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YAK 62 l.039.55 

llMIIY JThCIThIE PEAKTOPhl B HHCTHTYTE TEXJIHllECKOH <I>H3HKl:I 

3 . n. Mar~a, B. II. KomMHKOB, <I>. n. Kpymrn, H. n. KypaKOB, B. A. KpbI,teaHOBCKHH, 
Ji. r . Jlesa1eos, B. H. MapKos , H. C. Ilorpe6os, M. r. Ilonos, A. A. Cnoo1eos, 

B.o.TacKnn,B.H."l{epames 

P<l>JllJ:-BIB111T<l>, 456770, r. Ctte)KHHCK 4em1611ttcKoii 0611., a/ff 245 

)].aH KpaTKIIA O'lepK H8'laJlbHOfO nep11O)18 HCTOpl!H COJ)laHIIJI HMnynbCHblX !UlepllblX peaKTOpoe B P<l>511.l-BHHHT<l>. 

PULSE REACTORS IN THE I STITUTE OF TECHNICAL PII VSICS / E. P. MAGDA, V. P. KOSHMVAKOV, F. P. KRUPJN, 
N. P. KURAKOV, V. A. KRVZHANOVSKI, B. G. LEVAKOV, V. N. MARKOV, I. S. POGREBOV, M. G. POPOV, A. A. SNOPKOV, 
V. B. TASKIN, V. I. CHERASHEV // The paper gives a brief review of the initial period of pulse nuclear reactors creation in RFNC-VNIITF. 

Pa60Tbl no COJ,11.amno HMTTYJlbCHblX H,11.epHblX peaKTO­
poB (l,UfP) 6btJJH Ha'-laTbt s P<l>.H"U-BHill1T<I> s OKTH6pe 
1960 ro.u.a no npeAJJO)Kemuo PYKOBO.lUITeJJH <j>HJH'-leCKOfO 
OT,11.eJleHHH HHCTlnyra npo<j>eccopa, .ll.OKTOpa <j>H3.-MaT. 
HayK IOpHff ApOHOBH'-la 3blCHHa. DblJlO npeAJJO)KeHO pa3-
pa6oTaTb .nsa rnna 115fP: c aKTHBHOH JOHOH (A3) HJ BbIco­
K006oraweHHoro MeTaJJJJHlfeCKOfO ypaHa H C A3 B BH.ll.e 
pacTBopa COJJH ypaHa B 06bllfHOH so.u.e. PeaKTop C MeTaJJ­
JlH:lfeCKOH A3 noJJylfHJl HaJBaHHe 6APC (6btCTPblH aToM­
HblH peaKTOp caMOraCHUJ,HHCH). B ,11.aJJbHeHweM :noT THn 
peaKTopos noCTOHHHO cosepweHCTBOBaJJCH, H 6b1J1a C03JW­

Ha cepHH 11MnyJ1bCHblX peaKTopos 6APC-I - 6APC-6. B To 
)Ke speMH H. H. HeBO.ll.HKlfHH npeAJJO)KliJI pa3pa6oTaTb 
peaKTop Ha JaMOpO)KeHHOM pacTBope. TTpeAJJO)KeHHe 6b!Jl0 
npHHHTO, H 6y.n)'lllHH peaKTop no.nylfHJl Ha3B3HHe 3Jil1P 
(3KCnepHMeHTaJlbHblH Jle.ll.HHOH HMTTYJlbCHblH peaKTop). 
3TOT BH.ll. peaKTopa .ll.OJl)KeH 6b1Jl HMeTb 60JJbWee y,11.eJlbHOe 
3HeproBbl.ll.eJJeHHe no cpairneHHlO C 06blllHblM peaKTOpOM 
Ha TOf!JlHBe B SH.Ile pacrnopa, 'ITO Bbl3BaJJO K HeMy 3Ha'-IH­
TeJlbHblH HHTepec. Pa60Tb1 no coJ,11.amuo peaKTopa 6APC-I 
soJrnasHJJ 11. C. TTorpe6os, a no COJllaHKIO peaKTopa 
3Jil1P - H. H. Heso.nHHlfHH. 

TTpoeKTHpOBaHHIO peaKTopOB npe.u.wecTBOBaJJH KpITT­
MaCCOBble pac<teTbl, paClfeTbl no KHHeTHKe peaKTOpOB, no 
HAepHOH 6eJonaCHOCTH npH H3fOTOBJJeHHH H pa6ore C A3. 
Ha MaKeTax OTPa6aTb1BaJJacb pa6orocnoco6HocTb Mexamo­
MOB peaKTopos H CHCTeM ynpaBJJeHH.SI. B .SIHBape 1964 ro­
.na peaKTop 6APC- I 6b1J1 npeab.siBJJeH KOM HCCHH no <j>H­
JH'-leCKOMY nycKY, a 28 anpem1 1964 ro,11.a 6btJJ noJJylfeH nep­
BblH HMnyJJbC .neJJeHHH s pearcrope. napaMeTPbl EAPC-I 
6blJlH 6JJH3KH K napaMeTPaM aMepHKaHCKHX peairropos 2-ro 
nOKOJleHHff [I , 2]. ,l.\eTaJJH A3 6blJlH 113fOTOBJleHbl HJ BblCO­
KOnpOlfHOro ypaH-MOJJH6.neHOBOf0 Cf!JlaBa H HMeJJH Tep­
MOCTOl:\Koe aHTHKOppOJHOHHOe noKpblTHe. 

TTepBble HMnyJJbCbl .neJJeHHH s HaweM HHCTH,yre 6bl­
JlH nOJJy<leHbl s .SIHBape 1964 ro.u.a Ha CTeH.ne AJI.SI KpHTHlfe­
CKHX c6opOK (CKC) 10. n . MHJJOB3HOBblM 11 JI. 6. no-

3 

peUKHM. An.si reHepaUHH HMTTYJJbCOB HcnOJlb30BaJJaCb c<j>e­
pH'-leCKa.SI c6opKa c nOJJOCTblO HJ ypaHa-235 90 %-Horo 
o6oraweHHff Maccon 48 Kr H c oTpa)KaTeJJeM HJ Me,11.H. 11M­
rryJJbCbl .neJJeHHH reHepHpOBaJJHCb C MOWHOCTH I BT, H HX 
napaMeTpbl JaBHCeJJH OT CKOpOCTH BB0,11.a peaKTHBHOCTH. 
IloJJylfeHHbJe HMnyJJbCbl HMeJJH )HeprOBbl.ll.eJleHHe 3a HM-
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rryJJbC - IO .neJJ. H noJJywHpHHY - 200 M KC. Bo speM.si 
HMTTYJlbCa MO>KHO 6b1Jl0 Ha6JUO.nan, C noMOW.blO CHCTeMbl 
3ep1<aJJ, YCTaHOBJleHHblX B peaKTOpHOM JaJJe H KOp11,!1ope, 
cseTOBble BCnblWKH, B03HHKaBwHe BOKpyr A3 33 ClfeT HO­
HHJaUHH BOJAyxa. 3Ta c6opKa .SIBHJlaCb MO.ll.eJlblO peaKTO­
pos THna 36P. PeaKTop 36P- I 07 3Kcnnyarnposanc.si Ha<rn­
Ha.SI c 1965 ro.na. B 1967 ro.u.y peaKTop 36P-107 wcnoJJb­
Josanc.si AJljj HJylfeHHff npOXO)K.ll.eHJ.i.SI HeHTpOHHOfO H 
raMMa- l-i3JJYlfeHH.SI B npl-i3eMHOM CJJOe BOJ,11.yxa. A,n.si 3TOro 
peaKTop YCTaHaBJJHBaJJC.SI Ha cneuHaJJbHOi:I nOACTaBKe Bbl­
COTOH 6 M. nyJJbT ynpasJJeHJ.i.SI w onepaTOpbl pa3MeUJ,aJJHCb 
B OTAeJlbHOM 3,11.aHHH. PeaKTop pa6oTaJJ Ha MOWHOCTH 
- I KBT. KpoMe wccJJe.nosaHHH npoxo)K,11.eHHff HJ.ny'leHHff s 
BOJAyxe C nOMOlllbfO peaKTopa nposepHJJHCb JaWHTHble 
CBOlkTBa HMelOIUeHC.SI Tor.u.a 6pOHeTaHKOBOH TeXHflKH. B 
AaJJhHei-1.weM 6brn pa3pa6oTaH pa60Ta10W.HH BHe noMewe­
HH.SI cneuHaJJH3HposaHHbti1 peaKTop PYC. OH 6b1J1 sse.neH 
B 3KCf!JlyarauKIO B 1978 ro.ny. 

PeaKTop 36P-200 6b1J1 pa3pa6oTatt IO. 6. MHnosaHo­
BblM H B. H. KOHHOBblM. B 1976 ro.u.y peaKTop 6b1Jl M0-
,11.epHHJHpOBaH H sse.neH B 3KCnJJy3TaUHJO KaK peaKTop 
36P-200M. XapaKTepHoH oco6eHHOCTbfO peaKTopa HBJJ.SI­
JJOCb HaJJH'-IHe 60JlbWOH BHYTPeHHeH noJJOCTH 06beMOM 
- 6 JJ tt Me.nHoro OTpa)KaTeJJ.si TOJJUJ,HHOH 11 CM. B AaJJb­
Hei:lweM peaKTop 6b1Jl eme pa3 MO.nepHH3HpOBaH H C 1981 
ro.na HCnOJlbJyeTC.SI AJI.SI HCCJJe.nosaHHH no .si.nepHOH HaKalf­
Ke Jla3epos. PeaKTop HMeeT CKBOJHOH ropH30HTaJlbHblH 
K3HaJJ .ll.HaMeTpOM 125 MM, r.ne MOryT pa3Me!llaTbC.SI JlaJep­
Hble KIOBeTbl w HOCHT HaJBaHHe 36P-JI [3]. 

PeaKTop 3JIHP c pacTBOpHoii A3 6b1J1 sse.neH s 3KC­
nnyarau.11t0 B 1966 ro.ny. 11ccJJe.nosaHn.si peaKTopa c lfac-



Tlfl-lHO (2/3) 3aMOpO)l(eHHOH A3 6blJ1H BbtnOJlHeHbl no3.nHee, 

e 1972 ro.ny. B pe3yJlbTaTe HCCJle.noeaHHH 6blJ1H no.nTBep­
)1(.UeHbl octtoBHbie npe.ncrneneHI-UI o npoueccax, npo11cxo­

JJJILUHX B Jle.U.RHOH A3 B MOMeHT 11Mnynbca, 11 pactJeTHble 
napaMeTPbI HMnynbca. O.nHaKo 113-3a TPY.UHOCTei1 e c6opKe 
o.nHopo.nHoi1 no o6beMy 11eJJJ1HOH A3 H 60J1bWHX JaTPaT 
epeMeHH Ha ee C03,naHHe (HaMopa)l(HBaHHe npHXO.UHJlOCb 

npOBO.UHTb nocTeneHHO, He60JlbWHMH CJlO.RMH) B .Ua.JlbHeH­

weM e 3TOM pe)l(HMe peaKTop He 3Kcnnyarnpoeanc.R. 

B I 976 ro.ny H. H. Heeo.nHH'IHM H A. J1. TKatJeHKO 
6b1J1 JanyLUeH 6011ee MOLUHbIH pacrnopm,1i1 J1JIP J1fPI1K 

[4]. PeaKTOp HMeeT 60J1blll)10 nOJlOCTb B A3 .nJJ.R 06JTY'le­

HM.R HCCJle.nyeMblX o6pa3UOB H cero.nH.R MO)l(eT pa60TaTb B 
HeCKOJlbKHX pe)l(HMax: HMnyJlbCHOM, KBa311HMnyJlbCHOM, C 

eapbHpoeaHHeM .nJJHTeJlbHOCTH 11MnyJlbCa OT 2 MC .no 0, I c; 
nocne.noeaTeJlbHblX 11MITYJlbCOB, C 11HTepeanoM Me)l(.ny HM­

nyJlbCaMH :::, I c; CTaTHtJeCKOM Ha MOLUHOCTH .no 20 KBT. 

PeaKTOp OCHaLUeH KOHBepTOpaMH, n03BOJUflOLUl1Ml1 H3Me­
HJITb cneKTPa.JlbHblH COCTaB HeHTPOHHOro H3JlytJeHHJI 11 
COOTHOWeH11e raMMa- H Hei1TPOHHOH KOMnOHeHT B HMnyJlb­
ce OT IO .no I 000 pa3. 

B 1990 ro.ny eee.neH e 3Kcnnyarnumo 1151P JifYAP 

[5]. PeaKTop 6b111 pa3pa6ornH no.n pyKoeo.ncrnoM 6. r. Jle­
eaKoea. B 3TOM peaKTope 3a ctJeT eee.neHHK e Koprryc 

A3 cneLI,Ha.JlbHOH ecTaeKH, noJBOJl.RIOLUeH pacrnopy pac­

wHpKTbC.R He TOJlbKO B.UOJlb OCH, HO 11 ITO pa.n11ycy, y.na­

JlOCb cyLUeCTBeHHO COKpaTl-!Tb .nJJHTeJlbHOCTb HMnyJlbCa -

.no 800 MKC. A3 peaKTopa 11MeeT CKB03HOH 3KCnep11MeH­

Ta.JlbHblH KaHan, 'lTO y.no6HO .nJJ.R npoee.neHl1JI 3KCnep11-

MeHTOB. 

Oco6ettHOCTblO pacrnopttb1x 115IP P<l>51LI,-BH11J1T<l> 

.RBJl.ReTC.R TO, 'lTO paCTeop nocne reHepaw,111 11MITYJlbCa CJlH­

eaeTC.R e .R.neptto-6e3onacHb1e 6a.nJ10Hb1-xpaHHJ1HLUa, pac­

no11o)l(eHHb1e no.n noJlOM 3a 6HOJ10rH'leCKOH 3aLU11TOi1. 3TO 

ynytJwaeT 6e3onaCHOCTb npoee.neHH.R 3KCnep11MeHTOB H 

n03B0Jl.ReT HCnOJlb30BaTb .nJJ.R 3KCnepHMeHTOB BblXO,IJJILUee 

eo epeM.R HMnynbca 113 A3 raMMa-HeHTPOHHOe 11311y1.JeHHe. 

1151P caMorac.Rmeroc.R .neHCTBl1.R B OCHOBHOM 11CTI0Jlb-

3YIOTC.R .nJJ.R 113y1.JeHl1JI .neiiCTBH.R 11MnyJlbCHblX nonett raM­

Ma-HeHTPOHHoro H3JTY'leHl1.R Ha pa3111-f'lHble o6beKTbl. no-

3TOMY OCHOBHblMl1 napaMeTPaM11, xapaKTepH3YIOLUHMH 
Ka'leCTBa MJIP, .RBJlJIIOTC.R <jmIOeHC H 06beM, B KOTOpOM 

npOBOMTC.R 3KCnepHMeHTbl. 8 O.UH030HHblX 115IP C MeTa.J1-

Jll11.JeCKOH A3 H .nJJHTeJlbHOCTblO HMTIYJlbCa 50-100 MKC 3TH 

napaMeTpbl npaKT111.Jec1rn 11C'lepnaHbl. O.nttaKO O'leHb tJaCTO 
B03Hl1KaeT Heo6xo.nl1MOCTb B o.nttopo.nHOM o6ny'leHHl1 

npOTK)l(eHHblX H Kpynttora6apHTHblX 06beKTOB. Pac11rnpe­

H l1e B03M0)1(HOCTeH 115IP B 3TOM 1-1anpae11eHHH BH.UeJlOCb B 

C03AaHHl1 MHOr030HHblX CHCTeM. TT03TOMY no npeAJJO)l(e­

HHIO M. C. TTorpe6oea e 1974 ron.y 6b1110 HatJaTo co3n.attHe 

.neyx30HHbIX lUIP EAPC-4 11 6APC-5 c A3 H3 cnnaea Bb1-

c0Koo6oramett1-1oro ypaHa c MOJ1H6n.ettoM 11 nepeMeHHbIM 

pacCTO.RHMeM Me)l(JJ.Y A3. Pa60Tbl 6bIJ111 1-1a<laTbl C pa3pa-

60TKH MOAeJJett KHHeTHKH MHOro30HHblX CHCTeM 11 TIOCTa­

HOBKl1 3KCnepHMeHTa.JlbHblX Hccne.noeaHHH C .UBYM.R 11M­

nyJlbCHblMl1 .RAepttblMH peaKTopaMH 36P-200 11 PYC. 3Kc­

nep11MeHTb1, BbtnOJlHeHHble HaM11 B 1978 ron.y, nOKa3a.J111 
B03MO)l(HOCTb C03AaHl1.R ABYX30HHblX Cl1CTeM H onpen.e1111-
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1111 OCHOBHble rrp11HU11nbl ynpaeneHKK HMH [6]. Pe3yJ1b­

TaTbl pa3pa6oTKH Mon.eneA HaUJJJH ceoe OTPa)l(eH11e e pa6o­

rnx [7, 8]. 

B npouecce co3.naH11.R peaKTopoe 6APC-4 11 6APC-5 
[9], KoTOpoe npoeom,rnocb non. pyKoeo.ncrnoM A. A. C1-1on­
Koea, 6blJ1M peweHbl OCHOBHble eonpOCbl no ynpaeneHl110 

CB.R3aHHblMl1 1151P, 6b1Jl npe.nno>KeH 11 BHen.peH 6e3onaCHblH 

MeTO.n rettep11poeatt11J1 11MnyJlbCa O.UHOBpeMeHHO B ABYX A3 

C Cl1JlbHblM BHYTPeHHl1M HCTO'lHHKOM HeHTpOHOB C nOMO­

lllblO CKOpOCTHblX (AO 300 ~/c) perymTOpOB peaKTHBHO­
CTH, pa3pa6oTaHO ynpaeneHHe AByx30HHblM peaKTopoM C 

nOMOlUblO !BM Ha 6a3e MaTeMaTHtJeCKOH Mo.nenH AJl.R 

.neyxKoMnOHeHTHOH c11CTeMbl. PeaKTop EAPC-4 see.nett e 
3Kcnnyarnu1110 e Hl1J1 np116opoe e 1982 ron.y, EAPC-5 - e 
P<l>51LI,-BHl111T<l> e 1986 ro.ny 11 6APC-6 - e <1>311 e 1994 

ro.ny. 
3a epeM.R 3KcnnyarnuHH 115IP e P<l>51U- BHJ111T<l> 

6bIJ1H IT0JlyYeHhl MHOrHe TblC.R'lH HMnyJlbCOB H npoeen.ettbl 
MHOrQ'lHCJleHHble nyCKl1 B CTaTH'leCKHX pe>K11Max. TTpH 3TOM 

B cpe.ntteM Bbl.UaBaJJC.R O.UHH HMITYJlbC B CMetty. B HaCTO.R-
1.Uee epeM.R c03.naHHb1e e P<l>51U.-BHl111T<l> l15IP EAPC-1, 2, 
3, 4 11 6 3KCilJJYarnpylOTC.R B .npyrnx HHCTmyrax POCCHHCKOH 

<l>e.nepa11H11, e P<l>51LI,-BHl111T<l> pa60TalOT HJIP EAPC-5, 
11f Pl1K, 51rY AP H 36P-J1. XapairrepHCTHKH peaKTopoe, 
pa3pa60TaHHblX B 11HCTHTy-Te TeXHHYeCKOH <pH3HKH, np11ee­
,lleHb1 e rn611. I H 2 . 

Ha Yl51P B OCHOBHOM 11cc11e.noea.nocb BJ1HKHl1e MOlll­

HblX HeHTpOHHblX 11 raMMa- noTOKOB Ha no11ynpoeo.nH11KH 

(repMaHl1H H KpeMH11H), nonynpOBO,llHHKOBble npH60pb1, 

LlH3JleKTPl1KH, npoMe>KYTKl1, KOH.UeHCaTOpbl, 3JleKTpo- H 

pa.nHOH3Llemrn, MHKpocxeMbl. Ha OCH0Be 3KCnepHMeHTa.Jlb­

HblX .naHHblX 6blJ1H C03.naHbl MO.nenH noeeneHH.R KOHKpeT­

HblX 3JleMeHTOB pallH03JJeKTPOHHOH annaparypbl B non.RX 

HOHH311py10mero H3JlyYeHHK, pa3pa60TaHbl <pH3H4eCKl1e 

MOLleJJH pa.n11au110HHO-Haee.neHHOH 3JleKTponpOBO,llHOCTH 

TBep.nblX .UH3JJeKTPHKOB 11 B03.nyxa, C03.natta TeopeTHYeCKM 
MO.UeJlb pa.n11aUHOHHO-Haeen.eHHblX noTeHUHa.JlOB B CTPYK­

TYPaX MeTa.nn - .n11311eKTPHK 11 MHoroe npyroe. 

Ha pacrnopHblX peaKTopax npOBOLlHJlHCb pa3H006-

pa3Hble 6HOJJOrH4eCKHe HCCne.noeaHHK. B YaCTHOCTl1, H3Y-

4aJ10Cb 803.UeHCTBHe 60JlbWHX A03 pa.n1-1au.11H Ha )l(HBble 

opraHl13Mbl (Kpb!Cbl, KpOJJHKH, co6aKH). Pe3yJJbTaTbl HC­

c11enoea1rnj;j Haw1111 ceoe OTPa)l(eH1-1e e KJJHHl14eCKOH npaK­

THKe. 
B noc11entt11e ro.nb1 115IP P<l>.m . ..{- BHI111T<l> e ocHoe­

HOM 11cnOJ1b3YIOTC.R AJl.R peweHH.R lJHCTO HayYHblX 11 KOH­

eepcHOHHblX 3aAa'l. 3TO HCnblTaHH.R MaKeTOB H TOnJJHBa 

TenJJOBbIAeJJ.RIOlllHX MaKeTOB .RllepHblX 3JleKTPOCTaHUHH 

npH Mo.nenHpoeaHHH aeapHHHblX CHryaUHH. Pa60Tbl npo­

B0.U.RTC.R Ha 115IP 11rPHK, KOTOpblH c ycTaHOBJleHHblM e 

KaHane KOHBepTOpOM n03BOJJ.ReT pa3orpeeaTb HH3K0060-

rameHHble o6pa3Ubl T0TIJ111Ba .no 5000 °C. 

Ha peaKTopax 6APC-5 H 36P-J1 se.QYTC.R Hccnenoea­

HH.R no JJa3epaM C .R,nepHOH HaKaYKOH. Pe3y11bTaTbl HCCJJe­

LlOBaHHH MO)l(HO HaHTH e o63opax [11 - 13]. 

TaK11M o6pa30M, K HaCTO.RlUeMy speMeHH P<l>51LI,­

BHl1YIT<l> 11MeeT caMb1e coepeMeHHb1e 1151P, KOTOpb1e 

WHpOKO 11cnOJ1b3YIOTC.R AJl.R ttayYHblX HCCJ1e.noeatt11H. 



Ta6n11ua I 

XapaKTepHCTHKH pea1nopoa, pa3pa6oTaHHblX B P<I>>IU.- BHl111T<l> 11 CHS!ThIX c JKCOJJYaTau.1111 

T,m peaK'fopa 
TTapalltcrp 6APC-I 6APC-2 6APC-3 

'.)EP-107 3Jll1P 
36P- 6APC-4 

[ I OJ [I 0) [I OJ 200M [9J 

ro11 880113 8 JKCnJ1yaT3UHK) 1964 1969 1972 1965 1966 1976 1982 

Macca 1rn11 061>eM A3. Kr. n 88,5 116 124 46 23 75 2·125 

Pa:iMep A3. MM 
185 210 230 • 420 • 227 llH3MeTp 183 183 

8blCOTa 168 227 203 900 217 
Pa:iMep 3KCnepHMeHTaJlbHOro KaHana, MM 

AHlL'IICTp 30 60 60 107 80 200 60 
8btCOTa 180 

411cno 11ene1111H 8 HMnynbce 7·1016 l.8· 10
I7 2·101 7 2.5·10

16 
5 6·10

17 
, l.8·10

I7 
2·2,3 ·10

17 

MaKCHMaJlbH!UI TeMnepaTYpa A3, °C 260 400 440 145 200 470 600 

<l>moe11c HeHTpOH08 8 JKCnepHMeHTaJlb- 5·1014 6·10
14 

7· 10
14 

2·10
14 

I I · 10
15 

4·10
14 

1·10
15 

HOM Ka11ane , 

<l>moeuc IICHTp01108 y A3, I /cM 2 
I · I0

14 2·1014 2.4· 1014 l,6·10
14 

3· 10
14 

MHH. nonyw11p11Ha 11MnyJlbC3, MKC 48 60 50 120 1600 50 50 

BpCMll lKl13HH IICHTPOIIOB B A3, C 10- 8 l ,2·10-8 1,1·10-8 2·10-8 2-10-5 2,5· 10-8 l ,2·10-8 

KoJ<j><j>HUHCIIT raweHHJI peaK'fHBHOCTH, 
4,6 1,8 1.2 5,6 3,0 1,5 20 

a6c. e.n./.nen.,x I 0 

Pa:iMep OTPa>KaTeJljf 113 MCllH - 400 MM. 

Ta6J11,1ua 2 

XapaKTep11crnK11 .nei1cTBYIOlllHX e P<l>51l..(-BHI1HT<l> 11MnynhCHhIX si.nepHblX peaKTopoe 

TTapaJ11crp 
Hr PHK [4J 

ro11 8eo11a e JKcnnyarnumo 1976 

Macca 11n11 061>eM A3. Kr, n 53 

Pa:iMep A3. MM 
lll13MeTp 610 
8blCOTa 1100 

PaJMep JKcnepHMCHTaJlbHOrO KaHana, MM 
lll1aMCTp 310 
8blCOTa 500 

4HCJ10 11eneHHH 8 HMITYJlbCe 18·10
17 

MaKCHMaJlbHall TeMnepaTYpa A3, °C 250 

<!>JlK)CHC HCHTpOHOB B JKcnepHMCIITaJlbllOM 2·101 5 
Ka11ane 

<l>moeuc HCHTPOHOB y A3, 1/cM2 2 5·10
14 , 

MHH. nonyw11pHHa 11Mnynbca. MKC 2300 

BpeMll >Kl13HH HCHTPOHOB e A3, c 23·10-6 

KoJ4>cjJHUHCIIT rawellHll peaK'fHBIIOCTH, -a6c. e11./ .nen. 

