbHblX 113MepeHIIH CCYCHl1JI .ueneHHJI B 06nac111 
OT 0,4 .110 3 MJB, npHX0.!lllJ\I K 3aKJI104CllltlO 0 TOM, '!TO 
B JTOii o6JtaCTl1 peJyHbTaTaM 11 llll(pcjiepeHUJtaJlbHbJX, 
H IIHTerpaJibHblX J13MepeHllii CC'lCHllll .!lCJICHJrn JIY'-IWe co-
0TBe rcrnylOT ouettKII JENDL-3.3 H BROND-2. C peKo­
MCH.llYCMhlM 3Ha4eHHeM ceqemrn .!lCJICHall. ycpem1eHHblM 
B cue,npe Ht!ttTpOHOB CJI0HTaHH0ro .uent:Hllll 252Cf. corna­
cylOTC,11 ace o6CY*.UaBWHCCll 0UCHKII, a pe3yJJbTaTIIM IIHTe­
rpanbHbJX ll3Mepem1i1. JT0f0 ce'-ICHJUI JIY'fWC .upyr11x C00T­
lleTC rnycT ouettKa ENDL-84. 
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Pe3yJibTaTaM .1111cpcpepeHUHaJibHblX H3MepeHHH TT0JlH0· 
ro ce4emuI Heynpyroro paccel!HliJI JIY'-!We C00TBeTCTBYIOT 
e o6nacrn OT 0, I .no 0, 15 MJB oueHKa CENDL-2, a a 06-
nacrn OT 0,4 no I MJB - oueHKa ENDF/B-7. Hatt6onee 

6JIH3Ka K pe3yJibTaTy 113MepeHHH nonHoro ce'-!CHH.11 Heyn­
pyroro paccel!HHll np11 3Ha'-!eHHH E = 14,2 M3B oueHKa 

BROND-2. 
C Y'-!CTOM pa36poca ony6JIHKOBaHHblX pa3Jll1'iHbJMl1 

aeTOpaMH pe3yJibTaTOB .n1-1cpq>epeHUHaJlbHblX H3MepeHJ1tt. 
CC'-ieHHJI ,'lJl.11 B036Y:>K.neHl1.II yp0BH.11 C 3Heprnew 0,045 M3B 
06cylK.naew11eCl1 oueHKH CO0TBeTCTBYIOT HM Ha 6JIH3KOM 
yp0BHC. 

OueHKa ENDF/B-7 cooTaeTCTeyeT pe3yJibTaTaM .llHq>­
cpepeHUHaJihHbIX 113MepeHHH CC'-!CllliJI .llJIJI B036y)l(.!leHH.II 
ypoeHl! c JHeprnew 0,148 M3B nyqwe .npyr11x oueHOK. 

Bee 06cy)l(.!laaw11ec.11 0UCHKl1 C00TBeTCTBYIOT Ha 6JIH3-
K0M yp0BHC pe3yJibTaTaM .1111.q>cpepeHUHaJlbHblX 113MepeHHH 
CC'iCHJ1JI .!lJl.11 B036Y:>K.neHH.II yp0BH.11 C 3Heprnett. 0,68 M3B 
C y'ieTOM pa36poca .naHHblX, ony6Jil1KOBaHHblX pa3JIH'-!Hbl­
MH aBT0paM11. 

OueHKB CENDL-2 cooTeeTCTByeT pe3yJibTaTaM .1111cp• 
cpepeHU11aJibHblX 113MepeHHH ce4eHl1.II .llJl.11 B036y)l(.!leHH.II 
ypoaHJ1 c :rneprnett 0,732 M3B JIY'-!We .npyrttx oueH0K. 

Pe3yJibTaTaM .n11cpq>epeHUl1aJlbHblX H3MepCHl1H Ce'-!e­
HliJI ynpyroro pacce.11HJ1J1 .!lJIJI HCKOT0pblX 3Ha'-!eHl1li £ 113 
o6nacrn OT 0,055 .!l0 4 M3B nyqwe C00TBeTCTBYIOT oueHKH 
JENDL-3.3, JEF-3 H ENDF/B-7, c pe3yJibTaT0M 113Mepe­
HHH np11 3Ha4eH1111 E = 7 MJB cornacylOTCll T0JibKO oueH­
K11 JEF-3 H CENDL-2, ace 06cy)l(.!laew11ec,11 oueHKJi corna­
cy10TC.11 C pe3yJI&TaT0M H3MepeHl111 npH 3Ha4CHH11 £ = 
= 14, I MJB, a .neyM pe3yJlbTaTaM 11JMepeH11H np11 3Ha'ie­
HHl1 E = 14,2 MJB Jiy'iwe .upyr1-1x cooTaercTeyeT oueHKa 
ENDL-84. 