HeKOTOpb1e une11, 3aJlO)l(eHHble B H3WHX H>IP, SIBJISIIOTCSI 
BeCbMa nepcneKTHBHbIMH )lJlSI 6y.uymero 1151P. B 43CTHO­
CTl1, u.uesi .llBYX30HHblX (MHOf030HHbtX) H51P H3XO,llHT ceoe 
np11MeHeH11e B pa3pa60TKe Jla3epHblX Cl1CTeM C H3K3'1KOH 
OT 11MnyJ1hCHblX peaKTopoa [14]. 1-1..uesi ceo6o.nHoro pa3neTa 
pacTBopa no HeCKOJlbKl-fM HanpaeneHHSIM (51rY AP), B03-
MO)l(HO, n03B0Jll1T C03.!l8Tb paCTBOpHblil peaKTOp C )lJ111-
TeJlbHOCTblO l!Mnynbca .ueneHl1H, cpaBH11MOH C Jllll1TeJlbHO-

5 

Tl,m pea1,.-ropa 

36P-Jl [3) 6APC-5 [9J JlrYAP 

1981 1986 1990 

75.4 2·123 32 

183, .Q8e 
nonyccj>epbl 227 380 

217 400 

125 60 (90) 120 
400 180 CKB03HOH 

1,5·1017 5·1017 9· 1016 

430 610 120 

3·1014 1·1015 I 2· 10
15 

, 

3· 1013 5·10
14 

2· 10
14 

60 40 800 

5(2.1 )· I 0-8 1,2·10-8 4,7·10-6 

2,8 (2.5)· I 0-20 l.5·10-20 -

CTblO HMnyJJbCa e peaKTopax c MeTaJlJ111'1eCKOH A3. l1 HaKO­
Heu, paCTBOpHble peaKTOpbl C 60JlbWOH nOJlOCTblO (l-ff Pm<), 
OCHall.leHHble pa3JlH'IHblMH KOHBepTOpaMH )lJlSI 113MeHeHHJl 
cnerrpa HeHTpOHOB 11 COOTHOWeHl1SI HeHTpOHHOH H raMMa­
KOMnOHeHT np11 B03MO)l(HOCTH aap11au1111 cpopMbl HMnyJJbCa 
.ueneHl1H H reHepaUHH HeCKOJlbKHX nocne.uoaaTeJlbHbIX 11M­
nynbCOB, MOryT HaHTH WHpOKOe npm,1eHeH11e LUU( peweHHJl 
H8Y4HbIX 11 npHKJJ3.D.HblX 33.113'1. 



AsTOpbl Bblpa)f(aJOT CBOIO rny60Ky10 npH3HaTeJTbHOCTb 
Ha)"lHOMY pyKOBO.llHTeJJJO HHCTHTyTa aKa.lleMHKY E. H. As­
popHHY, aKa.lleMHKY 6. 13. JlHTBHHoey H npocj)eccopy 
B. 3. HelfalO 3a HaylfHOe pyKOBO.llCTBO H noMep)f(hy' pa6oT 
no pa3BHTHIO 11 CTaHOBJTeHl1JO HMnyJJbCHblX peaKTOpOB B 
HHCTHTyTe. TaK)f(e Bblpa)f(afOT CBOIO 6narO.llapHOCTb BCeMy 
KOJTJleKTHBY peaKTOpHoro OT.lleJla H cj)HJHlfeCKOro OT.lleJJe­
HHll, OT.llaBweMy MHOro CHJI pa3pa60TKe H 3KCnnyaTaUI1H 
11J!P, H CO)f(aJTelOT O TOM, lfTO He MOryr nepelfHCJT HTb B 
KpaTKOM o63ope ecex, KTO Y4acrnoean s pa6ornx no coJ­
.llaHHIO J.1JIP. 

cnHCOK JIJ1TEPATYPbl 

1. Wood D. F., O'Brien D. D., Wimett T. F. In 
Proceeding's of the National Topical Meeting on Fast Burst 
Reactors held at the University of New Mexico. Albu­
querque, January 28- 30, 1969, p. 8 I. 

2. Wa6anHH E. n. 11MnyJJbCHble peaKTOpbl Ha 6blCT­
pblX HeihpoHax. - M.: ATOMHJJlaT, 1976, C. 24. 

3. Kpb!)f(aHOBCKHH B. A., Mar.Ila 3. n. - Tpy.llbl KOH­
cj)epeHUHH "<l>H3HKa .ll.llepHO-BOJ6y)l(JlaeMOH nJJa3Mbl. npo-
6JJeMbl Jla3epoe c ll.llepHOH HaKalfKOH". O6HHHCK, 1992, 
T. 3, C. (36-145. 

4. Ke.llpOB A. B ., funHH n. C., COJJOHUOB Jl. JI. H 
.llp. - BAHT. Cep. <l>113HKa H.llepHblX peaKTopos, 1989, 
Bbtn. 4, C. 3-6. 

5. JlesaKOB 6. r., KypaKOB H. n., fopHH H. B. H .llP· -
Tpy.llbl KOHcj)epeHUHH "<l>HJHKa, 6e3onaCHOCTb H npHMeHe­
HHe HMnyJJbCHblX peaKTopoe". BawHHrTOH, 1994, c. 67- 71. 

6. Mar.Ila 3. n. - Tpy.llbl KOHcj)epeHUHH "<l>H3HKa 
6e3onacHOCTb H np11MeHeH11e HMnyJJbCHblX peaKTopoe". 
Baw11ttrro11, 1994, c. 316-329. 

7. JlyKHH A. B. - ATOM HM 3HeprnR, 1983, T. 54, Bbm. 2, 
C. 125- 127. 

8. JlyKHH A. B. - ATOMHall 3HeprnR, 1981 , T. 50, Bbtn. 3, 
C. 205- 207. 

9. CHonKOB A. A., fopHH H. B., ropHOBOH r. A. 
H .llp. - Tpy.llbl KOHc!JepeHUHH "<l>H311Ka, 6e3onaCHOCTb H 
np11MeHeHJ-1e HMnyJTbCHblX peaKTOpoe". Baw11HrTOH, 1994, 
C. 300- 315. 

I 0. fopHOBOH r. A., ropHH B. n., KOWMllKOB B. TT. 
11 .llp. OnblT 3Kcn11yarnu1-11-1 6blCTpb1X HMnyJJbCHblX .11.llepHblX 
peaKTOpOB 6APC- l , 2, 3 BO BHl111T<l>. - BAHT. Cep. <l>H-
3.HKa ll.llepHbJX peaKTOpOB, I 994, Bbtn. 2, C. 3-12. 

11. CHonKoe A. A., l.Jepawee B. 11., JlHTBHH B. 11. 
J,I .llP- - Tpy.llbl KOHcpepeHUHH "<l>HJHKa .11.uepH0-8036~.llae­
MOH nJJa3Mbl. npo611eMbl 11a3epoe C ll.llepHOH HaKalfKOH". 
O6Hl1HCK, 1992, T. 1, C. 144- 156. 

12. Magda E. P., Grebyonkin K. F., Kryzhanovsky V. A. 
In proceeding's of the International conference Laser'90. 
McLEAN, VA, 1991, p. 827-834. 

13. Magda E. P. Laser and Particle Beams, 1993, 
vol. 11 , N~ 3, p. 469-476. 

14. 3pO.llHHKOB A. B. - Tpy.llbl KOHcpepeHUHH "<l>H3HKa 
.ll.llepHO-B036y)l(JlaeMOH nJJa3Mbl. TTpo611eMbl Jla3epoe C 
ll.llepHOH HaKalfKOH". O6HHHCK, 1992, T. 1, C. 122-143. 

CTaTbll nocrym111a e pe.uaKUHIO 26.02.2003 r. 

.... 



Y.ll:K 539. 171; 620.186; 621.039 

OD;EHKA KPHTll'IECKHX IlAP AMETPOB PEAKTOPA HA TEilJIOBLIX HEHTPOHAX 
C AKTIIBHOH 30HOH 113 HAHOCTPYKTYPHOro MA TEPHAJIA 

B. A. ApTeMbee 

r ocy.n.apcrneHHoe Hay•rnoe y4pe)KJJ,em-1e 

"HaY4HO-HCCJie.n.0BaTeJibCKHH HHCTH'JYI' TeXHOJIOrHH MaTepHaJIOB", 

140083, MocKOBCKasl o6JI., r. Jlbm<apHH0-3, a/.si-14 

PacCMOTJ)eHa MOAeJlb peaKTOpa Ha TenJlOBblX HelhpoHax, 31ITltBHaJI 30Ha KOTOporo 11MCCT 3aMCAJ111TeJleM HaHOCTpy~HblA MaTepllan. O6c}')Kll3-
IOTCII oco6eHHOC111 K11HCT11Kll Heil"rpOHOB B ai..-THBHOil 30He. KpHTlt'leCKl1e napaMCTpbl T3KOfO peaKTOpa (Kplffil'leCKHe p33Mep 11 Macca AeJllllUCfOCll 
semeCTBa) np11 H113KIIX TeMnepa,ypax 3aBl1CllT OT xapaKTepHblX p33MepoB CTpY~HblX eAIIHIIU MaTep11ana JaMeAJlHTeJlll H HMelOT cymeCTBeUHO MeHh· 

WHe (B I O- I0
2 

p33) BeJlll'lHHbl no cpaBHeHHIO C Kp11TH'leCKHMH napaMe-rpaMH peaKTOpa C aim1BHOA 30HOA 113 06bl'lHblX CnJlOWHOfO IIJlH MeJlKOAHC· 
nepc11oro MaTepHanOB. 8 AH<l><l>Y3HOHHOM np116J111lKeHHII Bbl'lHCJleHbl OTHOCIITCJlbHble 3aBIICl1MOCTit KpHTH'leCKHX napaMCTpOB OT TeMneparypbl 3llMCA­
JlHTeJlll H npl•IBeAeHhl 'lHCJleHHble oueHKH BeJlH'lHH. 

ESTIMATION OF CRITICAL PARAMETERS FOR THERMAL REACTOR WITH ACTIVE ZONE MADE OF NANO­
STRUCTURED IATERIALS / V. A. ARTEM'EV // Model of them1al reactor with active zone made of NanoStructured Materials (NSM) is pre­
sented. Characteristic features of neutron kinetics in active zone are discussed. Critical parameters of such thermal reactor (critical size and critical mass 

of fission material) at low temperatures depend of structure parameters of NSM- moderator and have significantly less (in - JO-I 02 
times) quantities than 

of thermal reactor with active zone made of ordinary materials. Relative dependences of critical parameters as function of moderator temperature in diffu­
sion approximation are evaluated. 

B HaCTOJltUee apeMJI o6cy)l(Jl3FOTCJI npoeKTbl peaKTO­

poB C TOnmlBOM Ha OCHOBe MHKpOTB3JlOB - '-laCTHU, JlBY­

OKHCH H JlHKap611na ypaHa JlH3MeTpOM 60-300 MKM, JlHC­

neprnpoBaHllblX B rpaq>HTOBOH M3TpHUe [I]. 8 npen­

CTaBJieHHOH pa6oTe paCCM3TpH:BaeTCJI B03MO>KHOCTb HC­

nOJib30B3HHJI H3HOCTpYJ<TYPHOr0 MaTep11ana B BHJle Ha­

CblnHOro YJ1bTpan11cnepcHoro nopowKa c p33MepoM '-lac­

THU. ~IO HM B Ka'-leCTBe MaTepHana aKTHBH0H 30Hbl peaKTo­

pa Ha TenJlOBblX HeHTp0Hax. TenJlOBblMH 6yJleM H33bJBaTb 

HeHTpOHbl, 3HeprHJI KOT0pblX B cpenHeM He H3MeHJleTCJI 

npH JlBH)KeHHH B cpe,!1.e H paaHa 3HeprnH TenJI0BOro ,!I.BH­

)KeHHJI aT0MOB (MOJ1eeyJ1) 3aMeJlJ]HTeJ1JI • .n:onOJlHHTeJlbHOe 

3q>q>eKTHBHOe KOrepeHTH0e pacceJIHHe HeHTpOHOB '-lacrn­

uaM H yJ1bTpan1-1cnepcHoro nopowKa, 06ycJ10BJieHHOe co­

nocTaBHMOCTbFO p33MepoB '-laCTHU nopowKa H JlJlHHbl BOJl­

Hbt TenJJ0Bbrx. HeHTpOH0B, npH.BO,!I.HT K yMeH.bllleHJ,!JO K0-

3Q)Q)H.UHeHTa JlHq>q>y3HH HeHTpOHOB H, KaK CJle}lCTBHe, K 

yMeHbUJemno KpHTH"teCKHX p33Mepa H MaCCbl ,!l.eJ1J11UerocJ1 

aemecTBa aKTHBHOH JOH.bl no cpaBHeHFffO C KpITTH'-leCKHMH 

napaMeTpaMM peaKTopa 113 06bl'-IHblX CnJlOUJH0ro (nOJlH­

KpHCTaJlJlH'-leCK0ro aMOpq>Horo) HJlH MeJlK0,!1.HCnepcHoro 

(xapaKTepHblM p33Mep He0.D.H0p0JlH0CTeH 10-10
2 

MKM) 

MaTepHaJI0B. 

YPABHEHHE )],11<l><l>Y3HH HEHTPOHOB 
B HAHOCTPYKTYPHOM MATEPHAJIE 

PaCCMOTpHM cnenyiomyro MO}leJlb. MaTepHaJJOM aK­

TH.BH0H 30Hbl JIBJl.ReTCJI YJlbTpaJlHCnepCHblM nop0lllOK 

7 

MOHOJlHCnepcHaJI 0,!1.HOp0.D.HaJI TBepJlal! CMeCb JlByx Be-
235 

mecTB: ypaHa u H yrnepona C, KIDK.D.0e m KOTOpblX 

npe.11.cTasJ1eHo B BHJle KpyrJibIX 4acrnu paneycoM a. KoH-
235 

ueHTpaUHJI J!Jlep u H C B o6beMe aKTHBHOM' 30Hbl 6y.D.eT: 

Pu = y( I - a) nu H Pc = yanc, r.ue y - Jl0J1J1 o6mero o6b­

eMa aKTHBH0M 30Hbl, 33HJIT0r0 aemeCTBOM YJlbTPamtCnepc­

HOro nopOUJKa, y ~ 0,74, 3Ha4eHHe y = 0,74 CO0TBeTcTByeT 

nJl0TH0H ynaKOBKe nopowKa [2] H. HCn0Jlb3yeTCJI ,!I.Mee B 

'-IHCJleHHblX oueHKax; a - yneJlbHOe KOJlH4eCTBO YJlbTpa­

JlHCnepCHblX '-laCTHU yrnepo,!1.a, (1 - a) - .11.0JlJI YJlbTpa.!lHC-
235 

nepCHblX 4aCTHU ypaHa; nu H nc - nJlOTHOCTH .si.uep U H 

C B sewecrne YJ1bTpaJlHcnepcHbIX qacTHU. OrpaHwtHMCJI 

npH6JlH>KeHH.eM M0H03HepreTH'-leCK0ro peaKTopa. OcHOB­

Hble Ka'-leCTBeHHble pe3yJlbTaTbl pa60Tbl 6ynyT crrpaBeJlJ]H­

Bbl H JlJlJI 60J1ee CJlO>KHblX npou,eccoa pa3MH0)l{eHI-UI H 33-

MeJlJ]eHHJI HeHTpOH0B [3]. llioTHOCTb nOTOKa HeHTpOHOB 

<p(r, n , t) s HaH0CTPYKTYPHOM MaTepwane y.D.0BJ1eTBopJ1eT 

ypasHeHHFO nepeHoca [4]: 

v- 1 { (7(J)/ ot) = -fiV<p- Lr <p + 

+ I dfi'<p( r,n',1)[ L~Ul w}Ul (n' ➔ n) + 

(I) 



3LteCb u 11 n - CKOpOCTb 11 elll1Hl14HbIH BeKTop B HarrpaB-

11eH1111 llBl1)KeHHJ1 HeihpoHa; I, = Pu<r~U) + Pc<r~C) + 

+pucr(U) +pccr(C) +N(U)cr(U) +N(C)cr(C). cr(U) cr<C) 
S SOK O K'C>C> 

cr}U), crf> - ce4eH11si nornoweHIUI (c) 11 paccesiH11si (s) 

HeMTPOHa HllpaM11 235U 11 C COOTBeTCTBeHHO; NaU) = 

=(I-a)No, Nfl =aNo, No =3y/4rca3 
- KOmt4eCTBO 

y11bTPa1111cnepcHbIX tiacrnu B e1111H11ue o6beMa aKTMBHOH 

30HbI; cr/U) 11 cr/C) - ce4eH1111 ynpyroro KorepeHTHOro 

pacceHHl1H HeHTPOHOB Ha OTlleJJbHblX YJ1bTPam1cnepCHblX 
4aCT11uax 113 ypaHa-235 11 yrnepOLta COOTBeTCTBeH­
HO" ,(U) = p cr<U) ,(C) = Pc<r(C) ,(U) = N(U)cr(U) 

, L..s U s , L..s s , L..K O K , 

,<Cl= N<C>a<CJ wcu) (n' ➔ n) 11 w<C> (n' ➔ n) - Be-
L.,K O K ' S S 

pOHTHOCTl1 pacceHHl1H HeMTPOHa, llBl1raBweroc11 llO pac­
ceHHHH B HanpasJJeHl111 Q' , 8 3JleMeHT TeJJeCHOro yrna dQ. 

235 
OKOJJO HanpasJ1eHI,rn Q. Ha Hllpax LJ 11 C COOTBeTCTBeH-

HO 11 aHanOrH4HO wJU) (Il' ➔ n) H wJC) (Il' ➔ Il) -
seposirnocrn KorepeHTHoro pacce11H1111 HeMTPOHa Ha YJJbTPa-
1111cnepcHbIX 4acnruax 113 ypaHa-235 11 yrnepoLta cooTBeTCT­
seHHo; q - cpyHKU11H pacnpeLteJJeHl1H BHewHero 11CT04Hl1Ka 

He.HTPOHOB. J,JcnOJJb3YH 06bl4HOe pa3JJO)l(eH11e q>( r, n, /) = 

=<l>(r,t)/4rc+3i(r,t)fi/4rc, npennonarasi BHewtt11A 11c­

T04Hl1K HeHTpOHOB 1130TPOITHblM q(r,n,,)=q(r,t)l4rc, 

nony'-IHM 113 BbIpa)l(eHl1H ( J) ypaBHeH11e ll11cpcpy31111 Hett­
TPOHOB [3, 4] B HaHoc-rpyKTypHOM MaTep11ane 

3Ltecb Le= I~U) +I~CJ; I~U) = Pu<r~U); I~CJ = Pccrf>; 

D = ( 3 I,r r I - K03cpcp11u11eHT 1111cpcpy31111 Hef!TPOHOB B Ha­

HOCTPYKTyPHOM MaTep11ane. TpaHcnoprnoe MaKpocKon11-
4ecKoe ce4em1e HMeeT BHll 

L1r = Le +I~U) (1-µ(U) )+ If) (1-µ(C) )+ 

= LkU) (1 -µkU) )+ LkC) (, -µr> ). (3) 

rLte µ(U) 11 µ(C) - cpe11H11e KOCHH)'Cbl yrna pacceHHHJI HeM-
235 

TPOHa npI1 OllHOM CTOJ1KHOBeHl111 C HllpaM11 LJ 11 C COOT-

BeTCTBeHHO; µ/Ul 11 µ/CJ - cpellHHe KOCHHYCb( yrna pac­
CeHHl1H HeMTpoHa np11 KOrepeHTHOM pacceHHl111 Ha YJJbTPa-
1111cnepCHblX 4acrnuax 113 ypaHa 11 yrnepoLta cooTBeT­
cTBeHHO. 

BbflH1CJIEHME Ltr 

K MOH03HepreTH4eCKOMY cnytIa10 6JJH30K peaKTOp Ha 
TennOBblX HeMTPOHax, 003TOMy ypaBHeH11e (2) C xopowei-\ 
T04H.OCTblO 0011CblBaeT npoueCCbl pacnpOCTPaHeHl1H HeH­
TpOHOB B TaKOM peaKTope. 8 peaKTope Ha TennOBblX HeM-

8 

TPOHax neJJHWHHCH MaTep11an CHnbHO pa:36aBJJeH JaMeM11-
-5 -4 

TeJJeM [I, 3): (I-a)~ 10 -10 . CLtenaeM oueHKH cnarae-
MbIX B npasoi-\ 4aCTl1 cpopMyJJbl (3). Y411TbIBaH 3Ha4eHl1JI 

cr/Ul = 14 6apH [5], a/CJ= 5,5 6apH [6], nony48eM 

I~U) /If>- (1-a )«I H LkU'(1 -µkU) )/Ir) (1 -µkCJ )-

~ (l -a)« I, OOCKOJlbKY (1-µ~U))=(-µf>). f1pHHl1-

MaH BO BHHMaHHe cr/Ul = 681 6apH [5], cr/C) = 0,003 6apH 

[6], nony4aeM I~Ul/I~C) = (1-a)nucr~U) /anccrfl ~ 

~I II Ic/If> = (1-µ<C>) ~ IiU>/IiCJ = (1-a)x 

xnucr~U) / anccrfl - l02 (1-a) «I MH nu= 4,80-10
22 

CM -
3 

11 nnornocrn Hllep yrnepoLta co CTPYKTyPOM anMaJa 

nc(anM) = 17,6- I 022 
CM - 3 [2] 11n11 co CTPYKTyPOH rpacp11Ta 

(r) 22 -3 nc =8,37-10 CM [5]. C yqeTOM BblITOJJHeHHblX oue-
HOK BMeCTO Bblpa)KeHHJI (3) nony4HM 

8bll111CmtM BeJ111'-IHHbl, BXOllHW11e 8 cpopMyny (4): 

Ifl (1-µ<CJ )= yanccr~C) (!-2/3A) , rne A= 12 - aToM-

ttoe 411c110 yrnepoLta. IkCJ = aN0cr~CJ; cr~CJ = f da~C); 

µf> = f cos0dcrfl I af>, rne 0 - yron pacceJ1HHJ1 HeM­

TPOHa Ha YJ1bTPaLt11cnepcHOH 4acrnue yrnepoLta. Ce4eH11e 
KorepeHTHOro paccellHHll HeHTPOHa Ha OTLtem,Hoi1 YJJbTPa­

llHcnepcHoi1 4acT11ue dcr/Cl Bbl411CJJHM, HCOOJ1b3YH 3cpcpeK­

THBHblM noTeHu11an V(R) = { Vo, np11 R :Sa I 0, npu R > a}, 

r,ne v0 = (2rcti /m )ncbK ~ 10-
7 

38; m - Macca Hei1TPOHa; 

bK - KorepeHTHall aMnn11ry,na pacce.llHWI Hei-t-rpotta Ha cssi­
JaHHOM si,npe yrnepo,na [7]. A,11,i xapaKTepH.bIX JHa4eHHH 
"A.~ 0, 1-1 HM (MI1Ha BOJJHhl HeHTPOHa), a~ 1,5-10 HM, 

E ~ l0-3 
- I 0-

2 
38 (3Hepnrn HeJ1TPOHa) BbinOJJHHeTCll 

V0ajhu:,; 10-3, no3TOMY B 6opHOBCKOM np116J1H)l(eHHH [8], 

Y4HTblBM ka » I llAA scex paccMaTP1IBaeMblX cny4aes, no-

ny4aeM cr~C) =2rck-2 (m Voa2 /11 2 }2; (1 -µf> )= [ In ( 4ka)-

-O, 42 ]( ka r2 
, rne k = 2rc/"A.. 3cpcpeKTHBHblH yron OllHO­

Kparnoro KorepeHTHoro ynpyroro paccel!HHH HeHTPOHa 

Ha YJ1bTpa,n11cnepcHoi1 4acrnue 01 =< 0~ >1/2 = (')..jrca) x 

x[0,5 ln(8rca/"A.)]
112 

~"A.fa . TTOllCTaBJJHll B cpopMyny (4) 

Bbl4HCJJeHHble 3Ha4eHHJI, OOJJ}"laeM OKOH'-laTeJJbHO 

Ce4eHHe pacceJ1HHJ1 Hei1TPOHa Ha y11bTpa1111cnepcH011 
4aCTHUe MO)KeT 6b1Tb pa3611TO Ha nsa cnaraeMbIX: 



cr = crK + crHK, rJ.J.e crK H crHK - ce11eHHJ1 KorepeHTHOro H He­

KorepeHTHOro paccel!HHJI COOTBeTCTBeHHO (6). Ce11eHHe 
HeKorepeHTHOro paccel!HHll Ha ynbTp3J.l.1-1CnepcHOH 11aCTHUe 
onpeJ.J.en,reTcl! ce11ett1-1eM KorepeHTHoro (H HeKorepeHTHO­
ro) paccel!Hl1.SI HeHTpOHa Ha OT,nenbHblX l!Apax aTOMOB ee­
mecTBa YJJbTpallMCnepCHOH '!aCTHUbl. 3TO paccel!HMe OTIM­
CbreaeTCll nepBblM cnaraeMblM e <j>opMynax (4) M (5). 
J.1.MeHHO ycteT paccel!HMll HeHTpOHOB Ha OT,nenbHblX HJ.J.pax 
eemecrna McnoJJb3yeTcl! npM MccnenoeaHMRX M pac11eTax 
KMHCTl-f'ICCKHX xapaKTepHCTMK B3al-1MOJ.J.eHCTBHJI HeHTpOHOB 
C o6bt'!HblMH cnnOWHblM HnH MenKOJ.J.HCnepCHblM MaTep1-1a­
J1aMH 1-1. npeACKa3aHl-1JIX CBOHCTB HOBblX eapHaHTOB peaKTO­
poe [I, 3-5]. Ce11ett11e Korepettrnoro paccel!HHSI HeHTpOHa 
Ha ynhTpaJ.J.HCnepCHOH '!aCTHUe OnHCbIBaeTCH BTOpblM cna­
raeMblM e <j>opMynax (4) H (5). Otto onpe,nenHeTCll Kore­
peHTHhJM paccel!HHeM HCHTpOHa eceM MHO)l(eCTBOM llllep 
YJ1bTpa.n11cnepcHOH '!aCTHUbl B o6naCTb yrnoe ~ A.la. ,ll;nH 
o6bl'IHOro MaTep1-1.ana pa3Mep HeOAHOpOJ.J.HOCTeH eemecTBa 

L ~ I 0-10
2 

MKM, no3TOMY yron pacceHH11.11 HeHTpOHa Ha 
-6 -5 

TaKHX HeOAHOpO.nHOCTRX ~ A.IL~ l O -10 li nO'ITl-1 He 
OTnH'laeTCll OT pacceHHltl! Ha yron HOJlb. TT03TOM)' HCnOJJb-
30BaHHe e pac11eTax TOJJbKO nepeoro cnaraeMoro e <j>opMy­
nax (4) H (5) ll,JlH 06bl'IHblX MaTepHaJJOB JIBJJHeTCll BTIOJJHe 
onpae.naHHblM . .l];nsi HaHOCTpYKTYPHhlX MaTepHaJJOB pac­
ceHHHe HJn)"leHHJI c ll,JlHHOH BOflHbl ~ 0, I HM Ha ym,Tpa­
.D,HCnepCHblX 'laCTHUaX y)Ke Heo6XOllHMO npHHl-tMaTb BO 
BHHMaHHe (9, I OJ H y111-1Tb[BaTb npH pac11ernx KJ.1HeTH4e­
CKl-fX K03cpcp1-11.u1eHTOB. J13 <j>opMyJJ ( 4) H (5) cneeyeT, '!TO 
K03cp<j>HUHeHT AH<P<PY3MH Me.D,neHHblX HeHTpOHOB D 
yMeHbwaeTCH B HaHOCTpYKTYPHOM MaTepHane no cpaeHe­
HIOO C 06bt4HblMJ.1 MaTepMaJJaMM. 