OueHKJ1 JENDL-3.3, ENDF/B-7, JEF-3, CENDL-2 
11 BROND-2 cornacy10TCll c pe3yJihTaTaMH .n11cpqiepeHUH­

aJibH&1x ll3MepeHl1H CC4CHl1.II peaKUl111 (11, 211) JIY<fWe oueH­
Kl1 ENDL-84. Pe3yJibTaTaM HHTerpanbHbIX H3MepeH11H ce­
'-!CHl1ll peaKu1111 (n, 211), ycpe.nHeHHoro B cneKTµe HeHTµ0-
H0B CTT0HTaHH0ro .neneHl1.II 252Cf, JIY<fWC .upyr11x C00TBeT­

CTByeT oueHKa JENDL-3.3. PeJyJibTaTaM .uttcpcpepeHUHaJlh­
HbJX 113MepeHl1H ce'ieHliJI peaKUHII (n, 311) JIY'fWC .npyr11x 
oueH0K 1n 06CY*.llaew11xc,11 cooTeeTCTBYIOT ENDF/B-7 
11 JEF-3. 

B 0611acT.11x OT 0,02 no 0, I MJB H OT 0, 1 .no 0,56 MJB 
ace 06cylK.11aewaeca oueHKH C00TBCTCTBYIOT pe3yJJbTaTaM 
.u11cpcj,epeHUl1aJibHhJX 113MepeHHH Ce4CHl1.II pa.uHaUH0HHOro 
Jaxearn, a a 06nacT11 OT 0.56 .uo 20 MJB pe3ynbTaTaM rn­
KHX H3Mepet111i1 nyqwe coorneTcTByeT oucttKa CENDL-2. 
Pe3yJlbTaTaM HHTerprulbHblX 113MepeHl1fi Toro )KC ce'-!CHltJI 11 
B o6nacrn OT 0,02 .uo 0, I M1B, 11 s 06nacn1 OT 0, I .ll0 
0,564 M')B ya1ue coorneTcrnyeT oue111<a ENDL-84. Conoc­

TaBJIJlll JTII BblB0.UM C BblB0.UaMH, nony'-leHHblJ\111 npu o6-
CY)K.llCHm1 C00TBCTCTBl1ll 0UCH0K pe3yJlbTaTaM .u11cpcpepe11-
UllailbHblX H3Mepett1111 ce,1eHl1Jl pa.llllallll0HH0ro 3axsaTa 
a o6nacrnx OT 0,02 no 0,1 MJB H OT 0, I .110 0,564 MJB, 
npHX0.UllM K 3aKJJI04eHIIIO, '-!TO B JTMX o6nacrnx oueHKa 
ENDL-84 cooTBeTCTBye1 peJynhTaTaM 11 .u11¢cpepettu11anb­
HbJX, 11 11HTerpaJlbHblX H3MepeHl1H Ce'-leHHJI pa.1111au110HHOro 
Jaxsarn JlY'fWC .llpyrnx oueH0K HJ o6CY:>K.naBWIIXCll. 



-
Pe1yJJbTaTaM nmj)qiepeHU11aJlhHblX H3Mepett11i1 Ce'!e­

HHJI ttcynpyn1x s1a11MO.UeitCTBllii JIY'!We C0OTBeTCTBYIOT 

s o6Jiacrn OT 0,15 no 1,725 M3B oueHKa BROND-2, s 06-

JiaCTH oT 3 no 8,1 MJB - ouettK11 JENDL-3.3 11 BROND-2, 

s o6nacrn OT 11,9 no 18,4 M3B - oueHKH ENDL-84, 

JENDL-3.3 11 BROND-2. 