BhllfMCJJEHHE KPHTH'-IECKHX nAPAMETPOB 
AKTHBHOH 3OHbl PEAKTOPA 

PaccMaTpMBaeTCH MOAeJJb MOH03HepreTH4eCKOro pe­
aKTopa Ha Tenn0BblX HeHTpOHaX (TeMneparypa HeHTpOHOB 
paeHa TeMneparype T 3aMell,JlJ.1TeJJH, 3Heprnsi HeHTpOHOB 

paetta 1,5k6 T, lq, -noCTOl!HHan EoJJbUMaHa). ITycTb aKTMB­
HaJI 30Ha peaKTopa HMeeT qiopMy wapa (pac11eT .npyrnx 
<j>opM aKTJ.1BHOH 30Hbl 6y.neT aHanorn•tHblM (31), peaKTop 
6e3 0Tp3)1(aTeJJSI. MaTep1-1aJJbHblH napaMeTp pa3MHO)KalO-

LUeH cpe.D,bl K = [ ( k00 - I) Le/ D ]112
, r.D.e koo - K03cpcp11u11-

eHT pa3MHO)KeHHJI .D,nJI HeorpaHH'leHHOH pa3MHO)Katomei1: 

cpe.D.bl. Kp11m11ecK11i1 pa.nuyc peaKTopa Re= rr!K (3). KpMTM-

11ecKaH Macca .nenJ11UerocH eeweCTea M = ( 4rr/3) pR~, r.n.e 

p - nnoTHOCTb .D,ensiwerocH eemecrna. ITpoee.D,eM cpaeHeHHe 
Kp1-1T1111ecK11X napaMeTpOB 11eTb1pex rnnoe peaKTopoe, aK­
THBHaJI 30Ha KOTOpblX HMeeT JaMe.D,nHTeneM yrnepo.n C pa3-
flH4 HOH CTPYKTYPOH MaTep11ana: rnn I - nnornoynaKoeaH­
HhtH YJJbTpa.n.HcnepcHblH nopowoK rpa<j>HTII H3 O.U.HHaKOBblX 
KpyrnhlX YaCTHU pa.neycoM a; THTI 2 - o6bl4HblH cnnOWHOH 
rpa<j>HT; rnn 3 - nnornoynaKOBaHHblH MeJJKO.n1-1cnepCHblH 
nopoWOK rpa<j>1na H3 OJ.J.HHaKOBblX KPYrJJblX 11acrnu pa,n11y-

2 
COM aµ~ I 0-10 MKM; rnn 4 - nnornoynaKoaaHHbtH YJJbTpa-

9 

.ll.HCnepCHblH nopOWOK anMa3a H3 OAHHaKOBblX Kpyrnh[X 11ac­
THU pa.neycoM a. ,ll;nJI acex 11eTu1pex Tl-1.TIOB peaKTopoa nona­
raeM KOJtpq>MUHeHT pa36aBJJeHJ,tll nOCTOHHHblM, T. e. Ha OAHO 

HApo 
235u (ypaH OJ.J.HOpO.D,HO AHCneprnpoeaH B aKTMBHOH 

30He) npHXOllHTCH OAl-1HaKOBOe KOJlH'leCTBO l!.U.ep yrnepo.na, 
'!TO M0)l(eT 6btTb 3anHCaH0 B 81-1.D,e ycn0Bl-1.H 

{1-ar)/arng> =(l-aanM)/aam.1ngnM), r.D,e Ur H UanM -

y.nenbHbJe KOJll-f'ICCTBa ynhTpa,nHcnepCHblX 11acrnu HJ rpa­
qrnrn ),f aJJMa3a B o6meM KOJlH4eCTBe YJJbTpa.llMCnepCHblX 
11acrnu aKTHBHOH 30Hbl peaKTopoe rnna I H nma 4 COOT­
eeTCTBeHHO. 

Bh11111cnHM KPITTl-f'leCKHe pa3Mepbt aKTMBHOH 30HhJ. 
O603Ha41-1M Kpl-1TH4eCKHe pa.neycbl aKTHBHOH 30Hbl '!eThtpex 

rnnoe peaKTopoe: THn I - Re; nm 2 - R)0\ rnn 3 - Re(µ); 
(anM) 

TMTI 4 - Re . BeJ,ne .nanee HHJleKC "0" 6y.neT C0OTBeTCTBO-
eaTb BeJJl-f'IHHaM, OTHOCHIUHMCH K peaKTOpy TMna 2, a MH.neKC 

''µ" - K peaKTopy rnna 3. ,ll;nll o6ht'IHOro cnnowttoro rpa-

q>HTa L~~)=ang>cr~C)(l-2/3A) 11 Do=(n:~~)r. Bee-

neM 060Jtta11eHMe: 

MO)KHO nOKa3aTh, YTO R£µ) = R£0\-1, rµ = Re/ R£µ) =yr. 

O6o3Ha4MM r(anM) = R£anM) / R£O) . 

8bl4HcnHM KpHm1.1ecKMe Maccb1 .nenmuerocll eemecrna. 
KpHTH4eCKaJI Macca JlenJIJllerocH eeweCTBa aKTMBHOH 30Hbl 

peaKTopaT1-1.na26y.neT Mo =(4rr/3)numu(l-ar)[ R£
0

>J3 , 

235u TTnn V rne mu - Macca Hnpa . 1-'v''-" aKTHBHOM 30Hht peaKTopa 

nma I Kp11rn11ecKaJ1 Macca M = ( 4rr/3)ynumu (1-ar) R~. 

MO)l(HO noKaJaTb, 4TO rM = M/ M0 =yr3 , Mµ = M0y-2 

rjf l = M / M µ = y3 r 3 , r.ne Mµ - KpHrn11ecKaH Macca ypa­

Ha-235 Jl]lll aKTHBHOH 30Hbl peaKTopa nma 3. O60JHa4HM 

M(anM) =(4rr/3)ynumu(l-aanM)[ R£anM)]
3 

- Kp1-1T1-111ec­

Kasi Macca ypatta-235 peaKTopa rnna 4. MO)l(HO noKa-

3aTb, •no rJrM) = M(anMi; MO = [,(anM) ]
3 

yn~aJIM) / ng) = 

= I 56 [,-{anM l ]3 . 
Ha p11c. I H306pa)KeHbl pac11eTHbJe 3aBMCHMOCTl-1 ee-

(anM) (aJJM) 
JlM'IHH r, YM, r H YM OT TeMneparypbl T 3aMell,Jll-1-

TeJJSI MH pa3JJH4HblX pa3Mepoe 4aCTHU YJJbTpa.D,HCnepCHblX 

nopOWKOB rpaCj)HTa ),f aJJMaJa. TiopOWKl1 Tin0TH0 ynaKOea­

Hbl. ,[(ononHHTeJJbHO nOKa3aHa WKaJJa 3Ha4eHHH .D,nHH BOJJH 

TennoebJX HeHTpOHOB 11.. T H3MepHeTCH e rpa.D,ycax K; A 1-13-

MepHeTCH e HM. KpHBbJe I, 2, 3 - 3Ha'!eHl-1H ru, KpHBbte 4, 5, 
6 - 3Ha•teHl-1SI,. .ll.JIH YaCTHU rpa<j>HTa .nHaMeTp0M 10 HM, 6 HM 



(MM) 
M 3 HM COOTBeTCTBeHHO. KpHBbte 7; 8, 9 - 3HaqeHH.R r ' 

\WIM) 
t<pHBbte I 0, 11, 12 - 3Ha'-lem-rn r M llJUI '-!acnru aJJMaJa 

,LtHaMeTJ)OM IO HM, 6 HM 11 3 HM COOTBeTCTBeHHO. 

1,5 

5 

0,5 

11 

12 
Q 1../}--,F...,...,.......,..--,-~....,..-?-,.., -

100 10 4 T,K 

0,3 0,6 0,9 1,2 A.,HM 

Pwc. I. Pac'leTHble JaBHCHMOCTH eenH'IHH {F} = r, rM, r(anM)' 

l'M(aJiM) OT Te~mepa-ryp1,1 T3aMenm1Tem1 Jlnll pa3nH'IHhlX pa3Mepoe 

'!aCTHU yn1,TpanwcnepCHblX nopOWKOB rpacjJHTa J,f anMaJa 

100 10 4 T,K 

0,3 0,6 0,9 1,2 A.,HM 

Pwc. 2. PaC'!eTllbJe 3aBHCHMOCTH eenH'IHH {F} = rµ ' ru(µ) OT 

TeMnepa-ryp1,1 T 3aMel1mrrem1 llRll pa3RH'IHblX pa3Mepoe '!aCTHll 
yn1,TPa.n.Hcnepc11oro nopowKa rpacjJITTa 

Ha pHC. 2 H306pa)l(eHbl pac'leTHbJe 3aBHCHMOCTH Be­

JIM'lHH rµ Hr,)µ) OT TeMnepaT)'pbl T 3aMell)lHTem, ,!1,JHI pa3-

JIH'lHblX pa3Mepoe 4acnIu y11bTpa.n11cnepcHoro nopOlllKa 

rpacjJHTa. nopOlllKH nJJOTHO ynaKOBaHbl. .[(onOJIHHTeJlbHO 

nOKa3aHa lllKaJJa 3Ha'-leHHH llJlHH BOJIH TenJJOBblX HeHTJ)O­

HOB A. T H3Mep.ReTC.R e rpa,nycax K; A H3Mep11eTc.R e HM. 

KpHBble I, 2, 3 - 3Ha'leHH.R rµ, KpHBbie 4 , 5 , 6 - 3Ha'leHI-rn 

rt,)µ) ll)l.R 'lacnru rpacjrnTa ,!lHaMeTJ)OM IO HM, 6 HM 1-1 3 HM 

COOTBeTCTBeHHO. 

10 

l.[}ICJIEHHhlE OlJ.EHKH 

8 MOHO:mepreTH'leCKOM peaKTope K03q>q>HUHeHT 

pa3MHO)l(eHH.R k~ = v0 [3], r.ne v = 2,075 [5]; K03q>­

<j>11u11eHT HCnOJlb30BaHH.R TenJJOBblX Hel1TJ)OHOB 

0 =I:~U>/(1:~U>+1:~C))=(l+/f
1 

11 /=[a/(1-a)]x 

x(nc/nu )(of>/ cr~UJ); of>, cr~U)oov-1. 

C,nenaeM 'lHCJleHHble oueHKH ll)l.R MaTep11ana aKTHB­
-6 

HOH 30Hbl C K03q><pHUI1eHTOM pa36aeneHH.R 0,5· 10 ' 'ITO 
-5 -6 

COOTBeTCTByeT (I-aMM)= 1,8·10 M (I-ar)=8,56·I0 . 

Tor.na ~ = 1,075 > I. B cnnolllHOM rpacjrnTe ll)l.R 1-1cno111,-

3yeMOH MO,!leJIH K03cjJq>H.UHeHT ,n11qicf>y3HH HeHTpOHOB 
3 

Do=0,77 CM. JlJJOTHOCTb ypaHa numu= 19,05 r /cM [2]. 

TTp11 TeMneparype JaMell)lHTeJJ.R T= 67,2 K llJlHHa 

BOJIHbl TenJJOBblX HeHTJ)OHOB A= 0,3 HM. Bbl'lHCJleHHbie 

KpHTH'leCK11e pa.n11ycbI llJl.R 'leT1,Ipex rnnoa paccMaTp11eae­

MblX peaKTOpOB 6y.nyT: THn 1 - Re = 407 CM, 407 CM 1-1 

406 CM ll)l.R aKTHBHOH 30Hbl C YilbTJ)a,UHCnepCHblMH 'lacrn­

uaMH rpa<j>HTa ,n11aMeTJ)OM IO HM, 6 HM (,I 3 HM COOTBeTCT-

aeHHO; THn 2 - R/0
> = 302 CM; rnn 3 -R/µl = 408 CM; nm 

4 - Re (MM)= 193 CM, 192 CM 11 191 CM llJl.R aKTHBHOH 30Hbl 

C YilbTJ)a.nwcnepCHblMH 'laCTHUaMH aJIMa3a Jll,taMeTJ)OM 

IO HM, 6 HM w 3 HM COOTBeTCTBeHHO. Bbt'lHCJJeHHble KpH­

TH'leCKHe Macc1,I ypaHa-235 llJl.R 'leTbtpex nmoe paccMaT­

pMaaeMbtX peaKTopoa 6y.nyT: THn l - M = 34, 1 Kr, 34, I Kr 

H 33,8 Kr ll)l.R aKTHBHOH 30Hbl C 'laCTHUaMH rpa<j>HTa mrn­
MeTJ)OM IO HM, 6 HM 11 3 HM COOTBeTCTBeHHO; THn 2 -

Mo= 18,8 Kr; THn 3 - Mµ = 34,4 Kr; rnn 4 - M311
M) = 7,58 Kr, 

7 ,53 Kr 11 7,39 Kr ll)l.R aKTMBHOH 30Hbl C '-lacrnuaMH aJJMa3a 

,!lHaMeTJ)OM 10 HM, 6 HM 11 3 HM COOTBeTCTBeHHO. 

np11 TeMneparype 3aMell)l11Te1111 T= 4,2 K llJlHHa eon­

Hbt TenJJOBblX HeHTJ)OHOB A= 1,2 HM. Bbl'l HCJleHHble KpH­

TH'leCKHe pa,neyCbl ll)l.R '-leTbtpex THTIOB peaKTopoa: TMn l -

Re= 132 CM, 111 CM H 84 CM ll1UI 'laCTHU rpa<j>HTa ,!lHaMeT­

pOM IO HM, 6 HM H 3 HM COOTBeTCTBeHHO; rnn 2 - R/0
> = 

= 151 CM; rnn 3 - R/µ) = 204 CM; rnn 4 - Re (MM)= 48, 7 CM, 

39,4 CM H 28,6 CM ll)lJI '-!aCTHU aJJMa3a .!l,HaMeTJ)OM IO HM, 

6 HM H 3 HM COOTBeTCTBeHHO. Bbl'IHCJleHHble KpHTH'leC­

KMe MaCCbl ypaHa-235 ll)l.R 'leTblpex rnnoa peaKTOpOB 6y­

.nyT: rnn I - M= I , 15 Kr, 0,69 Kr 1-1 0,30 Kr llJl.R 'laCTHU 

rpacf>1na ,!lHaMeTpOM IO HM, 6 HM 11 3 HM COOTBeTCTBeH-

HO; rnn 2 - Mo= 2,35 Kr; rnn 3 - Mµ = 4,30 Kr; rnn 4 -

M311
M) = 123 r, 65 r H 25 r ll)lll '-!acrnu aJJMaJa D.HaMeTJ)OM 

IO HM, 6 HM H 3 HM COOTBeTCTBeHHO. (,fa npI,rne,neHHblX 

'-IHCJleHHblX oueHOK BH.!lHO, 'lTO KfHTH'leCKal! Macca ypaHa-

235 llJlll peaKTopa nma 4 a ~ IO pa3 MeHbllle no cpaaHe­

Hl1!0 c KpHTH'leCKHMH MaccaMH peaKTopoa THna 2 1-1 3. 

06CY)K)lEHHE PE3YJlhTATOB 

BbtnOJJHeHHble 'lHCJleHHbie oueHKH OCHOBblBaJJHCb Ha 

ypaaHeHHH .n11q><pY3HH MOH03HepreTH'leCKl1X HeHTJ)OHOB (2). 



3To npH6m1)1(eHHe cnpaeerurneo, ecmt JlJlHHa JaMell]leHJ,1J1 

Hei-iTpOHOB Ls MeHbUJe KpHTH4eCKOfO JlHaMe'rpa aKTHBHO!:! 

JOHbl peaKTopa. 3aMe.llJleHHe HeH'rpOHOB JleJJeHJ,UI (cpeJ1-

muI :meprmI £1- 2 MJB) JlO JHeprHH E no'rpe6yeT KOJJH-Ye-
- 1 

crno coy)lapeHHH [3, 5] N = ~ ln(EJIE), rJle ~ = 1-

- [( A - 1)
2 
/2A] In [{A + 1)/( A-1)] . Y4HThJBa$1 C.IT)'4aH­

HhlH xapaKTep pacce.l!HH.11 Hei:!'rpOHOB Ha ll)lpax, oueHHM 

JlJlHHY JaMell]leHH.11 HeHTf)OHOB KaK Ls= Tl/2 /sNl/2 , r)le 

Is = [ nc crf> ] - I . ,lI,nHHbl JaMell]leHH$1 HeHTf)OHOB )leJJeHH.11 

Jl0 TeMneparypbl 4 K 6y.nyT: e CITJJ0WHOM rpacpHTe L/0
> = 

= 15 CM, B nopOlllKOB0M rpacp11Te Ls= 21 CM, B nopoWK0-
(anM) 

B0M aJJMaJe Ls = IO CM. J1CXO)lll HJ noJJy4eHHblX JHa-

4eHHH M0)KH0 C)leJJaTb BhlBOJl, 4T0 np11eeJ1eHHbJe B pa6oTe 

4HCJleHHble oueHKH llBJUIIOTC.11 Jl0CT0BepHblMH. 

J1J Bblpa)KeHH$1 (4) BH)lHO, 4T0 'rpaHcnoprnoe MaKpO­

CK0ITl14eCK0e Ce'lemIe Ltr He COJlep)KltT napaMe'rpOB )leJJjf­

w,eroc.11 MaTepHaJJa. ,lI,nKHbl npo6eroe TeITJJ0BhlX HeH'rpOHOB 

e ypaHe-235 )l0 pacCe$JHl{jf: 1iU) = [ nucr~U) ] - ' = 1,5 CM 

H Jl0 IT0rJJ0W,eHJrn: /~U) = [ nucriU) rl = 300 MKM (npH 

T= 300 K). O60JHa4HM au KaK xapaKTepHhIH pa3Mep 4ac­

THUbl HJ ypaHa-235. TT pH au< le (U) MaTep11an aKTHBH0H 

JOHhl .llBJJ.lleTCll 0JlHOp0JlHhlM (6eCC'rpyKTypHb1M) 0TH0CH­

TeJlbH0 nornow,eHl{jf HeH'rpOH0B ypaH0M. TToJTOMY ece pe­

JYJlbTaTbl 11 oueHKII HaCT0$1W,eH pa60Tbl cnpaeell]IHBbl H ll]l.11 

peaKTopoe, aKTHBHa.11 J0Ha K0T0pblX C0Jlep)KHT ypaH-235 

e BHJle MeJJK0JlHcnepcHoro nopowKa c paJMepoM '1acnIu 

MeHee 300 MKM (MHKpOTB3Jlbl). HcnoJJhJOBaHHe T0ITJIHB­

HblX 1-iaCTHU B BHJle MeJJK0JlHCnepcttoro nopowKa IT0JBOJJHT 

HJ6e)l(aTh TeXHOJJOrH'leCKHX TPYJlH0CTeii [ 11 12], CB$1JaH­

HhlX c no.ny4eHHeM 11 xpaHeHHeM yJJh'rpam-1cnepcHoro no­

powKa ypaHa. TaKHM o6pa30M, MaTepHaJJ aKTKBHOH JOHhl 

peaKTopa Ha TeITJJ0BblX HeH'rp0HaX M0)KeT HMeTb CJJeJlYfO­

W.YIO CTpyKTypy: MeJJK0JlHCnepCHbll:! nop0W0K ypaHa-235 

0JlHOp0JlH0 )lHCneprnpoeaH B Ma'rpHUe 113 YJlbTpa)lHCnepc­

Horo nopowKa MaTepml.lla JaMell]IHTeJJ$J. 11MeHHO napa­

MeTphl YJJh'rpa)lHCnepCH0ro nopowKa JaMell]lHTeJJll 0KaJbl­

Ba!OT pewa10wee BJJH.l!Hlie Ha H3MeHem,e KHHeTHKH HeH­

'fPOH0B B aKTHBH0H JOHe peaKTopa. 

noJJy'leHHbJe s pa6oTe OTHOCHTeJlbHbJe BeJJH'IHHbl 

r (6), r(anM), rµ, f"M, ,.M(anM) 11 rM(µ) ll]lll paCCM0'rpeHHOH 

MOJleJJH BJaHM0)leHCTBH.11 HeH'rpOHOB C eew,eCTBOM aKTHB­

HOH 30Hbl JaBHC.llT TOJlbK0 OT C'rpyKTypbl MaTepHana Ja­

MeJlJlHTeJJll H He JaBHC.llT OT napaMe'rp0B JleJljJW,erocjf Ma­

TepHana H K03cpcpHUHeHTa pa36aeJJeHJUI, T. e. .118Jl$JIOTC.ll 

YHU6epCWlbllblJl1U K0'3</Xplllfl/el/mCJ.Mu JlJljJ peaKTopoe C pa3-

JlH4HblMH JHa4eHH$JMH kcr,. 
np11 HH3KHX TeMneparypax JaMell]IHTeJJll T (MeHee 

60 K) KpHTH4eCKHe napaMe'rpbl aKTHBHOH J0Hhl peaKTopa 

Ha TenJJ0BblX HeH'rp0Hax cyw,ecTBeHHblM o6pa30M JaBHCllT 

OT xapaKTepHblX pa3Mepoe C'fPYKTyPHhlX eJlHHHU HaHOCT­

pyKTypHoro MaTep11ana H HMe!OT JHa'IHTeJJbHO MeHbWHe 

II 

2 
eem£411Hbl (e ~ I 0-10 pa3) no cpaeHeHHIO C KpHTM'leCKH-

MH napaMe'rpaMH aKTHBH0H JOHbl HJ o6f,r'IHhlX CITJJOUJHOro 

HJJH MeJJKOJlHCnepcHoro MaTep11anoe. 

n pell]I0)l(eHHa.11 M0)leJlh peaKTopa Ha TeITJJOBblX Hew­

Tf)0HaX C aKTHBHOH JOH0H HJ HaH0CTPYKTyPHOro MaTepMa­

JJa xapaKTep11JyeTCll 60JlbWHM 0'fPHUaTeJJhHblM Te~rnepa­

TypHblM K03cpcpHUHeHTOM peaKTHBHOCTH, o6ycJJOBJleHHhlM 
- 1/2 

He TOJlhK0 yMeHbWeHHeM Ce'leHH.11 )leJJeHHJI ypaHa (oc T ) 
np11 yeeJJH4eHJrn TeMneparyphl HeliTP0HHoro raJa e aKTHB­

HOH JOHe, HO H yMeHbUJeHHeM pacce.l!HHJI HeHTPOH0B Ha 
- 2 

YJJh'rpa)lHCnepCHblX 4acrnuax JaMell]IHTeJJ.11 ( oc T , CM. 

cpopMyJJy (5)), 4TO 0TJJH4aeT npe)lJlO)KeHHhlH THO peaKTOpa 

OT 06bJ4HblX peaKTOp0B Ha TeITJJ0BhlX HeH'rpOHax [I , 3 , 5]. 

CJJe)lyeT 0TMeTHTh JHa4HTeJJbHYfO naCCHBHYfO 6eJO­

nacH0CTb peaKTopa C aKTHBHOH JOHOH HJ YJJh'rpMHCnepc­

H0ro nopowKa: npH HHJKHX TeMneparypax TeITJJOeMK0CTb 

MaTepHana 6y)leT oc fl (2 < w < 3, TaK KaK Hap.l!JlY c 06be­

M0M eew,ecrna cymecrneHHhlH BKJla)l B TeITJJ0eMK0CTb aK­

THBH0H J0Hbl 6y)leT BHOCHTb pa3BHT8$1 BttyTPeHH$1.ll no­

eepxH0CTb HaH0C'fPYl-:1)'pHoro MaTepHana, JlOCTHra!OJllajJ 
2 2 

JHa'leHHH ~ IO M / r), noJT0MY Harpee JaMell]IHTeJJjf H co-

orneTCTBeHHO HeH'rpOHllOro raJa 6yJleT np0HCXO)lHTb Jl0C­

TaTOlfHQ 6hICTPO, 4TO npHBeJleT K peJK0MY B0JpacTaHHIO 

JHa'leHHH KpHTH4eCKHX napaMeTp0B aKTHBH0H J0Hhl H 

npeKpameHJ,llO uenH0H peaKUHH. OTBO)l Tel]JI0BOH JHeprnH 

B0JMO)KH0 ocyweCTBHTb nocpeJlCTB0M npoKa4HBaHK$1 raJa 

(HanpHMep reJJHJI) 'lepeJ peaKTop, 6J1aroJ1ap.11 nopHCToli 

CTPYKTYPe nopowKoeoi,i KOMnoJHUHH aKTHBH0H J0Hhl. 

,lI,nJI y-KBaHTOB JaMeTH0e HJMeHeHHe xapaKTepHCTHK 

eJaHM0JleHCTBHll c HaH0CTPYKTyPHhIM MaTep11anoM no 

cpaeHemno C o6hl4HblMH MaTep11anaMH np0.llBJJlleTC.11 y)Ke 

npH JlJlHHe eoJJHhI HJJJY'{eHH.11 1vy = 0 , I HM [9, I 0 , I 3], a JlJljJ 

HeH'rp0H0B T0JlhK0 npH 60JJhWHX JlJJHHaX BOJJH - A~ 0 ,5 HM 

(CM. p11c. I , 2). TaKoe paJJJH'IHe o6ycJJOBJJeHO CJJeJly!OJllHM. 

Paccel!HHe y-KBaHT0B CKJlhH0 aHHJ0'rp00H0 - aMITJJHTy)la 

paccellHK$1 y-KBaHT0B Ha 0T)leJJbHblX aT0MaX B KOHYC yrnoe 

0 s; 0 , I Ivy IT0CT0.llHHa (3Ha'leHHe Ivy 113Mep$1eTC.ll B HM), a BHe 

:noro K0Hyca 6hICTPO y6hrnaeT [14]. TToJTOMY ynpyroe 

KorepeHTH0e pacCe$JHHe y-KBaHT0B Ha YJJbTp8JlHCnepcHblX 

'lacrnuax B K0Hyc yrnoe 0 s; 1vyla ~ 0, D,,y « I (JlJl.11 xapaK­

TepHhJX paJMepoe a~ 10 HM) npeB0CX0)lHT cyMMapHoe ce­

'leHHe pacCe$JHHJI Ha OTJleJlhHblX aTOMax MaTep1-1ana B ~ N 
4 5 

pa3 (N ~ 10 - 10 - K0JlH4eCTB0 aT0M0B B YJJh'rpaJlMCnepc-

H0H 4aCTMUe). A.njf Mell]leHHhlX HeH'rp0H0B, Hanp0THB, ce-

4eHI1e ynpyroro pacce$JHH.ll Ha 0T)leJlbH0M ll)lpe H30Tf)0OH0. 

noJTOMY eKJJaJl ynpyroro KorepeHTHoro paccel!HMJI Heii­

TP0H0B Ha YJJb'rpaJlMCnepCHblX 'laCTHuax B 'rpaHcnopTH0e 

ce<JeHHe pacce.l!HH$1 HeHTP0H0B B MaTepHane HeJHa'IHTeJJeH 

np11 MaJJblX A ("A.la « I) H 6hlC'fPO B0JpacTaeT npH yeenH-
4 - I 

4eHHJt "A. (oc"A. ) 11 yMeHbWeHHH pa3Mepa a 4acrnu (oca ). 
8JJH$JHHe C0CTaBJlll!OIUeH K0repeHTH0ro pacce.l!HHJI HeH­

TP0H0B Ha YJ1b'rpa)lI1cnepCHblX 4acrnuax Ha KHHeTM4eCKHe 

K03cpcpHuHeHTbl HeHTP0H0B B HaH0C'fPYKTypH0M MaTepI1ane 

CTaH0BI-ITC.11 JaMeTHblM T0JlhK0 npH "A.la s; I (TeMneparypa 

HeHTPOHOB Mettee 60 K) e 0TJJH4He OT CJJY4M pacce$JHH$1 

y-KBaHT0B. 



PaccMo-rpeHHblH e pa6oTe )<jl<jleKT yMeHbWeHI-UI KpH­
TW-leCKHX napaMe-rpoe peaKTopa JHalfHM T0JlbK0 npH HHJ­
KIO( Tef.rneparypax (T < 60 K), lfT0 He n0JB0mieT e HaCTOH­
u..r.ee epeMH 0.!lHOJHalfH0 YKaJaTb Ha 0611aCTb npaKTHlfeCK0-
ro 11cnOJ1bJ0BaHUH B ) HepreTHKe. O.nHaKO OTMelfeHHbIH 
) <jl<jleKT M0)KeT HMeTb caM0CT0HTeJlbH0e, ea)KH0e JHalfeHHe 
J]JJH C0J.!laHHJI H0BbIX HMnyJJbCHbIX HCT0lfHHK0B Hei1-rp0H0B, 
J]JJH )KCnepHMeHTOB C HCn0JlbJ0BaHHeM X0Jl0.!lHblX Hefrrpo­
H0B 11 HMnyJJbCHbIX peaKT0poe. 

AeTOp 611aro.napHT AnexwHa B. n. 11 JiyurnKoea B. 11. 
Ja no11eJHb1e 06cy)K.!leHHJ1. 
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BAPHAHTbl AilEPHO~ECKHX HMIIY JibCHl>IX PEAKTOPOB 
C <I>OPCHPOBAHHLIMH IIAP AMETPAMH HMIIY JibCOB 

B. <I>. Konecoe, B. X. Xopy:i1rnii 

P<l>5JIJ,-BHl1l13<l>, 607 190, r. Capos H1rnceropoJJ,cKoi1 o6n. 

PaCCMOTpeHbl ommapHble (OllllOCCKWtOHllble) peaKTOpbl C 3KTIIBHOll 3011011 113 11enryH11fi-ranm1eeoro l!Jlll ypaH-MOJllt6l!CHOBOro CnJTaea, a TaJOKe 
CBl!JaHHblC l!ByxceKUIIOIIHblC CIICTeMbl, COCTaBJTeHllblC Ollllll3pHblM HMnyJTbCHblM peaKTOpOM II Bel!OMOil nO!lKpltnl~CCKOll c6opKoi1 HJ ypaH­
MOJIII6!lellOBOro cnJTaea IIJIII llllCnepc110ro ypaH-rpactllITOBOrO MaTepltaJTa. 

VERSIONS OF APERIODIC PUL E REACTORS WITH FORCED PULSE PARAMETERS/ V. F. KOLESOV, V. Kh. KHORU­
ZII I // The paper considers single (one-sectional) reactors with the core or neptunium-gallium or uranium-molybdenum alloy as well as coupled two­
sectional systems composed or single-pulse reactor and driven sub-critical assembly made of uranium-molybdenum alloy or disperse uranium-graphi1e 
material. 

BBE)J:EHME 

PaHee (cM. CTaTblO [I]) 6blJJl1 paCCMOTpeHbl sap11aHTbl 

11Mny11bcHoro peaKTopa e cpopMe Kpyroeoro UHJJ11H.llpa c 

oceeoH ITOJJOCTblO. B pom1 MaTepwana aKTl1BHblX 30H (A3) 
npe.nno11aran11 11CITOJJb30BaTb ypaH-MOJJ116.neHOBbl H CITJJaB 11 

KOMIT03l1THOe ypaH-rpacp,nosoe TOITJJl180 - MaTep11aJ1bl, 

3aMe•rnTeJJbHble CBOHCTBa KOTOpblX Ha.ne)l<HO 3ace11.neTeJJb­

CTBOBaHbl 11X npaKTM'leCKHM np11MeHeHHeM B .nettCTBYIO­

lllHX HMITYJJbCHblX peaKTopax. [loHCK np11eMJ1eMblX KOHQ)l1-

rypau11i1 peaKTopa C KOpOTKHM HMITYJJbCOM n-, y-11311y­

•1eHJ1ll ocymecTBJJllJlCll Ha 6a3e CHCTeM C A3 113 ypaH­

MOJJH6.neHOBOro CITJJaea, a MOUlHOrO peaKTopa C 60JTbWOH 

BHYTPeHHeH ITOJJOCTblO - Ha 6a3e CHCTeM C ypaH-rpacp11-

TOBOli A3. 
npe.nno11aran11, 'ITO KOHCTPYKU11JI A3 ypaH-rpacj)HTO­

eoro peaKTopa - pa3611eH11e A3 Ha KOJJbua 11 ceo6o.nHall 

no.neecKa KOJJeu Ha ycrynax - aHanorn'IHa TaKOBOH e peaK­

Tope 6v!rP. B po1111 CTPYl<TYPHblX 3JJeMeHTOB peaKTopa 

C ypaH-MOJ1116.neHOBOH A3 np11HHMaJ111 oceCIIMMeTPH1-I.Hble 

.ll11CKl1 C ueHTPaJlbHblMl1 OTBepCTl1llMl1, CB060.llHO no.nee­

weHHble Ha ycrynax ueHTPaJlbHOtt TPY6b1. B pll.ne CJTY'laee 

npe.nno11aran11 TaK)l(e, lfTO 8 ueJJllX yMeHbWeH~HI BHeWHHX 

pa3Mepoe A3 11 ynpoweH11ll 3a.na'l11 KOHCTPYHpoeaH11ll op­

raHoe ynpae11e1111J1 pea,rropoM, a TaK)l(e B ue11J1x CMllr<rnH11ll 

.lll1HaM11'1ecKoro Tennoeoro y.napa e .n11cKax ypaH-Mo11116-

.neHoeoi1 A3 TOT 11 .npyroi1 peaKTOpbl OCHaLUeHbl OTPa)l(aTe­

JI.RMII C orpaH11YeHHOH TOJ1Ull1HOH. 

Bap11aHTb1 11Mny11bcHoro peaKTopa paccMOTPeHHb1e B 

pa6oTe [I], OTJJl1YalOTCll 60JJbWl1MH ITOJJOCTllMII .llJlll 0611y­

YeHl1ll HCITblTblBaeMblX o6pa3UOB 11 BblCOKl1Ml1 ypOBHllMl1 

Q)JJIOeHca HeHTPOHOB 11 .ll03bl y-113JJY1.feHlfll 3a 11MITYJJbC. 

0.nHaKO .ll1111TeJJbllOCTb reHepupyeMblX B Hl1X 11MITYJJbCOB 

( 150- 200 MKC 8 peaKTope C ypaH-MOJJ116.neHOBOH A3 11 

2 MC e ypa11-rpacj)11TOBOM peaKTope) He eno11He y.noe11erno­

p11TeJJbHa. 8 pll.ne c11yyaee HMITYJJbCHble peaKTOpbl, He­

CMOTpll Ha 60JJbWlle 06beMbl ~1X ITOJJOCTeH, .llOJl)l(Hbl o6ec-

13 

neYHBaTb B03M0)1(H0CTb reHep11poeaHl1ll HMnyJJbCOB C W11-

p 11HOH Ha ITOJJOBl1He BblCOTbl OT 20 .no I 00 MKC. 

KaK npO.llOJJ)l(eH11e ITOl1CKa eap11aHTOB peaKTopa, ITO 

B03MO)l(HOCTH ITOJIHO Y.llOBJJeTBOplllOLUHX YKa3aHHOMY TPe-

6oeaHJllO, 8 HaCTOllllleH CTaTbe paCCMOTPeHbl 0.llHHapHble 

(0.llHOCeKU110HHble) peaKTOpbl C A3 113 HeITTyHl1H-raJ1J111e­

eoro 11JJ11 ypaH-MOJ1116.ne1i0eoro cnnaea, a TaK)l(e CBll3aH­

Hbte .neyxceKU110HHble Cl1CTeMbl , COCTaBJJeHHble 0.lll1Hap­

HblM 11MITYJlbCHblM peaKTOpOM 11 ee.nOMOH 11M ITO.llKp11TJ,f1-le­

CKOH c6opKOH. no napaMeTPaM HMnyJJbCOB 17-, y - 11311y­

'1eHHJI Ha116011ee y.noe11eTBopJ11ow1-111111 yKaJaHHOMY TPe6o­

eamoo np113HaHbl 0.llHHapHblH MMITYJJbCHblH peaKTop ~13 

Henrytt11i1-ranm1eeoro cnnaea (noporoeoro ,lleJJl!LUerocll 

eewecrna) 11 CBH3aHHall c1-1cTe111a KacKa.nHoro nma 113 3TOro 

o.naHap1:1oro ee.nymero peah.--ropa 1-1 ee.noMoi-l no.nKp11T1-1Ye­

cKoi1 c6opKH 113 ypaH-rpacj)~tToeoro MaTep1-1aJJa. npe.nno11a­

ran1-1, 4TO BO BTOpOH CHCTeMe 6y.nyT aKTl1BHO HCITOJJb30Ba­

Hbl YCTPOHCTBa KOl·lBepTMpoeaHMll J,! OTPa)l(eHMll n-, y-u3Jly­

'leHl1JI. Tip11HU11ITbl .neHCTBllll 11 xapaKTepMCTHKl1 KOHBepTO­

poe 11 pe<pJJeKTOpOB n-, y-M3JlYYeHHll 6blJIM )leTaJJbHO HC­

cne.noeaHhl paHee e pa6oTax [2-6]. 

BAPHAHTbl 0 )1:HHAPHblX 
(O)J:HOCEKU,110HHblX) AMP 

B CTaTbe [I] 6bJJJM 11cc11e.noeaHbl MO.lleJ111 0.llllHapHblX 

anep110.n11YecK11x MMITYJJbCHbJX peah.--ropoe (AMP) c A3 H3 

ypaH-MOJ1116.neHoeoro 11JJ11 ypaH-rpacp,rroeoro MaTep11ana 

npH HeCKOJJbKIIX oap11aHTaX CTPYl<TYPHOro pa3611eH11ll A3 
Ha 3JJer.1eHTbl. OblJJO noKa3aHO, 'ITO Ha116onee pean11CTHl.f­

HaJ1 KOHCTPYKUllll A3 C MeTMJll1'1eCKl1M TOITJlHBOM npe.n­

CTaBJJlleT co6ott KOM6HHaUHIO .lll1CKOB, ITO]lBeweHHblX Ha 

ycrynax BHyTpe,rneii Tpy6bt Kopnyca (pHc. I). 
TaKYIO iKe KOHCTPYKU11IO 11Me10T npe.ncTaeneHHble 

3.lleCb peaKTOpbl. 8 ueJJllX COKpaLUeHHll llJIHTeJlbHOCTl1 MM­

nyJJbCa .ne11eH11i1 npe.nno11aranH. YTO e KaYecrne MaTep11ana 



A3 H0BblX Bap11a1-1T0B AHP 6y.neT 11cnoJ1b3oaa110 noporo-
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aoe .nem1weeci1 aewecTBo Np B a1111e cnJ1aaa 1-1enry1-111i1 c 

9 % ra.nm1i1 (co.nep)f(a1-111e raJlJll1ll B cnJ1aae - Maccoaoe). 

3TOT Bn0JlHe K0HCTPYKUH0HHblH cnnaB nJ1a1-111posa.n11 pa-

11ee 11cnoJ1bJ0BaTb s Ka•recTBe MaTep11a.na BHYTpe1-11-1ei1 ceK­

u1111 6yCTep-peaKTopa 6P-K [7, 8]. 

a 6 

PHC. I. 811.11 MO.lleneil peaKTopa C A3, COCTaBJ1e1111oil HJ .llHCKOB: 
a - oceBOH paJpe3 peaKTopa C .llHCKOBOH A3 6e3 Oi-pc\)!(aTeJJll; 
6 - oceBOH pa3pe3 peaKTopa C ,llHCKOBOH A3 C Oi-pc\)!(aTeJJeM; 
a - cxcMa no.11secKH ,nHCKOB Ha ycrynax Kopnyca; I - oceeall no­

JJOCTb: 2 - nlJlb3bl·YCTYObl s11yrpeHHeil TP) 6bl KOpnyca; 3 - ,llHC-
KH A3; 4 - Kopnyc A3 

CTaTK4eCKlle HeHTp0HHble xapa1<Tep11CTl1Kl1 pea,rro­

pos (Kp11Tl14eCKl1e pa.3Mepb1, BpeM.R )f(l13Hl1 MrH0BeHHblX 

HeHTµ0H0B, <jHuOeHC HeHTµ0H0B 11 .nOJa y-113Jly4eHl1.R, 0THe­

ceHHble K I-My nene1-1mo s A3) pacc•rnTblBaJll1 c n0M0IJ.lblO 

nporpaMMbl C-95 MeTOna Mo1-1Te-KapJ10 [9]. TTp11 pac1.JeTe 

Jll1HaMl14eCKl1X KOJ<jl<jl11u11eHTOB rawe1-111l1 peaKTl1BH0CTl1 

11Cn0Jlb30Ba.Jll1 Te0p11!0 B03MyllleHl1H peaKTl1BH0CTl1 11 a1-1a­

JlITTl14eCK0e peweHHe .!lHH3MH4eCK0H 3a)l3411 TepMoynpy­

rocrn .LIJlll n11cKa [ 10, I I]. <l>yHKUHll BOJMylJ.le1-111i1 peaKrns-

1-1ocrn, onpeneJ1i1eMa.11 KaK 11JMe1-1e1-11-1e KOJ<p<p11u11e1-1Ta pa3-

MH0)f(ett11i1 1-1ei1Tµo1-1os k)~> np11 a1-1ece1-11rn B T04KY (r, =) 
He60JlbWOro o6pa3Ua HJ MaTep11a.na peaKTopa B JT0H T04-

Ke, OTHeceHH0e K 06beMy o6pa3ua, HaX0Jl11Jl3Cb C noMo­

lJ.lblO 113BeCTHblX aHaJ1HTl14eCKHX peweHHH 11 0.!lHOrpynno­

B0ro pac4eTa no nsyMepH0H nporpaMMe "JloMa-3" [ 12]. 
Pewe1-111e 3a)la4l1 TepMoynpyr0CTl1 .LIJlll llHCKa C BHyTµeH­

HHM 11 BHeWHl1M pan11ycaM11 a II b, C np0CTµaHCTBeHHO­

speMeHHblM pacnpeneJ1e1-111eM Ter.rneparyphr 

(I) 

11cnoJ1b30aa.nocb B a11ne [ I 0, 11] 

u(r, t) = Kof o(i) £1 p .. ,r )$( oo,,t); (2) 
i=I 

cpcp(r, I)= 

14 

EK0 
00 

l [ 1-v ] =--2 2)-,d' vE0(11.1r)+-E1 (>1. 1r) cp(oo,.t)-
1-v i=I A.1r 

EK o 
--

0 e (r)q(1), 
1-v 

(3) 

rne asene11b1 06031-1a4e1-111H: u(r, t) - pa1111a.nb1-1oe CMewe1111e 

Jll1CKa B T04Ke r; <pep (r, I) - OKpy)f(H0e 1-1anpll)f(e1111e B T0'IKe 

r .!ll1CKa; q(t) - JHeproBbl)leJ1e1-111e B IIMnyJlbCe )leJleHMII K 

M0MeHry t; 
I 

cp( 001 ,1) = 001 f q(~)sin OO; (t-~)d~; 
0 

£, v, P, Ko - C0OTBeTCTBeHH0 M0llYJlb J01-1ra, KOJ<p<p11u11eHT 

TTyaccoHa, nJl0TH0CTb 11 K03<p<pHU11eHT mmei11-1oro TepM11-

4eCK0r0 pacw11peH11.R .LIJlll MaTep11ana !UICKa; Eo, £1 - K0M-

6111-1au1111 <pyHKUHH 6ecceJ1.11 

£0 (t,;r) = J0 (A1r)+a1Y0 (A1r); 

£1 (A;r) = J 1 (11.;r)+a1 Y1 (A1r); 

(1-v)J1 (A1b)-11.1bJo (A1b) 
a -= -'---'---'--'----'-~· 

' A.;bY0(11.;b)-(I-v)Yi (A1b)' 

A.1 - Kopmt ypas1-1e1-111.R 

Pewe1-111e JT0H )Ke 3a)la411 .LIJlll .l111CKa B KBa311CTaTH1.Je­

CKHX ycJl0Bl1JIX .naeTC.R Bb1pa)l(eHllllM11 

l I + v r O a2 ( I + v) I b 0 
u(r,t)=Ko -. fre (r)dr+ 

2 2 
fr0 (r)dr+ 

I a b -a r a 

+ (l-v) ,.6fre0(r)dr ) q(t); (4) 
b2-a2 

a 



{ 

1 b 1 r 
cpcp(r,t)=EKo 2 2 Jre0 (r)dr+ 2 fre0 (r)dr+ 

b -a 
O 

r 
0 

2 I b } 
+ / 2 2 Jre0 (r)dr-0°(r) q(t) . 

b -a r 
0 

(5) 

PeweHHll ( I )-{5) 6blJIH BKJIIO'leHbl B 06wy10 CHCTeMy 
ypaetteHHH .ll.Jlll HeihpOHHbIX nepeXO.llHblX npoueccoe B 
AMP, H Ha octtoee noJJHOM c11cTeMbl ypaetteHHM coJ.natta 
6onee WHpOKall, 'leM paHbWe, MaTeMaTH'leCKall nporpaMMa 
pac'leTa KHHeTHKH H .llHHaMHKl1 peaKTopoe (13]. 3Ta npo­
rpaMMa HCnOJJbJyeT 113BHe JJl1Wb YKaJaHHble BbJWe CTaTH­
'leCKHe HeHTµOHHhie xapaKTepHCTHKH Al1P 11 .neyMepttylO 
<l>YHKUHIO aHH30TµOnHH nOTOKa g(r, z), paCC'llffbIBaeMy!O 
no nporpaMMe "JloMa-3". 

l1iTaK, reoMeTµH'leCKall <pOpMa paccMaTµHBaeMbIX 
3.lleCb eapHaHTOB 0.llHHapHoro Al1P - U11JJHH.llp C 60JJbWOII 
oceeoii noJJOCTblO. ,/J;eTaJJH A3 HMe!OT cj>opMy CTporo oce­
CIIMMeTµl1'1HblX .lll1CKOB C e.n11HCTBeHHblM oceBbIM OTeep­
CTHeM, 11 KpenJlTCll Jll1CKl1 Ha ycrynax BHyrpeHHeH TPY6bl 
Kopnyca (cM. p»c. I). B 3TOH KOHCTPYKUH11 np11 yc11oe1111 
C03.llaHl1ll .llOCTaTOt{HbIX 3a30poe Me)K.ny .lll1CKaMl1 11 ettew­
HHM 6oKOBblM yt{aCTKOM KOpnyca KaK11e 6bl TO Hl1 6blJJO 
y.napb1 .neTanei1 A3 no Kopnycy 11CKJJ10t{a10TCll. Ey.n.eT 
11MeTb MeCTO JJHWb c11a6oe OTTaJJKHBaHHe B eepTHKaJJbHOM 
HanpaeJJeHHH .n11cKoe OT ycrynoe - siBJJeHHe CTOJJb tteonac­
Hoe, 'ITO ero MO)KHO nOJJHOCTblO Hrttop11poeaTb, npe.n.y­
CMOTpee J111Wb 3830p MelKJlY ycrynaM11 H eepXH11MH no­
eepXHOCTSIMl1 pacnOJJOJKeHHhIX HHJKe .llHCKOB, .llOCTaTOt{HblH 
.ll.JlJl ceo6o.nHoro KBaJHCTaTllt{eCKOro pacwHpeHHll JlHCKOB 
no TOJJWHHe. 

PaccMaTµ11ean» eap»aHTbl Al1P 6eJ OTµa)l(aTeJJll 11 c 
oTµa)KaTeJJeM HJ JKe11e3a TOJJW11HOH l O cM. Pac'leTbl AMP 
BblOOJJHl!JlH B c11e.ny10U1HX npe.nnOJJO)l(eHl1l!X: 

- Tonw11Ha JKeJJeJHoro Kopnyca A3 paeHa 0,5 CM; 
- eHyrpeHHl1H pa.neyc A3 no cnnaey paeeH 15,5 CM; 
- BblCOTa A3 no cnnaey e AMP 6e3 OTµa)l(aTeJJl! paetta 

.n11aMeTµy A3; 
- BblCOTa A3 no cnnaey e Al1P c OTµa)l(aTeneM TaKasi 

)Ke, KaK e Al1P 6eJ oTµa)l(aTensi; 

- 3Hat{eHHll napaMeTµOB £, v, p, Ko, Cp .llllll HenryH11H­
ran1111eeoro cnnaea npHHl!Tbl paeHbJMH 172,6 rna; 0,22, 

14,5 r/cM3
; 25· 10-6 K- 1

; 0, 190 AJK!(r·K). 

PeJyJJbTaTbl pac'leTa CTaTl1'leCKHX HeMTµOHHblX napa­
MeTpOB Al1P H napaMeTµOB HMnyJJbCOB .neJJeHHH B npeit­
nOJJO)l(eHIH1, 'ITO MaKC11MaJJ bHbl H paJorpee TOrurnea paeeH 
520 °C (np11pocT Tet.meparypb1 3a 11Mny11bc paeeH 500 °C), 
rrpeitCTaBJJeHbl B Ta6n. 1, 2. ,/J;aHHble no cj>n10eHCaM HeH­
TµOHOB H .noJaM y-11Jny'leH11S1, npe.n.craene1-11-1b1e e rn6n. 2, 
JIBJllllOTCll cpeitHHMH no 3KBaTOpHaJJbHOH 0611acn1 Bb!COTOH 
IO CM e nonocrn HJJH e ccj>epe pait»ycoM 2 CM, eoo6pa)l(ae­
MO noMeweHHOH e6JJH311 BHewHeti rpaHltUbl peaKTopa (Ha 
paCCTOl!Hl1H 1 MM). 

B uensix cpaetteHHJl e Ta611. I, 2 np~1ee11eHb1 TaK)l(e 
pattee nony<1eHHb1e 11a1-1Hb1e .ll.Jlll Al1P c A3 HJ ypaH­
Mo11116iteHoeoro cn11aea [I]. 

11Me10wHeCS1 cee.nemu1 o npOlfHOCTH 1-1enryH11H-ran-
1111eeoro 11 ypatt-Mon116.n.ettoeoro cnnaeoe .na10T ocHoeaHHJl 
.llllll JaKJJIOt{eHHll O JtOnyCTHMOCTH npe.ncTaeJJeHHblX B 
Ta6Jl. 2 HMnynbCOB c MaKCl1MaJJbHblM pa3orpeeoM 520 °C. 