PeJyJibTaTaM llHqJcjiepettuHanbHblX 113MepeHIIH noJIH0-

ro Ce'!eHHJI 8 06nacT11 OT 0,02 ll0 0.2 M)B JJy'!we C00TBeT­

CTByeT ouettKa JENDL-3.3. C y'!eToM pa16poca pe1ynhrn­

T0B m1qiqiepeHUl1aJlbHblX HJMepe,rni\ ll0JJH0ro ce'!eHHJI, 

ony6JIHKOBaHHbJX pa3nI1'1HblMl1 asTopaMli, B o6naCTl1 OT 

0,2 no 0,96 M3B HM coorneTCTBYIOT see 06cyJK1tasw11ecJ1 

ouett1u1, a s o6nacrn 0,96 no 20 MJB ouettK11 JENDL-3.3, 

ENDF/B-7, JEF-3, CENDL-2 11 BROND-2 coorneTCTBYIOT 

JTltM pe1yJ1bTaTaM nyywe oueHKII ENDL-84. Pe1yJJhTaTaM 

IIHTerpanbHblX IIJMepeHIIH nom10ro ceYeHIU! B33HMOJlel!CT­

BIIJI Yall(e coorneTCTBYIOT B o6nacrn OT 0,0215 no 0,2 MJB 

oueHKH ENDF/B-7 11 BROND-2, a B 06nacT11 OT 0,2146 JlO 

0,960 I MJB - oueHKa BROND-2. ConocrnBJJJ1J1 JIBa no­

cneJ1H11X BblB0).la C np11se.neHHblMl1 BbIWe BbJB0.QaMH, nony­
<JeHHb1Ml1 np11 06cyJK,nem111 C00TBeTCTBl1JI oueH0K peJyJih­

TaTaM .n11cpcpepettu11anbHblX HJMepeHIIH fl0JlHOro ceYeHHJI 

B3al1MO.UeHCTBHJI B o6nacrnx OT 0,02 ll0 0,2 M3B II OT 0,2 

,uo 0.96 MJB, np11xon11M K 1aKJI10'!ett1110, ':ITO s nepsoii 111 

1TIIX o6nacTeii peJyJibTaTbJ .UH<p<pepeHUliaJlbHbJX li3Mepe­

Hl1H He C0OTBeTCTBYIOT pe3ym,TaTaM 11HTerpanhHblX H3Me­

peHHII. a BO BTOpOH o6nacrn peJyJJhTaTaM H .n11cjicpepettu11-

aJlbHblX, 11 IIHTerpanbHblX ll3MepeHHH fl0JJH0ro Ce'!eHl1JI 

s1a11Monei1crn11J1 nyywe coornercrnyeT ouettKa BROND-2. 

TaK KaK s o6nacrn OT 0,02 .no 0,2 MJB K0JJ11Yecrno pe­

JYJJhTaTOB il11cpq>epeHl.l11aJlbHblX H3MepeH!1M JaMeTHo npe­

BbIWaeT KOJIH4eCTBO pe3yJibTaT0B HHTerpaJJbHhlX 113Mepe­

HHH, TO B JTOii 06JiaCTl1 11pe.nno4TeH11e MQ)KHQ 0T)laTb 

yp0BHIO coorneTCTBIIJI peJyJibTaTaM .n11cjlcpepeHumuihHblX 

111Mepem111, TO ecTb ouettKe JENDL-3.3. 

C peJyJlbTaTaMJt 11HTerpanbHblX J13MepeHIIH fl0JIH0ro 

ce4ett1ui pacceJ1HIIJ1 Yaiue cornacy10TCJ1 ouettKH ENDL-84, 

JEF-3 11 ENDF/B-7. Bee 06cy)KL1aBW}tecJ1 oueHKH coorneT­

crny10T pe3yJlbT3TaM H3MepeHHil ':IHCJJa BTOpHYHblX MrH0-

BeHHbtX HeihpOHOB H fl0JJH0ro •mcJJa BT0p11YHblX Heihpo­

H0B Ha aKT neneHHJI. Pe1yJihTI1TaM H3MepeHHi1 ':IHCJia BT0-

pHYHblX 3alta3Jlb!Ba10WIIX Heihpouos Ha 3KT neneHl1JI oueH­

KH ENDL-84, JENDL-3.3, ENDF/B-7, JEF-3 11 CENDL-2 

coorneTcrsylOT ny4we oueHKII BROND-2. Bee 06cy-,K­

nasw11ecJ1 oueHKll cornacy10TCJ1 c pe1yJihTaTaM11 HJMepe­

HllH llOJIHOro 411CJla BTOp114HblX HeiiTPOHOB Ha aKT nene­

HH.JI. 