,D,aHHbie Ta6n. 1, 2 .neMOHCTµ11pyJOT y6em1TeJ1bHble 
npeHMymecTBa Al1P c 1-1enrytt11ti-rann11eeoti A3. B 3THX 
peaKTopax, HeCMOTµll Ha 6onbWOH 06beM nOJJOCTH, MO)l(HO 
rettep»poeaTb HMnyJJbCbl c q>moeHCOM 6blCTµbIX HeHTµO­

HOB - 1,3· 10 IS HeHTµ.lcM
2 

np11 .llJIHTeJlbHOCTH - 50 MKC, 
He)lOCTH)l(l1MOH e peaKTOpax c ypaH-MOJJ116.neHOBOH A3. 
K Ba)l(Hb!M .llOCTOHHCTBaM peaKTopoe C HenryHl1H-raJJJll1-
eeoH A3 cneityeT OTHeCTH TaK)Ke OTCyTCTBl1e He06XO.llHMO­
CTl1 B HHX 3KpaHHpoeaHHll OOJJOCT11 HettTµOHOnornow,alO­
IUHMH MaTepHaJJaMH. 3TO npe11My1UeCTBO peaKTopoe C Hen­
TYHHH-raJJJJHeBOM A3 cel!JaHo c noporoeocTblO ttenryHl1ll 11 
npHHUHnl1aJJbHbIM 11CKJJ!Ot{_eHHeM cj>aKTOpa neperpeeoe 
TOnJJHBa B CMe)l(HbIX C noJJOCTblO o6nacrnx np11 JanonHe­
H1111 nonocrn 3aMeJlJJJIIOIUl1M HeHTµOHbl eemecTBOM. YKa­
JaHHaJl oco6eHHOCTb peaKTopoe c HenryHHti-rann11eeoil A3 
yMeHbWaeT TaK)l(e B03M0)1(HQCTb npOl!BJJeHl1ll B Hl1X onac­
HOro 3cj>cpeKTa aBTOKaTaJJl13a. 

,ZJ,pyrnM11 npe11MymecTeaM11 Al1P c HenryH11i1-rannH­
eeoi-1 A3 l!BJJJIIOTCJI OOHH)KeHHhIM ecne11cTB11e HeBblCOKOro 
3Ha'leHl1l! ~)<jl ypoeeHb TaK HaJbIBaeMOfO "xeocra" 11Mnynb­
ca H MaJJall 'IYBCTBHTeJJbHOCTb K B03JteHCTBl110 Ha peaKTOp 
OKpy)l(alOIUHX npeitMeTOe 11 CTeH noMeLUeHl1ll. 

Ta6n»ua 1 

CTaTH'leCKHe napaMeTµbl O.lll!HapHbIX AMP (paJMepbl A3 yKaJaHbl e CM) 

Tonum,m oi-pa- 811yrpeHHl1H 8b1c0Ta A3 BpeMJI JK11J111-1 
~3<j,· 10

3 
H Macca MaTep1-1an A3 JKaTeJJJI 1-13 Fe (6eJ 11 BIICWlll1H 

11 k3<j, 
MrHOBeHHblX cnnaea s A3, Kr 

YYCTa KOpnyca) pam1yCbl A3 HCHl'pOHOB,MKC 

I. Cnnae HenryH11J1 c 9 % 0 15,5- 26, 1 52,2 0,0079 1.62 
raJJJll-111 0,995 940 

2. To JKe 10 15,5- 23,6 52.2 0,0 105 1.61 
I. Cnnas ypa11a 36 %-1-1oro 060- 7 15.5-26,0 0,993 0.0382 675 
rawe1111J1 c IO% MOJ1116.ae1-1a 50 7 

0.9920 1061 
2. Cnnas ypaHa 90 %-noro 060- 0 15.5- 22,4 0,0151 7 
rawe111-111 c IO % Mom16.ae11a 40 509 

0,9995 

np11MeYaH11e. CoJ1epJKru11-1e rann11J1 1-1 Mon1-16J1e1m e cnnaeax - Maccosoe. 
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Ta6m1ua 2 

napaMeTf)bl 11MITyJlbCa .neneHl1H B OD.11HapHbIX AJ.1P (MaKCl1MaJlbHblH pa:30rpee TOnJ111ea 520 °C) 

TOJIUU1Ha W11p1ma ct>moeHC HeHTJ)0H0B }loJa y-HJJ1y <te1rnJ1 
3 3 11eprOBbl· Ja HMny!lbC. 1015 

IICHTp.lcM
2 

0TpIDKaTem1 Hl\tnY!lbca 11a Ja HMny!lbC. 10 rp 
,neneHHe Ja 

MaTepHM A3 HJ Fe (6eJ n0Jl0BHlle 
HMny!lbC, 0K0Jl0 Bllew- 0K0Jl0 BIICW· 

y<teTa K0p· 
M}llK 

BblC0Tbl. B n0Jl0CHI 
Hett rpamlUbl 

B n0Jl0CTH 
11ei1 rpaHHUbl 

nyca) MKC A3 A3 
peaKTopa peaKTopa 

I. Crnias 1-1enTyHHS1 c 9 % 0 54,8 52 1,27 0.48 0,99 0,30 
rMJlHSI 

2. To JKe 10 46,7 66 1.38 0.21 1,38 0.06 

3. Cnnaa ypaHa 36 %-1-1oro 060- 7 59.3 201 1,8 0.43 . . 

rall.leHliJI c 10 % MOJ1H6,neHa 

4. Cnnaa ypa,rn 90 %-1-1oro 060- 0 27,8 123 0,76 . . . 

rall.leHHSI C IO % MOJ1116.neHa 

np11Me•iaH11e. Co.nepJKam1e rMJlHSI H MOJ1116.ne1-1a s cn11aeax - Maccoaoe. 

BAPHAHTbl CBjJ3AHHbIX AHP 

AJ.1P c HemyH111-1-rrut1meeott A3, oco6eHHO e eap11aH­

Te 6e3 o-rpa)l(aTeJJ.11 Hett-rpOHOB, B COCTO.IIHl111 yn.oeJJeTBO­

p11Tb MHOrne no-rpe6HOCTl1 HCnbITaTeJJbHbIX 3KCnepHMeH­

TOB. On.HaKO .npyrne 3KCnep11MeHTbl -rpe6ylOT ycTaHOBOK C 

eme 60JJbWHM11 06beMaM11 nOJJOCTeH, eme 6onee BblCOKl1-

Ml1 D.03aMl1 H HHTeHCHBHOCT.IIMl1 D.03bl y-113JJ-y'!eHl1.II npH 

803MO)l(H0 MaJIOH D.J111TeJlbHOCTH 11MITyJlbCa. 8 KOHTeKCTe 

CKa3aHHOro MO)l(HO YT5ep)l(D,aTb, 'ITO ecn11 6bl e nocnen.HeM 

CJJy<Iae He <jlHryp11poeruta He06XOD.11MOCTb o6ecnel.feHH.II 

MaJIOH D.JJHTeJll,HOCTH 11MITyJlbCa, TO TaKOH ycTaHOBKOH 

enonHe Mor 6b1 6bITb pea1''TOp c A3 W3 ypaH-rpacj>HToeoro 

MaTep11ruta, T. e. peaKTOp T11na 6J.1fP [14], HO c eme 6onb­
we1-1, '-leM e 6J.1fP, oceeott nonocTblO. 

B AMP rnna 6ITTP caMoM no ce6e, on.HaKo, npo6ne­

MaT11'-IHO reHep11poeaTb mmyJJbCbl C D.JJIITeJlbHOCTblO MeHb­

we 1- 2 MC. no3TOMY OH np11HU11nl1aJJbHO He B COCTO.IIHl111 

BblD.aeaTb 11MnyJJbCbl D,J111TeJJbH0CTblO, CKa)l(eM, nop.llD.Ka 

l 00 MKC. KaK 6blJ10 noKa3aH0 paHee, yKa3aHHa.ll orpaHll­

'-leHHOCTb B03M0)1(H0CTeH 6J.1fP MO)l(eT 6b1Tb npeon.onetta 

B pe3yJJbTaTe 11cnOJ1b30BaHl1.II KOHUenu1rn CB.113aHHblX peaK­

TOpoe. Hanp11Mep, B KOM6111-1au1111 C ee.nym11M MaCCl1BHblM 

AMP "Ta1-1cj>y1-1" een.oMblil 6J.1f P 6b1J1 6b1 cnoco6eH rette­

p11poeaTb O'leHb KOpOTK11e 11Mnynbcb1 [IO]. 
Ha 0YTl1 11cnoJ1b3oeaH11.11 KOM6111-1au111-1 yKaJattttoro Tl1-

na 11 ocymeCTBJJ.lleTC.11 3D,eCb nOl1CK pewe1-111.11 3an,a411 KOHCT­

py11poeaHl1.II MOll.lHoro AJ.1P c 60JJbWOH nonoCTblO. B 1-1a­

CT0.111UeM 11 cne.ny10meM pa3n,enax npocne)l(eHbl B03MO)l(HO­

CTl1 perut,nau~m TaKOH ycTaHOBKl1 C nOMO!UblO K0HUenu.1111 

He npocTO CB.113aHHblX peaKTopoe, a CB.113aHHbIX peaKTopoe 

KaCKaD.HOro Tl1na, ocymecTBJJ.lleMblX B B11D.e KOM611Hau1111 

paccMo-rpettttoro BbIWe HenryH11tt-rrutn11eeoro AJ.1P 6e3 

o-rpa)l(aTem1 C ypaH-rpacj>11TOBOH no.nKp11Tl14eCKOH c6op­

KOi1. )],JUI CpaBHeHl1.II paCC'll1TaHbl TaK>Ke KOM6111-1au1111 3TO­

ro AJ.1P C non,KpITT114eCK11Ml1 c6opKaMl1 113 ypaH-MOJJll6D.e­

HOBOro cnnaea 11 KIDKD,OH 113 nOD.KpllTM'-leCKWX c6opoK C 

paCCMOTf)eHHblM11 Bbl We ypaH-MOJJH6.neHOBblMl1 AJ.1P. 
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8 uemnc nOBb!WeHl1J! cj>JJIOeHca Heii-rpOHOB 11 D.03bl y-

113JlY4eHl1.II B MeCTaX pa3Me1UeHH.11 WCnbITbIBaeMblX o6pa3-

UOB paCCMOTpeHa TalOKe B03MO)l(H0CTb OCHa1UeH11.11 yCTa­

HOBKf,f KOHBeprnpoM 11 pecj>JJeKTOpOM n-, y-113JJY'leHHJI. 

Beaymasi ceKUIISI - AHP C 11enrytt11ii-rannne­

BOH A3. B H3CT0.111UeM no.npaJ.nene CTaTbf,f np11ee.neHbl pac-

1.feTHble xapaKTep11CTl1K11 CB.113aHHblX Cl1CTeM KaCKaD.HOro 

nma, COCTaBJJeHHblX ee.nyu111M 11M0YJlbCHblM peaKTOpOM C 

HenryH11i1-rrutm1eeoi:i A3 6e3 o-rpa)l(aTen.11 11 eap11attTaM11 

ee.nOMOH no.nKp11TH'-leCKOH c6opK11 C A3 113 ypaH-rpacj>11TO­

eoro 11]111 ypaH-MOJ1116D.eHOBOro MaTep11ruta. 

reoMe-rp114eCKa.ll cj>opMa non,Kp11Tl1'1eCKl1X c6opOK -

npaBl1JlbHblH U11J111HD.p C oceeott noJJOCTblO 11Jll1 6e3 nonoc­

Tl1, nnocK11i1 napannenemmen. c o-rpIDKaTeJJeM 113 lKene3a 

11Jlll 6e3 OTpa)l(aTen.11. B Ka)l(D,OM eap11attTe nOD.Kp11TH'-le­

CKOH c6opKH 11MeeTCJ! Kopnyc 113 )l(eJJe3a TOJJIUHHOH I CM. 

B uen.11x co3n,a1-111.11 3aMernoro nepenan.a e K03cpcp11u11e1-1rnx 

Hett-rpOHHOH ce.11311 k12, k21 Me>K.ny nepeoii 11 ernpoA ceK­

u11.11M11 noMe!UaJJH nnoCKYIO CTeH"-Y 113 MOJJH6D.eHa TOJJIUH­

HOH 20 CM lillH BOJJbcppaMa TOJJIUl1HOH IO CM (p11c. 2-4). 
B pac'-leTax onpen.en.11m1 Kp11TH'!ecK11e pa3Mepb1 ceK­

u11i1; epeMeHa )1(113Hl1 MrHOBeHHblX HeHTf)OHOB T) , • 2 11 K0-

3cpcp11UHeHTbl HeH-rpOHHOH ce.11311 ceKUHtt k12, k21 ; 3Hal.fe• 

Hl1JI K03cpcp11u11eHTa pa3MHOlKeHl1.II HeHTf)OHOB nepeoA II 

eTopo» ceKUHH k,qi 1, k3<1>2 e MOMeHT re1-1ep11poea1-11rn HM­

nynbca B Cl1CTeMe , nOBblWalOIUero MaKCHMaJlbHYIO TeMne­

paryp y CeKUl1H D.O 500 °C (11m1 270, 150 °C); 3HeprOBblD.e­

JJe1111e B ceKU11HX 3a HMITyJlhC; cpnlOeHC Hett-rpOHOB 11 D.03Y 

y-113JJY'leHH.11 B nOJJOCTll nOD.KpHTH'-leCKOH c6opK11 J,f OKOJJO 

ee BHewHeH rpaH11Ubl ; WHp11HY 11Mnynbca Ha nOJJOBl1He 

BblCOTbl e nOD.KPl1TM'-leCKOII c6opKe. B pacl.feTax 11Mnynb­

COB n.en eHl111 B CB.113aHHblX Cl1CTeMaX npen.nonarrut11, 'ITO 

Tel\meparypHblH K03cpcpuu11eHT peaKTl1BHOCTll B non,Kp11TH­

'!eCKOH c6opKe paeeH 1-1yn 10, T. e . caMorawe1-111e HMnynbca 

e CHCTeMe ocymecTeniieTc.11 JJWWb Ja c 1.1eT een.ymeii ceKUH11. 

Pe3yJJbTaTbl pacl.feTOB npeD.CTaBJJeHbl B Ta6JJ. 3 11 4. 
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6 

6 

PHC. 2. CxeMaTH'leCKOe H306pIDKeHHe .nsyxceKUHOHHblX CHCTeM 

N~ 5, 12: a - ocesoe ce'leHHe; 6 - ropH30HTaJJbHOe ce'leHHe; 

I - 11errry1rnA-raJJn1-1esrui A3 se.nyllleA ceKUHH; 2, 6 - ocesb1e 

nonocrn; 3 - CTeHKa H3 MOnH6.neHa; 4 - ypaH-MOnH6.lleHOBaJI HJIH 

ypaH-rpacJ?HTOBaJI A3 IJe.llOMOH ceKUHW 5 - CKOWeHHbIH c .nsyx 

CTOpOH OrpIDKaTenb H3 Fe 

a 6 

2 

B 

r 

2 

3 

4 

5 

P11c. 3. BH.ll .nsyxceKUHOHHbIX CHCTeM N~ 6, 8 B OCeBOM Ce'leHHH: 

I - CKOUJeHHb(H C JlByx CTOpOH orpIDKaTenb (,13 Fe; 2 - Be.llOMaJI 

ceKUHll c ypaH-MOnK6.neHOBOH A3; 3 - se.nywrui ceKUKll c Herrry­

HKH-raJJnKeBOH A3; 4 - JaMe.nm-1Tenb HeilrpOHOB 113 Mo 1-tnK W; 

. .. .. . . .. .. . . ... . 

.n 

5 - ocesrui noJJOCTb 

. . . . . . . . . . . . .. . ... .. .... .. . . . ... . . 

2 

PKc. 4. CxeMarn'lecKoe KJo6palKeHKe no.nKpKTH'lecKHX c6opoK CHCTeM N2 7, 9- 11: a r 

.ll - sepTHKaJlbHOe 11 ropH30HTaJlbHOe Ce'!eHHe nJJOCKHX 110.llKpHTH'leCKHX c6opOK CHCTeM 

N~ 7, 10, 11 COOTBeTCTBe1rno: 6 - aepTHKaJlbHOe H B - ropH30HTaJlbHOe CC'leHHe UHnHH.ll-

pH'ICCKOH no.nKpHTH'leCKOH c6opKH CHCTeMbl 9; I - A3: 2 - OTpalKaTeJJb HeilrpOHOB 

' ' . 
17 
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lloMep 
CIICTCMbl 

5 
(pHC. 2) 

6 
(p11c. 3) 

7 
(pHC. 
4. a) 

8 
(p11c. 3) 

9 
(p11c. 

4, 6. e) 

10 
(pHC. 
4, r) 

II 
(pHC. 
4, ll) 

12 
(pHC. 2) 

Ta6111-1ua 3 

Crnrn<1ecKHe napaMeTJ)bt ce.11Jat1HblX CHCTeM (ee.nywrui ceKl.lH.!I - Al1P c HenryHHi1-ranm1eeoi1 A3) 

BpeMH 

feOMCTf)llll napaMCTJ)bl ee.nyweil napa,1CTpbl 00,1lKp11Tl1'lCCKOil Q-rpalKaTenb CnoA 
)1(1131111 

no.nKp11Til'lCCKOil k21 , k12 Mn!OBCHHblX 
CIICTeMbl CCKUIHI COOpKII c6opK11 113 Fe 33MC.llRHTeJlll HCllTpOHOB, 

TJ , •2, MKC 

CeKUHH I, 2 8Hyrpe1rnHH 11 Cnnaa ypa1-m 36 %-11oro 060- CKowe1111b1H CTeHKa H3 Mo. 0.0102 0,00851 
Ha paCCTOll- BlleWHl1H pa.IlH)'Cbl rru.uel!Hll c 10 % MOnH61leHa. nORblH UH- To11urn11a 20 CM: 0,00191 0,0459 
IIHH omia OT 15,5-25,5 CM, Bbl- noJlblH UHJ1H111lp C BHyrpeH- JlHHJlp TOJllUH- BblCOTa 11 WHp11-
11pyroi1 corn 5 I CM. Macca HHM 11 BlleWHHM pa.nHycaMH IIOH 10 CM Ha 80 CM 

cnnaea 854 Kr 15-25 CM . BblCOTOH 50 CM. 
Macca cnnaea 974 Kr 

CCKU11ll I BHyrpCIIH11H H Cn11a0 ypa11a 36 %-11oro 060- 60KOBOH H TOp- 60KOBOH H TOp- 0, 157 0,00911 

BIIYfpH BIICWIIHH PMHYCbl rru.ue111111 C 10 % MOJ1H61leHa. ueeoi:l, cKoweH- ueeoli cnoH H3 0,00366 0,0508 
ceKUHH 2 5-14 CM, BblCOTa noJlblH UHJlHHJlp C BH)'TpeH- Hblli C llByx CTO- Mo. To11wH11a 

30 CM. Macca HHM 11 BlleUIHHM prurnycaMH po11. To11w1111a 20 CM 
cnnaaa 210 Kr 34-42,5 CM , BblCOTOH 86 CM. 10 CM 

Macca cnnaea 2723 Kr 

CeKu1rn I, 2 B11yrpeHH11i1 H Cnnao ypa11a ( I 0-36) %-Horo 6e3 CTe11Ka HJ Mo. 0,012 0,00859 
I-fa pacCTOll- BHeWIIHH pa.Il11YCbl o6orar.ueHHll C IO % MOm1611e- OTpIDKaTeJlll To11w1111a 0,00165 0,0599 
HHH OllHa OT 15,5-25.5 CM, Bbl- Ha. IO nJIOCKlfX cnoee TOJllllH- 20 CM: BblCOTa 
llpyroi,i corn 51 CM. Macca HOH 3.5 CM C B03p3CTIUOlllHM H WHpHHa 

cnnaea 854 Kr OT 10 llO 36 % o6orar.ueHHeM. 80 CM 
06paJylOT nnaCTHIIY pa3MC-
poM 70x70x35 CM. Macca 
cnnaea 2658 Kr 

To )Ke 8HyrpeHHHH H Cnnao ypa11a 36 %-Horo 060- 60KOBOli H TOp- 60KOBOH H TOp- 0,237 0.00765 
BHCWIIHH pMHYCbl raweHlill c 10 % MOJ1H61leHa. ueeoll, CKOWeH- UCBOH CJ1011 H3 0,0125 0,0396 
5-14 CM. BblCOTa noJlblH UHJlH!Ulp C BHyrpeH- llbllt C JlByx CTO- Mo. ToJ11UHHa 
30 CM. Macca HHM H BIICWHHM pa.n11ycaMH pOH. TOJllUHHa 20 CM 
cnnaea 210 Kr 24-33.5 CM. BblCOTOH 66 CM. 10CM 

Macca cnnaoa 1756 Kr 

CeKUIIH I. 2 B11yrpe111111i:i H Ypa11-rpaQl11TOBblH MaTepHaq CKOWeHHblf.1 CTeHKa HJ Mo. 0 00364 0.00851 
Ha pacCTOll- 011ewm11i PMH)'Cbl (MaTep11aJ1 peaKTopa 61,ff P). nOJlblH UH- To11utH11a 0,000328 0,349 
HHH 011H3 OT 15,5-25.5 CM. Cn11ow11oi1 UH11111111p panHy- JlHHllp TOJllllH- 30 CM. 8blCOTa 
11pyroli BblCOTa 51 CM. COM 27 CM, BblCOTOH 53 CM. HOli 20 CM 11 WHpHl!a 

Macca cnnaaa Macca TOOJlHBa 373 Kr 80 CM 

854 Kr 

To )Ke To )Ke y paH-rpaq>HTOBblH MaTepHan. 6e3 CTeHKa HJ Mo. 0.0241 0,00851 
n11aCT11Ha pa3MCpOM OTpIDKaTem1 To11ut11Ha 0,00242 0,261 
100x100x34 CM. Macca 20 CM. 8blCOTa 
TOnJlHBa 1044 Kr H WHpHHa 

80 CM 

- " - - " - Ypa11-rpacj>HTOBblli MaTe- Topueaofi To )Ke 0.0156 0,00851 
pHan. nnaCTHHa pa3MCpOM OTpa)K3TCJ1b 0,00285 0,314 
60x60x40 CM. Macca Ton- TOJllllHIIOH 
m10a 442 Kr 20 CM 

- " - - " - Ypa11-rpa<jJHTOBblli MaTepHan. CKoweHllblH - " - 0.0144 0.00851 
noJlblH UHJlHH,np. nOJlbJl,l UHJlHHllp 0.00132 0,397 
BHyrpeHHHH H BllelllHHH TOJllllHHOH 
pa.Il11)'Cbl 15-36 CM. 8bJCOTa 20 CM 
72 CM. Macca TOIIJ111Ba 744 Kr 

npHMe'laHHe. Co11eplKa1111e MOJ1H611e11a o cnnaeax ypa11a - Maccoeoe. 
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Ta6n11ua 4 

napaMC'rpbl 11MnyJTbCa neneHl1H B CB.113aHHblX Cl1CTeMaX (BCJl)'lUa.11 CCKU11.II - Al1P C Henrytt11H-faJTJll1CBOH A3) 

noo1,1we1rne 3HeprOBblllCneHHe 
<I>moeHC HettTpOHOB B nonOCTH A.11P 11 

Wwp1ma HMnyn1,ca OKOno BHCWHeH rpaHHUbl nOllKpHnl-
HoMep 

4!>1, 4!>2 
TCMneparypbl B o A.11P H nollKPHTH-

B nOllKpHT11'leCKOH 'leCKOH c6opKH, I· 10 15 
Hei-lTp./c~i2 

CHCTeMbl nOllKPHTH'leCKOH •1eCKOH c6opKC, 
c6opKe, °C MJJ.)I( 

5 1,00245 500 53 
0,998 60.3 

6 0,9655 500 11,5 
0,9926 125 

7 1,00144 500 52,8 
1,0014 113 

8 0,9115 500 11,7 
0,976 88,2 

9 1.00425 500 49,1 
1,0046 74,6 

10 0,9993 500 50 
0,9975 127 

11 1.0013 500 52.8 
0,9966 79,6 
1,00276 270 26,4 
0,986 39,8 

12 1,0015 500 51 
1,0030 183 

Be,uywast ceicunst - AHP c ypaH-Monn6,ueHoeoii 

A3. B )TOM nonpa3JleJle np11BellCHbl xapaKTep11CTWKl1 CB.ll-

3aHHblX Cl1CTCM, COCTaBJleHHblX ee.uywett ypaH-MOJ!H6Jle­

HOBOH A3 6e3 o-rpa>KaTeJl.11 11 HCCKOJlbKl1MH eap11aHTaMH 

BellOMOM nOJlKp11TH'ieCKOH c6opK11 C A3 113 ypaH-rpacjll1TO­

BOrO 11Jll1 ypaH-MOJ1116}leHOBOf0 Marep1-1ana. 

reoMe-rp11'iecKa.si cjlopMa AJ.1P - npaB11J1bHb1i:i u11n11H.llp 

C oceBOH nOJJOCTblO, n0.1lKpHTlflfCCKl1X c6opOK - npaet1Jlb­

Hbl H Ul1Jll1HllP C noJJOCTblO 6e3 o-rpa>KaTeJl.11 HJ111 C o-rpa>Ka­

TeJleM 113 >KeJle3a. 8 OJlHOM eapHaHTe MC>KJlY CCKUH.IIMH 

noMelllaJJH nJJOCKYIO CTeHKY 113 MOJlH6JleHa TOJllllHHOH 20 CM. 

B pac'leTax onpelleJl.llJ!H Te )KC napaMe'rpbl Cl1CTCM H 

IIMnynbca B HHX, 'iTO H B npe.llbl.llYlllCM OOllPaJJleJJe. KaK H 

paHee, npe.1lnonarru111, lfTO TeMneparypHbtH KOJcjlcjl11u11eHT 

peaKTHBHOCnt 8 OOllKPI-ITHlfeCKOH c6opKe paaeH ttyJ!IO. 

npellCTaBJJeHHblC B H3CTO.llllleM no.1lp33JleJJe CB.113aHHble 

AJ.1P He .IIBJl.lllOTC.11 K3CKallHblMH. HaJHa,1eH11e ~IX - )l.eMOH­

c-rpaUH.11 8 pe3yJlbTaTe cpaBHCHl1.II npeHMylUeCTB CB.113aHHbIX 

AJ.1P KacKa}lHoro T11na. 

Pe3yJJbT3Tbl paClfeTa paCCMO'fPCHHblX 3.1leCb Cl1CTCM 

npHBCJlCHbl B T36Jl. 5 H 6. 

HaH6onee J<b<beKTnBHbte eap11at1Tbt paccl\10TpeH­

HbIX CBSl33HHblX Al1P. J.1HcjlOpMaUl1.II O napaMe-rpax pa3-

Jll1'iHblX eapH3HTOB JlByxceKU110HHblX AHP npe.ncraaJJeH-

19 

c6opKe, MKC OKono nOllKPHTH-
o nonocrw AHP 

'leCKOi-l c6opKH 

85 1,4 0,43, ll033 160 rp. 
B nonOCTH 1,8, ll033 

1920 rp 

415 1,6 0,31 

125 1,4 0,9 

189 1,6 0,4 

189 1,4 0,54 

397 1,4 0,77 

257 1,4 0,64, ll033 
1180 rp 

116 1,4 0,32, ll033 
590 rp 

1140 1,4 0. 71, e nonOCTH 4,5 

Ha.II 8 Ta6Jl. 3-6, n03BOJl.lleT npOBO}ll1Tb oT6op CHCTeM, llOC­

T3TOlf HO 3cpcjleKTl18HblX B acneKTe reHepHp083HH.II. 11M­

nyJJbCOB C MaJJOH )l.mlTeJlbHOCTblO 11 BblCOKl1MH ypoBHJIMH 

cjlJJtOeHCa Hett-rpOHOB II }l03 y-H3JlYI.JCHH.II. npe>K}lC ecero 

)Ta 1rncjlopMau11.11 C OlfeBl1}lHOCTblO YKaJbIBaeT Ha 6ecnep­

cneKTHBHOCTb CHCTCM c BC.llYlllHM ypaH-MOJ1H6JlCHOBblM 

AHP. 3TH CHCTeMbl (Ta6n. 5 11 6), KaK 11 O>KI1}l3Jl0Cb, noJJ­

HOCTblO Jll1WCHbl npI13HaKOB KaCKa.llHOCHI, H HMOYJJbCbl 

.neJJeHHH B Hl1X HMelOT OlfeHb 60JJbWyto JlJ111TCJlbHOCTb. 8 
KOHTCKCTe ueneH H3CTO.IIIUCH CTaTbl1 3TH CHCTeMbl HHTepe­

ca He npellCTaBJlJTIOT 11 B .llaJlbHeHWeM paccMaTpIIBaTbC.11 He 

6y.1lyr. 

8 OTJ!UlfHC OT 3THX yc-rpoHCTB CHCTeMbl C BCJlYIUHM 

ttenryH11tt-rann11eeb1M AHP (cM. ra6n. 3, 4) OTJ1Hlfat-0Tc.11 

5-40-KpaTHblM nepena.noM 3H3'lCHHH K03cjlcjl111.u1eHTOB HeH­

'fPOHHOH CB.11311 CCKUHH 11 onpe.neneHHO Bbtpa>KCHHblMH 

np113H3K3MH KaCKa.llHOCTII. )1,JJ11TCJlbHOCTb HMnynbca JleJJe­

HHH B 00.llKPIITHlfeCKl1X c6opKax 3Tl1X CHCTCM B HCCKOJlbKO 

11J!H .lla>KC BO MHOfO pa3 KOpO'ie, 'ieM B rex )KC 00JlKpI1TH­

'ieCKl1X c6opKax .nenCTBYIOLUHX 8 K3lfCCTBe OllHHapHblX 

(T. e. OllHOCCKUHOHHbIX) Al1P. 

no MHCHHIO aempoe CTaTbH, cpellH npeJlCTaBJJeHHblX 

8 Ta6n. 3, 4 CHCTeM HaH60JJbWero BHl1M3HHJI .llOCTOHHbl 

Cl1CTCMbl no.n HOMepaMH 5 11 I I. non.KpHTH'iCCKa.11 c6opKa 

CHCTCMbl N2 5 - 3TO OOJlblH UHJIHHllP H3 ypaH-MOJJl16JleHO-



l-loMep 
CHCTeMbl 

13 

14 

15 

16 

Ta6Jrnua 5 

CTaTH'1eCKt1e napaMeTJ)bl CBll33HHblX CHCTeM (Be.!l)'WM ceKUHll - AMP C ypaH-MOJlH6.neHOBOl:i A3) 

OrpIDKaTe/1 b BpeMll ,1rn3Htt 

re0Me-rp11J1 napaMeTpbl napaMeTpbl no11KpHTl1'leCK0H no11Kp11T11'lec- Cnoi1 MrH0BellHbJX 

CHCTeMbl se11y1Uei1 ceKu1111 COOpKH KOH c6opK11 3aMe111111Tenll k21, k12 HeHTp0H0B 

113 Fe t1. t2. MKC 

CeKu1111 I, Cnnas ypa11a 90 %- YpaH-rpacj111rns1,1i1 MaTep11a11 6e3 6e3 JaMe111111- 0.082 0,0192 
2 Ha pac- H0ro 06ora1UeHHll (MaTep11an peaKTopa 6HrP). 0TµIDKaTe/lll Tenll. Me'lK.D.y 0,076 0,319 
CT0lllll111 C IO % M0/111611eHa. CnnowHoii u1111111111p pan11y- ceKU11llM11 I. 2 
011H3 OT no/lblH U11i111Hllp. COM 26.5 CM, BblC0T0H 53 CM. 3aJ0p 3 CM 
11pyroi-1 BHYTpe11H11i1 11 Macca rnn1111sa 359 Kr 

BIICWIIHfi pan11yc1,1 
15.5-21.15 CM. 
8blCOTa 40 CM. 
Macca cnnasa 
403 Kr 

To 'lKe To 'lKe Cnnae ypa11a 10-36 %-11oro To'lKe To 'lKe 0,1188 0,0171 
06ora1Uemu1 c IO % M011116- 0,0705 0,0498 
11eHa. IO IT/l0CKHX CJl0eB T0Jl-
IUHII0H 3,5 CM C B0JpaCTatO-
!UHM OT IO 110 36 % o6onuue-
Htte\1. O6paJytoT nnaCTHHY 
paJMep0M 70x70x35 CM. 
Macca cnnasa 2658 Kr 

- " - - " - To 'lKe - " - CTeHKa 113 Mo. 0,0189 0,0212 
To11w11tta 20 CM. 0,0102 0.0598 
Bwcorn 11 urn-
pHH3 80 CM 

- " - Cnnas ypa11a 36 %- YpaH-rpacj)HTOBblH MaTep11an CKowe1rn1,1i,1 6eJ JaMCllJlH- 0,0102 0,0321 
11oro 06ora1Uett11ll CnnowHoi-1 u111111tt11p pan11y- IT0JlblH UH- TeJlll . PacCTOll- 0,0133 0,327 
c IO % Morut611e11a. COM 29 CM, BblCOTOH 58 CM. mrn11p T0J1Ull1- HHe Me'lK.D.y 
no111,1i,1 UHJlHHllp. Macca rnn1111sa 4 70 Kr IIOH 20 CM uettTpaMH ceK-
BHYTpettHHi-1 11 UlfH 120 CM 
BHew1111f:1 p311HYCbl 
15,5-28,5 CM. Bbl-
corn 55 CM. Macca 
cnnasa 1532 Kr 

np11Me'!a1111e. Co11ep'lKa1rne Mo1111611eHa B cnnasax ypatta - Maccosoe. 

Ta6n11ua 6 

TTapaMeTJ)bl HMnyJlbCa .n.eneHHH B CBll33HHblX Cl!CTeMaX (ee.nywaH ceKUHJI -AMP C ypaH-MOJ1116.n.eHOBOH A3) 

nos1,1we1111e TeM- 3tteproe1>JJ1e11e-
<I>moeHC IICHTµ0H0B B nOJ10CTl1 AHP 11 

W11p11Ha HMnynbca B 0KOJ10 BHCWHef:1 rpam11~1,1 11011KPHTH'lC-
l-loMep k:><1>1, neparyp1,1 B non- IIHC B AHP H 

TI0llKpHTH'lCCK0H CKOH c6opKH, 1 · 10
15 

HCHTµ.lcM
2 

CHCTeMbl k:><j)2 KpHTH'leCKOfl TI011Kp11TH'lCCK0~i 
c6opKe, MKC 

c6opKc, °C c6opKe, M,n* B TI0J10CTl1 OK0/10 no11Kpl1Tl1-
AHP '!eCK0fl c6opKH 

13 0.7705 500 24,4 
9 

2,91·10 (HMllYilbC Ha 0,76 0,55 
0,9730 74 3aITaJllblBUIOIU11X 

IICHTpOHax) 

14 0,6803 500 24.4 
9 4,08· IO (11Mny111,c 11a 0,76 0,9 

0,8739 111 3311aJAblBal0IUHX 
Hef!TµOHax) 

15 0,9626 500 24,9 2580 0,76 0,9 
1,0028 111 

16 0,9939 500 73,4 1030 - 0.6 
0,9881 83,9 

20 
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soro CTUJasa c 36 %-HblM 06oramem1eM ypaHa. 8b1coTI1 

c6opKH paBHa 50 CM, pa.11,eyc nOJlOCTH s HeH paseH 15 CM. 

C6opKa HMeeT CKOWeHHblH OTp8)KaTeJ1b HeHTpOHOB HJ )Ke-

11e3a TOJ11Ul1HOH IO CM. TT pH ycnoBIIH M8KCHM8JlbHOro pa-

30rpesa TOTUJHB8 500 °C .11,JllffeJlbHOCTb HMnyJlbCa .11,eneHHH 

B 3TOH c6opKe, K8K B KOMnOHeHTe CBJl38HHOH CHCTeMbl 

.N!! 5 , pasHa 85 MKC. KaK nOKa38J1 pacYeT .11,JlHTeJlbHOCTb 

11MnyJ1bCa B 3TOH )Ke c6opKe, .11,etiCTB)'}Oll.leH B pe)Kl1Me 0.11,­

HOCeKUJ.IOHHOro Al1P, paBHa 20 I MKC. 

ITo.11,Kp11THYeCKa.R c6opKa CHCTeMbl .N!! 11 - 3TO ypaH­

rpa<pHTOBa.R nnaCTHHa pa3MepoM 60x60x40 CM C TOpueBblM 

0Tp8)1(8TeJ1eM HJ )KeJleJa TOJlll.lllHOH 20 CM. Tip11 MaKCH­

M8JlbHOM pa3orpese TOnmrna 500 °C .11,JlHTeJlbHOCTb HM­

nyJlbCa B 3TOH c6opKe pasHa ~ 260 MKC, np11 270 °C (B .11,88 

paJa MeHbWee 3HeprOBbl.11,eJ1eH11e) - 116 MKC. }],.rrnrenb­

HOCTb HMnyJ1bC8 B 0.11,HOCeKUHOlfHOM ypaH-rpa<pHTOBOM AMP, 
K8K nOKaJ8J1H pacYeThI H OOblT 3KCl1JlY8TilUIUl pea1rropa 

611fP, npH pa30rpesax 500, 270 °C npeBblWaeT 2000 MKC. 

TiapaMeTpbl nOJl.R H3JlyYeHH.R OKOJ10 ypaH-rpa<pHTOBOH 

no.11,KpHTHYeCKOH c6opKH B CHCTeMe N'!! I I .11,0BOJlbHO 3H8-

4HTeJ1bHbl npH pa3orpese He TOJlbKO llO 500 °C , HO 11 llO 

270 °C. CHcTeMa N'!! 11 npesocxo.11,HT c11cTeMy N'!! 5 no 

cpmoeHcy HeHTpOHOB H eme 6onee no .11,03e y- HJnyYeHH.R Ja 

HMnyJlbC. 06beKTOM ll8JlbHettwero paCCMOTpeHHJI s npe.11,e­

nax .11,8HHOro paJ.11,ena 6y.11,eT HMeHHO CHCTeMa N'!! 11 11J111 

p0.11,CTBeHHbJe ei1 CHCTeMbl. 

BapHallTbl K8CK8JlHblX Al1P,p0JlCTBeHHblX CIICTe­

Me .N"!! 11. Ped>J1eKTOpb1 11 K0HBepT0pb1 11-, y-1tJJIV'le­

~- OYeBH.11,HO, YTO napaMeTpbl nOJl.R n-, y-HJJlyYeHHJI B 

npOCTpaHCTBe, OKpy)KaJOll.leM no.11,KpHTHYeCKYIO c6opKy 

CHCTeMbl N'!! 11 , MOryT 6b1Tb cymecTBeHHO ynyyweHbl ny­

TeM BHllOHJMeHeHl-1.R KOH<p11rypauirn OOllKPHTHYeCKOH 

c6opKH J.I paJMemeHHJI B6J1H3H Hee pecpneKTopa HJlH KOH­

sepTopa .R.11,epHoro H3JlyYeHHJI. YKaJaHHOe BH.11,0l13MeHeHHe 

KOH<pHrypaUHH OJlOCKOH c6opKH B CHCTeMe N'!! 11 JaKJ110Ya­

eTC.R s npHllaHHH c6opKe HCKpHBJleHHOH, a HMeHHO c<j>epH­

YeCKOH cpopMbl , s npe.11,ene nepeX0.11,jjll.leH B nonyccpepy c 

OTKpblTOH nOJlOCTblO llHaMeTpOM 50 CM. 

0 pecpneKTopax H KOHBeprnpax n-, y-11311y•1eHH.R cne­
.uyeT CKaJaTb no.11,po6Hee. 

B 0611aCTH HCTOYHHKOB H3JlyYeHHJI 3HaYHTeJ1bHblH HH­

Tepec npellCTilBJl.ReT B03MO)KHOCTb yc1U1eHH.R OOTOKOB pa­

.UHaUHH B onpe.11,eneHHOM HanpaBJ1eHl1H. l111TepeceH 3TOT 

BOnpoc 11 B np11MeHeHHH K AJtlP, OOCKOJlbKY 3TOro po.ua 

ycHJ1HTeJ1H OOTOKOB 003BOJ1.RIOT ynyt.twaTb ycnoBH.R 3KC00-

3HUHH Ha Al1P 60J1bwera6apHTHblX Y3J10B TeXHHKH. 

B pa6oTax [5, 6] 6btJ10 noKaJaHO, YTO 3H84HTeJ1bHOe 

yc1111eH11e OOTOKOB 6blCTpblX Hef\TpOHOB 11 y-KBaHTOB MO­

)KeT 6b1Tb .11,0CTHrH)'TO C noMOll.lblO pecpneKTopoB B cpopMe 

nonyccpepbl (KBaJHnapa601101-1.11,a) OTKpblTOH C 0.11,HOro HJlH C 

06011x TOpUOB UHJ1HHllpH•1ecKOH Tpy6bl H T. n. IToKaJaHo, 

YTO npH noMelUeHIIH TOYeYHOro HCTOYHl!Ka HJJlyYeHHJI. 

s6nmH nosepxHOCTH nonyc~iepHYeCKoro pecpneKTopa HJ 

)KeJleJa yCHJleHHe nOTOKa HeHTpOHOB Ha paCCTOJIHliJIX 

(3- 1 0)ro OT HCTOY HHKa (ro - pa.11,11yc pecpneKTopa) pas­

HO ~ 5 , a nOTOKa y-KBaHTOB ~ 2 . 

6onee JHaY1ne11eH 3cp<peKT s CHCTeMax c pecpneKTo­

poM B BHlle JaKpblTOH C OllHOro rnpua Tpy6bl. Ko3cpcp11u11-

21 

eHTbl ycHJJeHH.R cpn!OeHCOB B 3TOM cnyYae 6blCTpO paCT)'T C 

yse11HYeH11eM MHHbl Tpy6b1 .11,0 l = (5- IO)ro, nocne Yero 

BblXO.!l.RT Ha nnaTo. Ko3cpcp11u11eHT yc1111eHH.R cpmoeHca 

HeHTpOHOB B Tpy6e 113 )KeJleJa np11 TOYeYHOM 11CTOYHJ.1Ke 

HeHTpOHOB paeeH 39. B CHCTeMe c pecpneKTOpOM s cpopMe 

Tpy6bl C 06beMHblM HCTOYHHKOM n-, y-HJJ1yYeH1rn B BHlle 

MaKeTa 6blCTpOro .Rllep1-10ro peaKTopa K03cjl<pHU11eHTbl yCH­

J1eH11.R <pJ110eHca HeHTpOHOB 11 y-KBaliTOB paBHbl COOTBeTCT­

BeHHO ~ 21 (Tpy6a 113 )KeJ1eJa) 11 ~ 60 (Tpy6a HJ CMecH no­

J1113THJJeHa C K8llMl1eM). 

YKaJaHH8.R HH<pOpM8UHJI OTHOCl1TCJI K T04K8M npo­

CTp8HCTB8, 38MeTHO y.uaneHHblM OT 11CTOYHHK8 H3JlyYeHHJI 

H pecpneKTopa. 6b1110 noKaJaHo, o.uHaKo, •1To ycHJ1eH11e 

cpnioeHcoe Ha6ruo11aeTc.11 H B npoMe)K)'TKe Me)K.uy pecpneK­

TOpOM 11 HCTOYHHKOM 113J1YlfeHl1.R, TilK CKaJaTb B 6J111)f(HeH 

npOCTp8HCTBeHHOH 30He. 3To K8K pa3 TOT CJ1yY8H, KOTO­

pblH paCCMaTp11BaeTCJI B paMK8X H8CTO.Rll.leH CT8Tbl1. 

HH)Ke HCnOJ1bJy10Tc.11 T8K)Ke ycTpoi1crna KOHeeprnpo­

eaHH.R HeHTpOHOB B y-KB8HTbl , TaK HaJb1BaeMb1e n-, y­
KOHBepTOpbl. 3TH YCTpOHCTB8 npe.UOCTaBJl.RIOT B03M0)1(­

HOCTb 3HaY11TeJ1bHOrO HJMeHeHHJI COOTHOWeHH.R 1103 OT 

HeHTpOHOB H y-KBaHTOB. Ornowem,e 1103 OT y-KB8HTOB H 

HeHTpOHOB Ha 6blCTpblX Al1P 06bl4HO paBHO ~ 0, I. n-, y­

KOHBepTOpbl ycHJJHBalOT ll03Y OT y-11311yYeHH.R, a ll03Y OT 

HeHTpOHOB - oc11a6J1.RIOT. }],eHCTBHe n-, y-KOHBepTOpOB 

JaKJ110YaeTCJI B 38Me.11,JleHJrn HeHTpOHOB peaKTopa H B no­

CJ1eD,y101UeM HX JaxeaTe s .1111pax nornoTHTen.11, conpoeo)K-

11aeMOM H3JlyYeHHeM y-KB8HTOB. 3cpcpeKTHBHOCTb n-, y­

KOHBepTopoe 38BHCHT OT THna HCnOnb3yeMblX MaTepHanOB, 

OT KOHCTpYKUHH KOHBeprnpa H cpopMbl ero pacnOJlO)KeHH.R 

OTHOCHTeJlbHO A3 peaKTopa. 

CHCTeMaTHYeCKHe 3KCnep11MeHTbl 11 aH8J1H3 B ue11.11x 

onpe.11,eneHH.R B03M0)KHOCTeH HJMeHeHHJI OTHOWeHH.R nly 
npHMeHHTeJlbHO K KOHKpeTHblM HCOblT8HHJIM 6blJ1H BblnOJl­

HeHbl e ceMH,!leC.RTblX ro.nax Ha aMepHKaHCKHX 6blCTpblX 

Al1P FBR, SPR-11 H APRFR [2, 3]. 8 BOCbMH.nec.RTblX ro-

11ax aHaJlOntlfHble OOblTbl H 8H8J1113 BblnOJlHeHbl B PocCHl1 

Ha peaKTopax 611P-2M, EP-1 H 611fP [4]. 

803epama.RCb K OCHOBHOH TeMe CT8TbH, cne.uyeT 

YTOYHHTb, YTO ynoM.RH)'TOe BblWe BH.!lOHJMeHeHHe KOH<pH­

rypau,rn no.nKpHTHYecKoli c6opK11 CHCTeMbl N'!! 11 JaKJ110-

YaeTc.11 npe)K.ue ecero e y.11,aneHHH OTp8)1(8Ten.R 11 npH.naHHH 

c6opKe cpopMbl Kpyra pa.n11ycoM 35 CM, TOJlll.lHHOH 40 CM, 

JIBJl.RIOll.leroc.R cpparMeHTOM ccpepHYeCKOro CJ10.R C BH)'T­

peHHHM pa.n11ycoM 20 I CM (c11CTeMa N'!! 17, p11c. 5), JaTeM -

cpopMbl Kpyra pa.nHyCOM 36 CM, TOJlll.lHHOH 40 CM, JIBJl.RI0-

11.leroc.R cpparMeHTOM ccpep11YeCKOro CJ10.R C BH)'TpeHHHM 

pa.n1rycoM IO I CM ( CHCTeMa N'!! 18, pHC. 5). nocne 3TOro 

Cl1CTeMa N'!! 18 OCHall.laeTCJI >KeJ1e3HblM nonyccpepH'leCKHM 

pecpneKTopoM c BlryTpeHHHM pa.11,eycOM I 00 CM, TOJ11Ul1HOH 

CTeHKl1 20 CM , paJMell.laeMblM B nOJHUHH C paCCTO.RHHeM 

Me)KllY noeepXHOCT.RMl1 00.!lKPHTHYeCKOH c6opK11 11 pecp­

JleKTopa no OCH CHMMeTpHH 50 CM (c11cTeMa .N!! 19, 

puc. 6) H c paCCTO.RHHeM 40 CM (CHCTeMa N'!! 20, pHC. 6). 

}],anbHeHwee B11,!lOHJMeHeHHe KOHcjl11rypau1111 no,nKpll­

rnYeCKOH c6opKH 38KJ1l0YaeTC.R B npH.!laHHII eli cpopMbl no­

nyccpepbl c OOJlOCTblO pam,ycoM 25 CM (CHCTeMa .N!! 21, 

p11c. 7), B OCH81UeHHII 3TOH CHCTeMbl KOHBepTOpOM n-, y-m-



3 

P11c. 5. 811.U .nayxceKU11OIUlblX Cl1CTeM N2 17. 18 B eeprnKaJlb­
llOM ce'!eH~ni: I - HenT) Irni1-ran1111eaa» A3 eenyweri ceKu1111: 
2 - CTCIIK8 113 Mo: 3 - Kpyrna», ccj>epH'!eCK11 113Orll)T8ll ypa11-

rpacj>11TOB8JI A3 ee,nO\IOH ceKUH11 

4 

P11c. 7. 811.n .neyxceKU11OHHOH Cl1CTCMbl N2 21 B eeprnK8JlbHOM 
Ce'leH1111: I - HerrryH11H-ranm1eBaJ1 A3 eenyweii ceKu1111: 2 -
c-re11Ka 113 Mo; 3 - no11yccj>ep11'!ccKaJ1 ypa11 rpa<l>11Toea» A3 ae-

IlOMOH ceKmm: 4 - no11ycqiep11'leCK8ll OOJlOCTb 

22 

4 

P11c. 6. B11.n .llB)'XCeKUHOHHblX Cl1CTCM N2 19, 20 B eepTHKaJlbHOM 
cc'!emrn: I - Henrym1A-ranm1eaaJ1 A3 eenyweil ceKu1111; 2 -
CTeHK8 11J Mo; 3 - KP) r.18JI. ccj>cpH'!eCKH 113OrH)T8ll ypaH-rpa-

cj>11TOBaJI A3 eenOMOH CCKUIHI: 4 - pecj>neKTop U3 Fe 

4 

5 

PHC. 8. 81m Cl1CTC\lbl N~ 21 C np11~10yrOJ1bHblM BHCUJHl1M n-. 
y-KOHBepTOpOM (c11CTeMbl N2 22. 23) a eepTHKaJlbHOM ce'!eH11H: 
I - 11enry1111ii-ranm1eea» A3 eenytuel! ceKUHH; 2 - CTeHKa 113 Mo; 
3 - nonyccpepH'ICCK8ll ypaH-rpaqmTOB8ll A3 BellOMOH ce1<u1111: 

4 - 11-, y-KOIIBepTop: 5 - OOJlOCTb B n-. y-KOIIBepTOpe 

P11c. 9. 811.U .nayxceKU110IIHOil Cl1CTeMbl N2 24 B aepTHKaJlbllO~I 
ce'!e111111: I - Herrry1111A-ran1111eaa» A3 aenyweii ceKu1111; 2 - CTeH­
Ka H3 Mo: 3 - no11ycq,ep11'!ecKa» ypaH-rpacj>11Toaa» A3 aeno­
MOH CCKUHH; 4 - OTp8iK8TCJlb no.nKpl1TH'ICCKOli c6opKH HJ Fe: 

5 - OOJlOCTb 



JIY'-leHIDI C Ka.!l,Ml1eBblM 3KpaHOM Ha rpaHl1 KOHBepTopa, 

06pa1UeHHOH K OO.!1,Kp11TH'-leCKOH c6opKe (c11cTeMa .N!! 22, 
p11c. 8), 111111 KOHBepTOpOM C 3KpaHOM 113 Kap6Hna 6opa 

(c11cTeMa .N!! 23, p11c. 8). 
C11cTeMa .N!! 24 npe.!1,CTaBJU!eT co6oi-t pe3yJJbTaT B11.!1,O-

113MeHeHJ,U( Cl1CTeMbl .N!! 21, 3aKJJIO'-la101UerocH B npH.!1,aHHH 

ee 0O.!1,Kpl-lTH'-leCKOH c6opKe CKOWeHHOro pa.!1,118JlbHOro 11 

Topueaoro orpa)l(aTeIDI HeHrpOHOB 113 )l(eJJe3a TOJJIUHHOH 

20 CM (p1-1c. 9). 3aKJJI0'-111TeJJbHaH Cl1CTeMa .N!! 25 OTJJJ,fL[aeT­

CH OT npe.L1,wecTBy101UeH Cl1CTeMbl HaJJl1'-111eM BCTaBHOro n-, 
y-KOHBepTOpa TOJJIUl1HOH 5 CM, l1Mel01Uero 3KpaH 113 Kap-

6HAa 6opa TOJ1LU11HOH 5 MM. 