AttaJIJl3 He Bb!JIBHJI oueHKY, KOTopall l!BHO npesocxo­

).IIIJJa 6hl OCTaJibHbJe HJ o6C)"',K,1laBWIIXCll oueH0K no ypos­

HIO C0OTBeTCTBJIJI BCeM pe1yJlbTaTaM H3MepeHHi1, K0T0pbt­

Ml1 Mhl pac11onanu111. TeM tte Mettee, cpe,n11 ;1yYw11x 110 

JT0MY KparepHIO 'lalUe OKaJbJBaJOTCJI oueHKH JENDL-3.3 H 

ENDF/B-7. B1v1ecTe c TCM, 0H11 ycrynaio1 ouettKe ENDL-84 

110 ypOBIIIO C00TBCTCTBlill peJyJJhTaTaM IIHTerpanbHbJX 

l13MepCHIIII ce'!eHllJI ).leJ1eHllll. ycpe,llHCIIH0ro B cneK'rpe 

11ei1TPOHOB CflOl!TaHH0ro neneHHll ~
52Cf. 
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3aKJIIO'leH11e 

TTpose.neH aHaJJl13 pa3Jll14Hb1X oueHOK xapaKTepHCTl1K 
- 6 - 232.23su B3al1M0.UeHCTBl1ll blCTPb1X Hel1TPOHOB C ll,UpaM11 . 

XapaKTepHCTHKaMH Mbl HaJb!BaeM Ce4eHl1.JI pa3JIH4Hb1X 

peaKU11M 11 4HCJia BTOp114HblX HeHTPOHOB Ha aKT neneHl1JI. 

.l].JJJ! Ka)l(,lloro HJ paCCM0TPeHHblX ll,llep Hl1)1(Hllll rpaHHUa 

1ttaYeH11ii JHeprn11 HeHTPOHa £ pacnonaranacb BbIWe 06-

nacTH. 8 KOTOpOH np0JIBJIJIIOTCll pa3peweHHble peJOHaHCbl 
ouetteHHblX Ce4eHl1M. 

L\eJiblO attaJJH3a 6hIJIO BblllCHeH11e CO0TBeTCTBHll pac­

CM0TPeHHblX oueH0K HaKOITJieHHb1M pe3yJibTaTaM .ll11cj,cpe­

peHUHanbHblX 11 HHTerpaJJbHb!X 113Mepett11M 11 peKOMett.nye­

MblM ce<J.eHHJIM. AHaJ1H3 ocymecTBJJJIJICJI flYTeM cpastteHHll 

oueH0K C pe1yJJbTaTaM11 .n11cjJcpepettu11anbHblX 11 HHTerpaJib­

HbJX H3MepeHl1M H C peK0MettnyeMb1MH Ce4eHJI.JIMl1. )].JI.JI 

HefJO.llBillKHb1X 11 CB060l!Hb!X Jl).lep-MHWettett paCCM8TPIIBa­

Jll1Cb oueHKII HJ cospeMeHHhlX sepc11ii 6116mtoTeK ENDL 

(CWA), JENDF (5Inott11J1), ENDF/8 (CWA) (.llJJJI 

ENDF/B-7 ncnoJlh30BaJJacb !3.3 sepc,ui), JEF (Esponeii­

CKHH co101), BROND (Pocc11J1), ITMO (Eenapycb) 11 

CENDL (KHP). TTposenettttoe cpasHeH11e ouettoK xapaKTe­

p11cT11K C pe3yJibTaTaMl1 HJMepeHHtt Ha 6bJCTPblX HettTPO­

Hax, K0T0pbtMH Mb! pacnonarrum, H C peK0Mett.nyeMblMII 

ce1.J.eHH11M11 nano HarJJJl.llHOe npe.ncrnsneHHe o Ka4eCTse 

JTl1X oueH0K. KaK pe3yJihTaT attaJJl13a ).IJUI Ka)K,llOf0 HJ 

pacCM0TPeHHblX JI.Qep Ha383Hbl oueHKH, ny<J.we 
COOTBeTCTB0Baswue peJyJihTaTaM Tex ltJIH l1HhJX 

113MepeHIIH Ha 6hlCTPblX tteiiTpottax 11 peKOMett.nyeMblM 
Ce4eHl1llM. 

Pe3yJihTaTbl pa60Tbl MOryT npellCTaBJIJITb l1HTepec )IJlll 

cneu11an11CTOB no KOHCTaHTHOMY o6ecne4eHHIO nporpaMM 

':IHCJieHHOro peweH~U! npHKJI3JlHblX Ja}la4 aTOMHOM )Hepre­

THKli. 
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