Bo BCeX 3THX CHCTeMaX (.N!! 17-25), KaK 11 B CHCTeMe 

.N!! 1 I, ceKU11}1 1, 2 HaxO.!1,HTCH Ha paccTOHH1111 O.!1,Ha OT APY­

ro/:f, seeymeA ceKu11eA H"BJJHeTCH Al1P c HenryHHH­

raJJJ111eso/:f A3, seAOMOH ce1<1rne/:f - noAKPHTW1ecKaJ1 c6op­

Ka HJ ypaH-rpacjll1TOBOrO MaTep11ana, JaMeM11TeJ1eM HeH­

TPOHOB - CTeHKa 113 MOJJH6.!1,eHa TOJ1LUl1HOH 20 CM, BblCOTOH 

11 wnpHHOH 80 CM. PeJyJJbTaTbl pacYeTOB npe.!1,CTaBJJeHbl B 

Ta6JJ. 7, 8. 
6011ee HarJJH.!l,HaH B cpaBHeHHH C Ta6JJ. 7' 8 .!l,eMOHCT­

paUHH CBOHCTB rnaBHblX 113 paccMorpeHHhlX B HaCTOHIUeM 

no.!1,paJ.!1,eJle Cl1CTeM B conOCTaBJJeHHH HX co CBOHCTBaMH 

CHCTeMbl .N!! 11 npe.!1,CTaBJJeHa B Ta611. 9. 

Ta61111ua 7 
CTaT11'-leCKl1e napaMerpbl BapHaHTOB KaCKa.!l,HblX Al1P, pO.!1,CTBeHHblX CHCTeMe .N!! 11 

OTprut<aTem, BpeMJI )ICl13Hl1 
lloMep Kom\rnrypau11J1 nonKp1m1•1ecKoi:l 

nonKp11T11Yec-
napaMeTpbl pect>JJeKTopa 11 Ko1mep-

k21, k12 
MrHOBeHHblX 

CHCTeMbl c6opK11 
KOH c6opK11 

Topa n-, y-H3JTyYellHJI 11ei:lTpOHOB, 
TJ, T2, MKC 

17 Kpyr pan11ycoM 35 CM, TOJTU111HOH 40 CM - - 0,0148 0 00851 
(p11C. 5) B BHlle cjipan.,eHTa ccjiep114ecKoro CJTOJI C 0,00264 0,303 

BH)rrpeHHHM pan11ycoM 201 CM. Macca 
Tonmrna 476 Kr 

18 Kpyr pan11ycoM 36 CM, TOIIUlMHOi:l 40 CM - - 0,0145 0 00851 
(p11C. 5) B Blo!Jle ~>parMeHTa ccjiepwiecKoro CIIOJI C 0,00243 0,300 

BHYTPeH1111M pan11ycoM IOI CM. Macca 
TOnmrna 512 Kr 

19 To )Ke - PecjrneKTop 113 )Kene:Ja c BffYTPeHHHM - -
(p11C. 6) pan11ycoM I 00 CM, TOIIUlHHOi:l CTeHKH 

20 CM. PacCTOJ1H11e Mell<.lly noeepx-
HOCTJIMl1 50 CM 

20 - II - - ToT )Ke pecjineKTop. PacCTOJ1H11e - -
(p11c. 6) MelKlly noeepxHOCTJIMl1 40 CM 

21 nonycqiepa c nonoCTblO pan11ycoM 26 cM, - 6e3 pecjrneKTopa 11 KOHBepl'opa 0,0109 0,00851 
(p11c. 7) TOIIUlHHOH 33 CM. Macca Tonn11ea 0,00133 0,247 

1180 Kr 

22 nonyccjiepa c nonoCTb10 pan11ycoM 26 cM, - KoHeepTop e 011.ne napannenen11ne.na - -
(p11C. 8) TOJll.l.lHHOH 33 CM. Macca Tonn11ea C BHelllH11MH 11 BHYTpeHH11MH pa3Me-

1180 Kr paM11 50x50x50 CM 11 25x25x25 CM. 
3KpaJI 113 Cd TOJllllHHOH I MM 

23 To )Ke 10 - ToT )Ke KOHeepTop. 3KpaH 113 B4C - -
(p11C. 8) TOJll.J.IHHOH 5 MM, nJIOTHOCTblO 

0,32 r/cM 
3 

24 nonyccjJepa c nonocrb10 pan11ycoM 26 cM, CKoweHHb1A c 6e3 pecjineKTopa H KOHnepTOpa 0,0128 0,00851 
(p11C, 9) TOJTU111HOH 25 CM. Macca Tonn11ea 721 Kr OllHOH CTOpOHbl 0,00132 0,382 

Ol'pa)KaTen b 113 
Fe TOJlUlHHOH 
20 CM 

25 To J1Ce To )Ke BcraeHOH KOHBepl'Op TOJIU111HOH 5 CM. - -
3KpaJl 113 I084C T0Jlll.111HOH 5 MM 

23 



Ta6mnia 8 

napaMeTJ)bl HMnyJJbCOB .neneHHH B KaCKa.QHblX AMP, po.ncTBeHHblX CHCTeMe N!! 11 

noebtWeHHe 
3tteproew1enett11e W11p11Ha HM-

C!>moe11c HCHTpOIIOB H .ll03a y-KBaJITOB 11a paccro-

TCMnepaTyp1,1 l!HHH I OT noeepxHOCTH nOllKPHTW-!eCKOH c6opKH 
HOMCp AHP H nOJlKpt-t-

e AHP H no11KpH-
kJ<J>I , kJ<1>2 

nynbca B no11-
cpmoeHC IICH-CHCTeMbl THYeCKOH c6opKe, KpHTHYeCKOH )1038 

THYeCKOH c6op- 15 
M)l)K c6opKe, MKC {, CM TPOIIOB, {·10 y-KBaJITOB, 

KH, °C ttei1Tp.lci rp 

17 500 52 1,0013 273 2,1 0,72 1350 
(pHC. 5) 500 83 0,9976 

18 500 52 1,0014 289 2.1 0,82 1500 
(p11c. 5) 500 87 0,9983 

19 500 50,9 - 319 2, 1 0,95 1600 
(pHC. 6) 500 85,1 

20 500 50,7 - 350 2,1 1.02 1650 
(pHC, 6) 500 84,7 20 0,61 870 

37.9 0.51 540 

21 500 52 1,00165 606 2,1 2,02 3330 
(p11c. 7) 500 149 1,00324 9,6 1.68 2970 

17.1 1,33 2370 
25 0.98 1780 

32.5 0,72 1310 
40 0,54 970 

47,5 0,40 750 

500 52 1,0032 149 2,1 1,01 1665 
270 74.5 0,9993 

500 52 1.00369 94 2,1 0,50 832 
150 37.2 0,9918 

22 500 52 - 998 B KOHBepTope OKono 
(pHC. 8) 500 149 6nH)KHCH CTCHKH, 4,57· I0-2 

5640 
e cepe1rn He, 3, 16-10-2 

3220 
OKOJIO )laJlbHeH CTeHKH 2.42· I0-2 

2070 

23 500 52 1.00165 663 B KOHBCpTope: OKOnO 
4,66- 10-2 

(pHC. 8) 500 149 1.00324 6nH)KHeH CTeHKH, 5020 
s cepe111-11-1e, 3,19·10- 2 

2870 
OKOnO llaJlbHel,\ CTeHKH, 2.09·10- 2 

1830 
500 52 1.00323 154 oKono 6nm1rnel,\ CTCHKH 2,33·10-2 2510 
270 74,5 0,9993 
500 52 1,0037 96,2 To lKe I, 17· I0-2 1255 
150 37,2 0.9918 

24 500 52 1.00183 736 2,1 2.65· I0- 2 4210 
(pHC. 9) 500 144 1,0024 9,6 2,40·10- 2 3910 

17.1 2.06-10-2 3250 
25 1,69· I0-2 2540 

32.5 1,33· I0- 2 1910 
40 1,01·10- 2 1400 

47.5 0,76-10-2 1000 
500 52 1,00333 165 2,1 l,32·10-2 2105 
270 72 0.9977 
500 52 1,00377 98 2, 1 0,66-10-2 1052 
150 36 0,9883 

8 KOHBCpTOpe: 
25 500 52 - - 2,1 0,87 15800 

500 144 19 0,61 752 
39 0,23 336 

24 



Ta61rnua 9 

IlapaMeTJ)bl 11MnynbCOB HJny4eHl1JI B no.nKp11TH'•leCKHX c6opKax CHCTeM, po.ncTBeHHblX Cl1CTeMe .N!! 11 

noDbtWeHHe TeM• 

HoMep CHCTeMbl neparypbl TOnJlHDa, 
oc 

11 (nnocKM c6opKa) 500 
270 

18 (c6opKa D DH.lle <)iparMeHTa c<pepH- 500 
4eCKOro CJlOll panHy coM 100 CM) 

20 ( c6opKa D DH.lie <ppan.1eHTa c<pepH· 500 
YeCKoro CIIOll H pe<)rneKTOp pMHYCaM~1 

100 CM ua paCCTOllHHl1 40 CM) 

21 (c6opKa D DH.lie nonyccpepb1) 500 
270 
150 

24 (c6opKa D DH.Ile nonyc<pepbl c OTPa- 500 
)l(aTeneM) 270 

150 

25 (c6opKa D DH.Ile nonyc<pepbt c 500 
OTpa)l(aTeJleM "' BCTaDllblM 270 
n-, y-KOHDepTOpOM) 150 

113 ecex Al1P, paCCMOTJ)eHHblX B H8CTOllllleM no.npa3-

.nene, Ha116onee 3cpq>eKTl18Hbl Cl1CTeMbl 11O.ll. HOMep8M11 21 11 

24 - Cl1CTeMbl C no.nKplITl14eCKOH c6opKOH 113 ypaH-rpacp11-

TOBOfO MaTep11ana e 011.ne nonycqiepbl 6e3 o-rpa)l(aTen.ll 11 c 

OTJ)8)1(8TeneM COOTBeTCTBeHHO. 3Tl1 Cl1CTeMbl Ha116onee 

3q>cpeKTl18Hbl 11 cpe.n11 ecex .neyxceKU11OHHblX yc-rpoikTB, 

paCCMOTJ)eHHblX B CT8Tbe. Ilo napaMeTpaM 11Mnynbca 113· 

nylfeHl1JI OHl1 cywecTBeHHO npeBOCXO.nllT C11CTeMy .N!! 11 . 
113 Cl1CTeM .N!! 21, 24 6onee OITT11MMbHOH l!BnlleTCll 

BTopall. 3TO 3aKn10lfeH11e no.nTBep)l(.ll.8eTCll o6beKTl1BHblM 11 

qianopaM11. Ha pHC. 10 np11ee.neHbl 38BHCl1MOCTl1 WHpH.H 

11MnynbCa e Cl1CTeMax .N!! 11 , 21 , 24 OT ypoBHll qimoeHca 

HeHTJ)OHOB B nonOCTl1 COOTBeTCTBYIOLUeH ITO.ll.KPHTl14eCKOH 

c6opK11. KaK 811.ll.HO 113 p11cyHK8, KpHBal! 3TOH 3aBl1C11MOCTH 

.ll.nll Cl1CTeMbl .N!! 24 npOXO.ll.11T Hl1)1(e KpHBOH .ll.nll Cl1CTeMbl 

.N!! 21, a o6e nocne.ntt11e npOXO.nllT 3H8lfHTenbHO HH)l(e Kp11-

BOH .ll.nll Cl1CTeMbl .N!! 11 . TaK11e )Ke 38KOHOMepHOCTl1 H8· 

6mo.naJOTCll B 38811Cl1MOCTl1 W11pHHbl HMnynbca OT .!lO3bl 

y-KB8HTOB. YKa3aHH8ll TOnonOfHll KpHBblX O3H848eT, 4TO 

np11 nl060M cpHKC11pOB8HHOM ypoeHe q>JJIOeHCa HeHTJ)OHOB 

11nH ,nO3bl Y·KB8HTOB CHCTeMa N!! 24 06ecne<11-1eaeT Ha1160-

nee KOpOTKHe 11MnynbCbl H3nylfeHl1ll . TaK, Hanp11Mep, B 

CHCTeMax N!! 11 , 21 , 24 H~rnynhCbl c ypoeHeM cpmoeHca 
15 2 

HeHTJ)OHOB B nonocrn 2· l O Heii-rp./cM ~1Me10T WHpHHbl 

3000, 600, 330 MKC COOTBeTCTBeHHO, c ypOBHeM 

1·1015 
Heil-rp./cM

2 
- 550, 148, 122 MKC 11 c ypoeHeM 

0,5· ( 0 15 
HeH-rp./cM

2 
- 179 94, 90 MKC. 

<I>moeHC HeirrpOHOB 11 1103a Y·KBat!TOD Ha 

WHpH11a HMnynb- pacCTOllHHH 2, 1 CM OT noeepXHOCTH c6opKH 

ca. MKC <pmOe!iC HdiTPOHOD, 

I· J0
15

tteATP.ICM 
2 .ll03a Y·KBaHTOD, rp 

257 0.64 1180 
116 0,32 590 

289 0,82 1500 

350 1,02 1650 

606 2.02 3330 
149 1,01 1665 
94 0,50 832 

736 2,65 4210 
165 1,32 2105 
98 0,66 1052 

. 0,87 15800 

. 0,44 7900 

. 0,22 3950 

qimoeHca HeHTpOHOB 11 .no3bl y-KB8HTOB C paCCTOllHHeM OT 

noeepXHOCTH ITO.!1.Kpl1TH'!eCKOH c6opKH. 

8, MKC 

1·10
4 

1 · 10
3 

1· 102 

0 2 3 

<I>, 1 · 10
15 

tteATP.lcM
2 

PHC. I 0. CDll3b O - WHpHHbl HMITYJlbCa Ha nonoDHHe DblCOTbl C 

y pODHeM <l> - qlJllOCHCa HCHTpOHOB 3a HMnyJlbC D nOJlOCTH no.n­

KpHTH'ICCKl1X c6opoK CHCTeM 11. 21 , 24: 1, 2, 3 - CHCTCMbl 11 , 21 , 
24 COOTDeTCTDeHHO 

3AKJIIOl.fEHHE 

)],pyrnMH 88)1(Hb1M11 npe11MywecTB8Ml1 CHCTeMbl N!! 24 3a.na4eH BblnOnHeHHOfO 3,necb pac4eTHoro aHamna 

B cpaeHeHl111 C CHCTeMOtt N!! 21 llBnlllOTCll B 1,6 p83a MeHb· llBnllnCll ITOl1CK eap118HTOB AHP, Y.ll.OBJleTBOplllOLUHX -rpe-

W8ll 3arpy 3Ka TOITnl188 H 3Ha411TenbHO 6onee nonor11H cna.n 6oeaHHllM K peah.'TOPY C KOpOTKl1M HMnyJJbCOM n-, Y·l13JIY· 

25 



'leHlrn H K MOLUHOMY HMnyJibCHOMY peaKTopy C 60JiblllOH 

nOJIOCTblO. no MHeHHIO aBTOpOB CTaTbH, s WHpOKOM Ha6o­

pe ycTPOHCTB, paccMoTpeHHblX B npe.D,bl.!lYLUHX paJ.neJiax, 

co11ep»<aTCH 11 TaK11e Al1P, KOTOpble B nepBOM npH6JimKe­

Hl1H Y.!lOBJieTBOp.SUOT YKaJaHHblM TPe6osaH11HM. 

8 Ka4eCTBe sap11aHTa peaKTopa C KOpOTKHM 11MnyJib­

COM , BHe COMHeH11H, CJie11yeT peKOMeH.UOBaTb CIICTeMy N2 I, 
T. e . AMP c Henry1rnH-raJIJ111esoi1 A3 6e3 OTPa)l{aTeJIH Hei:!­

TpOHOB, C ocesol! nonoCTblO .UHaMeTpOM 30 CM. B 3TOM 

A11P, HeCMOTPH Ha 6onbWOH 06beM nonocrn, MO)KHO re­

Hep11posaTb IIMnyJibCbl C cpJI!OeHCOM 6bICTPblX HeHTJ)OHOB 

~ l ,3 · J0
15

1-1ei1TP.ICM
2 

11 w11p11HOH Ha nOJIOBl1He BblCOTbl 

~ 50 MKC, He.UOCTl1)Kl1MOH B peaKTopax C ypaH-MOJlt16.ne­

HOBOH A3. K Ba)l{HblM .D,OCTOl1HCTBaM peaKTOpa c Henry­

Hl1H-raJIJll1eBOH A3 cne.D,yeT OTHeCTl1 TaK)Ke OTCYTCTBHe B 

HeM He06XO.D,HMOCTl1 3KpaH11poBaH11J1 nonocnt HeHTPOHO­

nornowalOLUHMII MaTep11anaM11. 3TO npe11MyLUeCTBO peaK­

Topa CBH3aHO C noporoBOCTblO HenryHHH 11 np111-1u11n11anb­

HblM 11CKJ110'!e1-111eM cpaKTopa neperpesos TOru111sa B 

CMe)l{HblX C nOJIOCTblO o6nacrnx np11 3anonHeHHl1 noJIOCTl1 

3aMe.D,JIHIOLU11M11 HeHTPOHhl BeLUeCTBaMH. nocJiellHHH oco-

6eHHOCTb peaKTopa C HenryHt1H-raJIJil1eBOH A3, B CBOIO 

04epe.nb, yMeHbWaeT B03M0)KH0CTb npOHBJleHt1JI B HeM 

onacHoro 3cpcpeKTa asT0KaTan113a. 

TTpe11MyLUecrnaM11 Al1P c HenryH11H-ranJI11esol! A3 
HBJIHIOTCH TaK)l{e nOHl1)1{eHHblH B HeM BCJle.D,CTBHe HeBblCO-

KOro 3Ha4eHl1JI ~:><I> yposeHb TaK Ha3blBaeMoro XBOCTa l1M­

nynbca 11 Ma.naH l.fYBCTBl1TeJlbHOCTb K B03.D,eHCTBmO Ha Hero 

OKpy')l(alOLUHX npe.nMeTOB 11 CTeH noMeLUeHl1H. 

B Ka4ecrne npe.usap1neJ1bHOro sap11aHTa MOLUHOro 

11MnyJibCHOro peaKTopa C 60JtbWOH nOJIOCTblO cne.nyeT 

peKOMeH.UOBaTb CHCTeMy N2 24, .!IBJIHIOlllYJOCH .usyxceKU11-

0HHblM 11MOYJlbCHblM peaKTOpOM KaCKa.UHOro T11na. 3Ta 

Cl1CTeMa COCTaBJieHa o.u111-1apHblM Henry1-1_11fi-ranJ111eBblM 

AMP 6e3 OTPa)l{aTenH HefiTpOHOB ( c11cTeMa N2 I) H no.D.­

Kp11Tlf4ecKOH c6opKOH 113 ypaH-rpacpHTOBOro MaTep1-1ana C 

OTPa)l<aTeJteM 113 )l{eneJa. K0Hcp11rypau11H no.nKpnnr4ecKofi 

c60pK11 - nonyccpepa C 60JibWOH OOJIOCTblO, 11Me10LUefi B11.D, 

nonyccpepH4eCKOi,1 HHWH .D,11aMeTPOM 50 CM. 

B 11Mnynbcax no.nKp11Tl14eCKOH c6opK11 3TOH CHCTeMbl, 

reHep11pyeMblX C OOBblWeH1-1eM TeMneparypbl c6opK11 3a 

11MOYJtbC 500 °C (B MecTe MaKc11ManbHOrO pa3orpesa TOO­

Jll1Ba), cpn!OeHC Hei,1TpOHOB 11 .D,03a y-KBaHTOB B OOJIOCTl1 

COCTaBJIHIOT 2,65·10
15

Hei,1TP./cM
2 

11 42)0 rp COOTBeTCT· 

BeHHO np11 .D,Jl11TeJlbHOCTH 11MOYJibCa ~ 740 MKC. np11 .usy­

KpaTHOM OOHH)l{eHJ-111 ypOBHJI cpnlOeHCa Hei,1TpOHOB H .U03bl 

y-KBaHTOB (pa3orpes TOOJIHBa .D,O 270 °C) .nn11TeJ1bHOCTb 

11Mnynbca pasHa 165 MKC, np11 .nanbHeHWeM .D.ByKpaT-
15 

HOM OOHl1)1{eHlrn ypoBHJI cpn!OeHca 11 .D,03bl (.no 0,66· l 0 

HeHTp./cM
2 

11 I 050 rp, pa3orpes TOOJIHBa 150 °C) - 98 MKC. 

C nOMOLUblO np11MeHeHl1H n-, y-KOHBepTopa, np11.MblKalO­

LUero K CTeHKaM TIOJIOCTH, .D,03Y y-KBaHTOB 3a 11MOYJtbC B 
4 

OOJIOCTl1 MO')l(HO 00.D,HHTb .UO 2·) 0 rp, a 11HTeHCl1BHOCTb 
8 

.U03bl .no 0,7· IO rp/ c (11HTeHCl1BHOCTb .D,03bl MaKCl1ManbHa 

B pe)l{HMe C .nn1rreJ1bHOCTblO 11MnyJibCa 160 MKC). TTpH pa-

30rpese TOOJI11Ba .D.O 900 °C (pe)l{l1M peaKTopa oHTP) 
cpn!OeHc 1-1ei,1TPOHOB 11 .D,oJa y-KBaHTOB B OOJIOCTl1 paBHbl 
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~ 5·] 0 IS HeHTP.ICM
2 

11 0,8· l 0
4 

rp ( C n-, y-KOHBepTOpOM 

~ 4·10
4 

rp}. 

TTpoc-rpa1-1cTBeHHb1e pacnpe.nenemrn cpn!OeHca Hefi­

TJ)OHOB 11 .D,03bl y-KBaHTOB B o6beMe OOJIOCTl1 CHCTeMbl 

N2 24 11 .ua)l{e 3a npe.nenaM11 nonocT11 .uosonbHO nonorne. 

np11 Heo6X01111MOCTl1 paBHOMepHOCTb 3Tl1X pacnpe.D.eJteHMH 

MO)l{eT 6b1Tb yny4weHa nyTeM np11MeHeHHJI pecpJieKTOpa. 

npe.D.nonaraeTCH, 4TO ynpasJieH11e yKa3aHHOH .usyx­

ceKUHOHHoi,1 CHCTeMOH MO)l{eT 6b1Tb ocywecTBneHO no­

cpe.D,CTBOM se11yLUero Al1P. TTO.D.Kp11Tl14eCKaH c6opKa MO­

')l(eT He HMeTb co6cTBeHHblX opraHOB perymtposaHHH peaK­

Tl1BHOCTl1, 3a HCKJII04eHHeM, CKa)l{eM, nepeMeLUeH11JI O.UHOi,1 

OOJIOBl1Hbl 11JIH 4aCTl1 c6opK11 OTHOCHTeJibHO HeOO.UB11)KHOH 

.upyrofi. 

8b1we CKaJaHO, 4TO Cl1CTeMy N!?. 24 cne.uyeT peKoMeH­

.UOBaTb B Ka4eCTBe n p e .!I, B a p 11 T e JI b H O r O o6beKTa 

npoeKn1posaHl1JI MOLUHOro HMOYJtbCHOro peaKTOpa C 

60JlbWOH nOJIOCTblO. TTpe.D,sap11TeJibHOCTb BblnOJIHeHHOH B 

HaCTOHLUeM OT4eTe pa3pa60TKl1 YKaJaHHOro 06beKTa o6y­

CJIOBJieHa 11e110CTaT04 HOH KOHCTPYKTl1BHOCTblO ccpep114e­

CKOtt reoMeTPl111 OO.UKp11Tl14eCKOH c6opKH. ,lvlH TaKOH 

KOHqll1rypau11u c6opK11 TPY.llHO 00.llblCKaTI, aneKBaTHbJi,1 

cnoco6 pa36HeHHH ee A3 Ha 3JleMeHTbl 11 KpenJieHHJI 3THX 

3JleMeHTOB. 

Y KaJaHHOe 3aTPynHeH11e B 3Ha411TeJibHOH CTenem1 

CHHMaeTCH B cny4ae nepexo.na K Ul1Jl11Hllp114eCKOH reoMeT­

p1111 no.nKp1n11,1ecKoH c6opK11. flo JTOH np11411He Ha116onee 

peanHCTl14HblH sap11aHT MOLUHOro HMnyJibCHOro peal\'TOpa 

.D,OJl)KeH HMeTb UHJll1H.llpH4eCryJO cpopMy. 3Ta ycTaHOBKa 

BO BCeM no.no6Ha Cl1CTeMe N!?. 24 3a 11CKJII04eHHeM KOH<l>H­

rypau1-111 no,nKp11Tl14eCKOtt c6opK11, KOTopaH npHHHMaeT 

cpopMy noJioro nonyu11J111H.npa c o-rpa')l(aTeneM. CxeMa yKa-

3a1-11-1oi1 Cl1CTeMbl B ropH30HTanbHOM ce4eHl-m YKaJaHa Ha 

p11c. 11. 

P11c. 11. B11.ll JlByxceKUHOHHOH c11creM1,1 c nonyu11n11HJ1p114ecKOH 
no.uKp11T11•1eCKOii c6opKOH B rop1130HTaJlbHOM ce4eHl111: I - Hen­
T)'Hl1H-rann11earui A3 ee11y1Uell ceKu1111; 2 - CTeHKa 113 Mo; 
3 - oTpIDKa-renh no.uKp11rn4eCKOi-l c6opK11 113 Fe; 4 - nonyu11n111-1-

.up114eCKIDI ypa1-1-rpa<jl11TOBIDI A3 Be,!lOMOH ceKu1111: 5 - nOJlOCTb 
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YAK 621.039.55 

31iP-JI-3KCIIEPHMEHTAJl1,HMI YCTAHOBKA ,L(.IDI HCCJIE)J:OBAHlUI 
JIA3EPOB C .Sl)J:EPHOH HAKA q}{QH 

B. A. Kpb1:lKauoec1rnu, 3. II. Mar.ua, A. B. Jio'IKOB 

P<l>51l..l-BHJ1HT<l>, 456770, r. CHe)KHHCK Yem16HHCKOH 06J1., a/SI 245 

,llaHo on11caH11e cneuuam1J11poaa1111on :>Kcnep11MCIIT3./lbHOll yCTaHOBKII, coJ.na1mort 11a 6a:ie 11MnyJ1bCHoro 11ccne.noaan:J1bcKoro peaK"ropa, no3ao­
J1ll10ll.len npOBO,D.IITb IICCJ1e.noaaH1tll no <1>1n11Ke 11.nepHO-B036yit(.ll3eMOH nJlaJMbl napOMCTailJllf'leCKHX II raJOBblX cpe.n np11 :>11eproaKJ1a.nax B aKTIIBHYIO 

cpe.ny .no 4 KBT/cti. 

EBR-L EXPERIMENTAL FACILITY AIMED AT STUDYI G UCLEAR PUMPED LASERS/V. A. KRYZIIANOVSKI, E. P. MAG­
DA, A. V. BOCHKOV II The paper describes a specialized experimental facility based on research pulse reactor that makes it possible to check re­

searches in nuclear-initiated plasma physics of vapor-metal and gas media at energy contributions to the core up to 4kW/cn/ 

npo611eMaM11 qHl311Kl1 }l_nepHO-B036)')K.naeMOH nJJa3Mbl 
11 11a3epoe c }l_nepHOH HaKatJKOH BHJ.111T<I> 3aH11MaeTC}I 

c 1979 ro.na. Anll 3THX ueneil 6b111a coJ.naHa 3Kcnep11MeH­
TaJJbHaS1 ycTaHOBKa 36P-J1, 11 B 1981 ro.ny Ha Heil 6bJJHI 

npoee.neHbl nepsbte onbJTbt no 11cc11e.noeaHHJO 11aJepHo­
aKT11BHbJX cpe.n. K HaCTOllW.eMy speMeHH Ha .naHHOH ycTa­
HOBKe f,!CCJJe.noeaHO I I Jla3epHO-aKTHBHblX cpe.n 11 nOJJ)"-le­

Ha reHepaUt,tll Ha 23 nepexo.nax. B tJaCTHocrn, snepsb1e 

nonytJeHa reHepaUt,tll Ha nepexo.nax aTOMOB Ka.UMt,tll, pryn,, 
f,!OHe a30Ta npt,t B036y)l(.neHf,!11 JJa3epHOH cpe.nbt OCKOJIKaMf,! 

.neneHt,tll ypaHa. 
3Kcnept,tMeHTaJJbHall ycTaHOBKa 36P-J1 .nn.11 f,!CCJJe.no­

BaHt,tH Jla3epa C .11.nepHOH HaKatJKOH COCTOf,!T f,13 cne.nyJOlllHX 

<pyHKUt,tOHaJJbHblX YCTJ)OHCTB: 
- 11cc11e.noeaTeJ1bCKOfO t,tMnyJJbCHOfO .11.nepHOfO peaK-

TOpa 36P-J1; 

- Jla3epHOH. KJOBeTbt; 
- BaKYYMHO- raJosoro ycTJ)OHCTBa; 
- YCTJ)OHCTBa BbJBO.na f,! pernCTJ)aUf,!f,! CBeTOBOro 113-

JJY'leHt,t}I. 

HCCJIE)lOBATEJibCKHH HMnY JlbCHblH 
~)lEPHblH PEAKTOP 36P-JI 

Ha116011ee MOW.HblMH 11a6opaTOpHblMl1 HCTOlJHHKaMt,t 
B036y)l(.neHf,!ll npH mytJeH1rn npo6JteM <pt,tJf,!Kf,! ll.UepHO­

BOJ6y)l(.naeMOH nJJa3Mbl "' JtaJepoe c .11.nepHOH HaKatJKOH 
SIBJl}IJOTC}I f,!M nynbCHbJe ll.UepHbJe peaKTOpbl, noJBOJllllOUJ.f,!e 

noJtytJaTb 0.Uf,!HO'IHbte t,tMnyJtbCbl .ne11eHf,!ll ypaHa. 8 Ha­
CTO}IUJ.ee epeM}I .nJJj! 3THX ueneH 11CnOJtb3YIOTC}I, B OCHOB­

HOM 3nH30.UH'teCK11, 113BeCTJ-fble cneuHaJtl1CTaM }l_nepHbte 

peaKTOpb1 SPR-111, TRIGA, ACPK, TREEN, BnP-2, 
611fP, 11fP H .npyrne. OcHOBHble xapaKTep11crnKt,t H on11-

caHHe 3THX peaKTopoe npt,tse.neHbt s JtHTeparype. 
Bo BHHHT<I> cneu11aJtbHO .nJJll t,tJytJeHJ,tll yKaJaHHblX 

npo6JteM B 1979 ro.ny 6bJJI MO.nepHH3HpoeaH 3KCnept,tMeH-

28 

TaJJbHblH 6btCTJ)blH peaKTop 36P. CxeMa aKTHBHOH JOHbl 
peaKTopa nOKa3aHa Ha pt,tC. I. AKTt,tBHa}I JOHa COCTOHT 113 

.neyx no11yc4>epw-1ecK11X c6opoK .ne11.11w.eroc}I MaTepwana 
235 

( U 90 % + Mo 3 %), OKpy)l(eHHblX Me.UHblM OTJ)ax<aTe-

JteM. Hlf)l(Hllll nonyc<pept,ttJeCKall c6opKa c tJaCTblO OTJ)ax<a­
TeJl}I (66) (,I pa3Mew.eHHblMl1 3.UeCb )l(e CTOn-6JJOKOM (C6) (,I 

t,tMnyJtbCHblM CTep)l(HeM (HC) - no.nsmt<Ha.ff . TTplffiO.U 66 -

MexaHt,ttJecKHH, npt,tso.n CE "' HC - nHeeMaT11tJecK11il. Me­
)l(_ny c6opKaMt,t f,!MeeTC}I ropt,t30HTallbHblH UHJlf,!H.Upt,t'leCKf,!H 

KaHaJJ _nt,taMeTJ)OM 125 MM, B KOTOpOM pacnonaraeTC}I 3a­

Me.nJJt,tTeJlb .UHHOH 600 MM C ropH30HTaJtbHblM oceBblM Ka­

HaJIOM .n11aMeTJ)OM 60 MM. OcHOBHbJe xapaKTept,tCTHKf,! pe­

aKTopa npwse.neHbt s Ta611. I. 

3 

PHC. I . CxeMa aKTHBHOH 30Hbt: ( - MCX3HH3M TOHKOH pery1111pos­
KH peat(THBIIOCTH: 2 - sepXHHH 0Tpll)K3TCJ1b: 3 - nonyc<jlepH­

'lCCKaJI c6opKa HJ 
235U; 4 - cpe.1111HH OTpIDKaTCJJl..; 5 - 3aMC.11J1H-

Ten1,; 6 - IIH,KHH/1 OTJ)ll)KaTenb: 7 - 66; 8 - HC: 9 - C6 



a 

Ta61111ua I 

napaMe-rpb1 pea!C'ropa 3EP-J1 A!lll HOMl1HaJJbHOro 

HMnyJJbCa 

n apaMCTJ) 

no1rnoe 311eproebU1ene1me, n cn. 

4HCJ10 llCJlellHH B 6blCTpOH 'taCTH 

HMny JJbCa, % 

nony wHpHHa HMnyJJbC3, MKC 

nnoTIIOCTb noTOKa HeHTPOHOB 

n UCHTPaJJbHOH '!aCTH KaHaJJa 

B MaKCHMy Me HMnyJJ bCa. 
2 

11ei1TP.I( cM ·c ) 

Ee3 JaMen-

JJHTem, 

1.25· 10
17 

65 

60 

3·10
18 

C 3~1ennHTe-

JJeM ( nOJlH) TH-

11e11) 

l.2·10
17 

65 

170 

I 8·10
17 

' 

8 oceBOM KaHane JaMC.ll.!IHTeJlll HJ nOJJH3THJICHa Ha 

.ll.!JHHe - 48 CM npH HOMl1HaJJbHOM HMnyJJbCe pea!C'ropa 

peanHJyeTCll HCHTpOHHOe none co cpe.nHeH nJJOTHOCTblO 

noTOKa TenJJOBblX HeHTpOHOB 1,3 · 10
17 

HeHTp./(cM
2

·c). 

JIA3EPHMI KIOBET A 

KOHCTpYKUHll HarpeaaeMOH JlaJepHOH KIOBeTbl noKa­

JaHa Ha pHc. 2 . LJ.eHTpaJJbHal! lfaCTb KIOBeTbl - Tpy6a HJ He­

p>Kaae!OLUCH CTaJJH ,!lHaMeTpOM 40,3 MM, A!IHHOH - 850 MM, 

Ha KOHUaX KOTOpOH npHeapeHbl coe.nHHHTeJJbHble cjmaH­

Ubl. Cttapy>KH Tpy6bl paJMeLUeH TpexceKUHOHHblH Harpeea­

TeJJb, nOJBOJUIIOLUHH pa60TaTb C JlaJepHblMH cpe,naMH, pa-

30rpeTblMH .no 600 °C. BHeWHl1H ,!lHaMeTp KIOBeTbl C Harpe­

eaTeJJeM 11 COOTBCTCTBYIOLUHM 3JICKTpOTenJJOHJOJlllTOpOM 

~ 58 MM. A.nJ! KOHTpOJlll TeMneparypbl pa3orpeaa KIOBeTbl 

Me>K,ny Tpy6oH 11 HarpeeaTeJJeM pacnOJIO>KCHbl TpH TepMO­

napbl, Ka>K,!lal! no.n onpe.neneHHOH CCKUHeH HarpeeaTCJlll . 

C o6ewx CTOpOH K UCHTpaJJbHOH lfaCTH KIOBeTbl np11-

coe.n11Hl!IOTCll OXJla>K.naeMble 80)1.0H YA!lliHHTeJIH (A!IHHa 

I 00- 200 MM), HMCIOLUHC wryuepbt .ll.!lll OTKalfKH BaKYYMa 11 

Ha□OJJHeHl1l! KIOBCTbl raJOBOH cpe.noil . K YA!IHHlfTCJlllM 

npHCOC)I.HHlllOTCll IOCTHpOBOlfHble ycTpOHCTea. O6LUall A!IH­

Ha KIOBCTbl 1200-1400 MM. 

I 2 4 5 3 

PHC. 2. CxeMa HarpeeaeMOH Jla3epHOH KIOBeTbl: I - IOCTHpOBO'I­

HOe y crpoiicreo; 2 - YllJ1 HIIHTeJ1b: 3 - uellTPaJJbHIDI '!aCTb; 4 -
)JleKTpOHarpeeaTCJlb : 5 - CJIOi-1 y paHa 

BHyTpH KIOBeTbJ paJMeLUalOTCll aJJIOMHHHCBble Tpy6K11 

C BHyTpeHHHM .n11aMeTpOM 28 MM. Ha BHyTpeHHIOIO no-
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eepxHOCTb Tpy6oK HaHeceH CJIOH OKl1CH-JaKHCl1 ypaHa-235 
2 

TOJlll.l,11HOH 2 - 3 Mrl cM . O6LUM A!111Ha CJIOll 600 MM, a!C'rHB-

HblH 06beM COCTaBJl,lfeT 300 cM
3

. K!OaeTa e co6paHHOM 

BH,!le ycTaHOBJleHa B ropHJOHTaJJbHOM KaHane peaKTOpa C 

KOJlbUeBblM JaJOpOM 6onee I MM Me)K,ny HarpeeaTeJJeM 11 

JaMe.ll.!l11Te11eM. KonbueaoH JaJop, lfepe3 KOTOpbIH npo­

.nyaaeTCll 803.!lYX, CJIY>KHT A!lll 3aLU11Tbl JaMe.ll.!ll-lTCJlll OT 

Harpeea. np11 TOJILUHHe CJIOll OKHCH-3aKHCH ypaHa-235 
- 3 2 

- 3· 10 r / CM 11 HOMHHaJJbHOM HMnyJJbCe pea!C'ropa MaK-
3 

Cl1MaJJbHblH 3HeproBKJJa,n B raJ COCTaBJlllCT - 0 ,4 ,U>KlcM ' 

MOLUHOCTb HaKalfKH - 2 · I o3 
BTl cM

3 
.ll.!lll KIOBeTbl C re1111eM 

np11 ,naa11eH1111 nocne.nttero 5 aTM. 3Heproeb1,ne11eH11e e 

cnoe ypatta - I 0
3 

,U>K. KpoMe yKaJaHHOH HarpeeaeMoil KIO· 

BCTbl Ha ycTaHOBKe 11MCIOTCll ell.le .nea nma HeHarpeaaeMOH 

KIOBCTbl. CpaBHHTCJlbHblC xapa!C'repHCTl1KH KIOBCT npHBe­

,!lCHbl B Ta6JJ. 2 . 

Ta61111ua 2 

Xapa!C'rep11CTl1KH JlaJepHblX KIOBeT 

XapaKTepHCTHKa 
}].11aMCTJ) CJlOll KIOBeTbl, MM 

12 28 48 

AKTHBHblH o6'beM, CM 
3 50 290 500 

Tomum1a CJ!Oll, Mr/ CM 
2 2- 3 2- 3 2- 3 

MaKCHMaJlbHbli-1 )HeprOBKJlall 
0,9 0,4 0,2 

B raJ, }].)K/CM 
3 

MaKCHMaJlbHIDI MOIJ.lHOCTb 
4·10

3 
2·10

3 
1· 10

3 

Ha-Ka'!KH, BT/CM 
3 

BAKYYMHO-r A30BOE YCTPOHCTBO 

YcTpOHCTBO npe,nHaJHalfeHO .ll.!lll npi,troTOBJICHHll ra-
30BOH CMCCH, Ha□OJIHCHHll, Olfl1CTKH raJa 11 nonylfCHl1ll Bbl­

COKOro eaKyyMa B ycTaHOBKe. 

BaKYYMHbIH nocT cocroHT HJ .neyx <j>opaaKYYMHbIX 11 

OllHOro napoMaCJlllHOro HaCOCOB 11 □0380JllleT nonylfaTb 
-6 -6 

eaKYYM 1·10 MM pT. CT. (e KIOBeTe 5 · 10 MM pT. CT.). 

8 CHCTeMe npellYCMOTpeHa B03M0)KH0CTb Olfl1CTKl1 HHepT­

Horo raJa OT MOJJeKYJJJlpHblX npHMeceli. Jl11HHJI OlfHCTKH 

COCTOHT H3 nepeKalf HBaIOmero Hacoca, Ha6opa <pHllbTpOB 

11 ,naTlfl1Ka CTeneHH Olfl1CTKl1. CreneHb OlfHCTKH raJa KOH­

TpOJ111pyeTCll no co.nep)KaHl1IO B HeH aJOTa. 

YCTPOMCTBO BhIBO.ll.A H PEfl1CTPAU;JH1 
CBETOBOro H3JIY4EHM~ 

Ha p11c. 3 npe11c1ae11etta cxeMa ycTpOHCTBa Bb100.na 

H perncTpaUH11 ceeroeoro 113JlylfeHHll. YcTpOHCTBO npe11y­

CMarp11aaeT BOJMO)KHOCTb npoee,neHl1ll H3MepeHl1H no ,ny ­

lfCHHIO cneKTpaJJbHOro cocraea JlaJCpHO-a!C'rHBHOH cpellbl 

11 napaMeTpOB ee reHepau1111. IOcrnpoeKa onTHlfeCKoro 

TpaKTa cxeMbl perncTpaU11H ocyLUeCTBJlllCTCll IOCTHpOBOlf­

HblM H reJJHH-HCOHOBblMH JlaJepaMl1. 
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P11c. 3. Ycrpoikreo BblBO!la 11 per11crpau1111 CBCTOBOro 113ny'le­
Hl1J1 : I - 115IP 36P-Jl; 2 - naJepHa'I KIOBeTa; 3 - IOCf11pOBO'lHblH 
naJep: 4 - Kanop11Mcrp; 5 - cneKTJ)orpa<j> 11 11HTep<j>epoMcrp: 6 -
CfOHKa C ~lOTOnp11eMlll1KaMl1 11 MOHOXpoMaTOp; 7 - per11crp11-
PYIOlllaJI annapa-rypa; 8 - nep11cKon; 9 - 611onor11•1ecKa,i JautITTa 

Ami perncrpaUHH "epeMeHHoro" npo<jrnm1 HMnyJJbCOB 

reHepau1111 H J110MHHecueHU11H ceeTOeoe H3JJ)"feHHe c no­

MOIUblO noeopOTHblX 3epKa.Il BblB0.11.HTCll 3a 6HOJ10rH4eC-

K)'IO JalUHT)' Ha cpoTOnpHeMHHKH H pentCTJ)HpyeTCll 3a­

noMHHalOIUHMH OCUHJJJJOrpaq>aMH H A~n (B CTaH.napTe 

KAMAK). Tim cpoTonp11eMHHKa JaBHCHT OT cneKT­

panbHoro COCTaBa 113JlY'leHHJI. 

Anll 113MepeHHll napaMeTJ)OB OT.D.eJJbHblX JlHHHH B 

cneKTJ)e 1-1cnoJ1b3YfOTCll MOHoxpoMaTOpb1 MAP-2, ,L(MP-4, 
nepeKpb1Bal01Ulfe 0611aCTb perncrpaUHH OT 200 .no 3000 HM. 

Anll 1ny'leHHll cneKTJ)a.IlbHOfO COCTaea HCnOJJb3YIOTCll 

cneKTJ)orpacpbl (vlCTT H A<l>C ) 11 HHTepq>epoMeTJ)bl. CneK­

TJ)a.JlbHblH .D.HanaJOH l13MepeHl1H OT 200 .no 850 HM. 3Hep­

fHll JlaJepHoro l13Jl)'1feHHll H3Mepl!eTCll KaJJOpHMe-rpaMH 

11M0-2H, ycrnHOBJJeHHblM11 e6JJH3H mnepHOH KIOBeTbl. 

Bo BHY!Y!T<l> coJ.naHa H ycneurno 3KcnnyaTHpyeTcR 

cneUHa.Jll13HpOBaHHal! 3KCnep11MeHTa.JlbHaR ycTaHOBKa Ha 

6aJe HMnyJJbCHOro HCCJJe.noeaTeJlbCKOro peaKTopa, n03BO­

Jll!IOLUal! npOBO.llHTb HCCJJe.noeaHHR !pH311KH ll.llepH0-803-

6)')1(.naeMOH nJJaJMhl napoMeTaJJJlH'leCKHX H raJOBblX cpe.n 
3 

npH 3HeproeKJJa.nax .no 4 KBTICM e aKTHBHYIO cpe.ny. 

CneuHaJJH3aUHJI ycTaHOBKH, ee npoCTOTa H CO'!eTilHHe 

c ycTaHOBJJeHHOH H3MepHTeJJbHOH annaparypof;I 06ecne'l11-

Ba10T Heo6XO.D.HMhle ycJJOBHll e pa6oTe 1-1 WHpOT)' HCCJJe.no­

BaHHH. 

CTaThll nocrynHJJa e pe.naKUHlO 26.02.2003 r. 
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HCIIOJih30BAHHE BTOPlflIH1>IX HEHTPOHIIl>IX KOHCTAHT IIPH PAC1IETAX 
XAP AKTEPHCTHK KPHTR'IECKHX CEOPOK EE3 OTPAJKATE.Jlll HJIH 

C OTP AJKA TEJIEM H3 Be 

B. II. ropeJJOB, A.H. rpe6euumcoe, B. H. HJJhHH, r. r. <l>apacJ>onTOB 

P<l>.511.J,-BH11113<l>, 607190, r. Capos H1,rnceropo.n.cKoi1 o6n. 

nposeaetto cpaBHCHlle pe3ynbTaTOB paC'leTOB xapaKTCpllcntK c<jJepll'ICCKIIX Kplffi!'leCKUX c6opoK HJ MCTalU111'!eCKIIX BblCOK006orarne11HblX 
.11.enlllUIIXCll MaTCpuanoB 6e3 OTpIDKaTCnll nnH C OTpIDKaTCneM 113 Be TOnlUIIHOll 1,36 CM H 20 CM no nepBH'IHblM 11 BTOpll'IHblM 11ellTpOHllblM KOIICTal!TaM. 

SE OF SECO DARY EUTRO CON TANTS AT CALC LATIO S OF THE CRITICAL AS EMBLIES CHARACTER! TICS 
WITHOUT THE REFLECTOR OR WITH TIIE REFLECTOR FROI\I Be/ V. P. GORELOV, A. N. GREBE IKOV, V. I. IWI , 
G. G. FARAFONTOV // The comparison of results of calculations of the spherical critical assemblies characteristics from metal of fission high­
enriched materials without the reflector or with the reflector from Be by a thickness 1,36 cm and 20 cm on primary and secondary neutron constants is 
conducted. 

BBE,ll.EHl1E 

,n:.n.11 nposepKH HCHTp0HHblX naHHblX HX npMMCH.IIIOT 

npH on11caHJ1H H3MepeHHH xapaKTepHCTHK na6opaTOpHblX 

YCTaH0B0K, HanpHMep KpHTH'lCCKHX c6opoK. np11 3T0M 

HepenK0 HeHTp0HHble ,11.aHHble 3aMeH.IIIOT aH.aJJ0fOM - rpyn­

n0BblMH K0HCTaHTaMH, MaJJ0- 11J1H MH0rorpynn0BblMH. 

Pac'leT rpynn0BblX K0HCTaHT Tpe6yeT 3HaHIUI seC0BOH 

q>yHKUHJ1, 3HepreTH'leCK0H JaBHCHM0CTM noT0Ka HeHTp0-

H0B. 8 K0HKpeTHOH Cl1CTeMe 3TH 3aBHCHM0CTH B pa3J1H'l­

HblX ee 06J1aCT.IIX 3apaHee HeH3BeCTHbJ. TT03TOMY B Ka'leCT­

se BeCOB0H <PYHKUHH HCn0JlbJYIOT anpH0pHYJO 3aBHCH­

M0CTb, HanpHMep cnenyiouzyio HJ o6wl.fX q>H3H'leCKHX 

coo6pa)KeHHH. 6yneM Ha3blBaTb TaKHe K0HCTaHTbl nepsl.f'l­

HblMH. TTpHMepOM nepBH'lHblX K0HCTilHT llBJl.llJOTC.11 26-

rpynn0Bble K0HCTaHTbl 6HA6-64 [I]. OHl1 YHHBepCaJJbHbl 

H npe,11.HaJHa'leHbl LlJlll oueHKl1 xapaKTepHCTMK peaKT0p0B 

Ha 6blCTpblX HeHTp0Hax. 

l1cn0J1b30BaH11e nepBH'lHblX KOHCTaHT npM pac'leTax 

HHTerpaJJbHblX xapaKTepHCTHK KaKOH-J1H60 K0HKpeTH0H 

CMCTeMbl conpoB0)l(LlaeTCll cneny10m11MH norpewHOCT.IIMH: 

norpewH0CTblO 113-38 OWH60K B 3HaHHH HeHTp0HHblX naH­

HbtX; norpewH0CTbJO 11cnoJ1bJyeMoro rpynnosoro np11-

6J1),l)l(eHHll ; norpewH0CTblO, 06ycnosJ1eHH0H npMMeHeH11eM 

npH nonroT0BKe nepBH'lHblX K0HCTaHT anpM0pH0H secosoi,i 

<PYHKUHJ1. TTOH.IITHO, 'lTO p0Jlb nepsoi,i norpeWH0CTH CTa­

H0BHTCll npeo6nanaiowei1 JlMWb BO MH0rorpynnOBblX npH-

6J1H)KeHH.IIX. B npyrnx CJlY'Ja.llX Ka)l(Lla.11 113 nepe'lHCJleHHblX 

norpewHOCTeH BHOCHT CB0H BKJla,11. s MTOrosyJO OWl16KY 

Bbl'lHCJl.lleM0H HHTerpanbHOH xapaKTepHCTHKII. npe.11.cTaB­

Jl.lleT npaKTH'leCKHH HHTepec 0TBeT Ha sonpoc: KaKOBbl 3TH 

BKJlaLlbl? 

OTBeT Ha )TOT sonpoc rrpHMeHHTeJlbHO K c<jlepM'le­

CKHM KpHTH'leCKHM c6opKaM c MeTaJJJlH'leCKHMH aKTHBHbl-
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MM 30HaMH HJ BblCOK006oraweHHblX ypaHa HJlH nnyTOHIUI 

6e3 OTpa)KaTeJl.11 H c 0Tpa)l(aTeJleM HJ Be T0JlLl.lMHOH 1,36 CM 

11J1H 20 CM 6blJ1 nOJJYlJeH npH TeopeTHKO-paC'lCTHblX MCCJle­

Ll0BaHIUIX, peJyJlbTilTbl KOTOpblX npencTaBJleHbl B naHHOH 

pa6oTe. 

BJJM.IIHHe seC0BblX <PYHKUHH 6blJ10 Bbl.llCHCHO nYTeM 

cpasHeHM.11 pe3yJ1bTaT0B pac'leT0B xapaKTepHCTHK c6opOK 

no 8-rpynnOBblM nepBH'lHblM M BT0pH'lHblM Hei1TpOHH.blM 

K0HCTaHTaM. TTpH nonroTOBKe BTOpH1-1HblX K0HCTaHT HC­

nOJlbJOBaJJMCb BCC0Bble <PYHKUHH, oueHeHHb(e LlJl.11 Ka)l(Ll0H 

c6opKM (w LlJl_.11 Ka)l(Ll0H o6naCTH s Hett. ecJrn c6opKa MHO­

roo6J1aCTHa.1!) MeTOLl0M HJ pa60Tbl [2] C .11.onOJ1HeHHCM HJ 

pa3nena I HaCT0.IILl.leH CTaTbH. f1o.nYepKHeM, 'lT0 BT0pH~­

Hble K0HCTaHTbl He .IIBJl.11.IOTC.II YHHBepcanbHblMM H C00TBeT­

CTBYJOT KOHKpernol-1 c6opKe (H KOHKpeTHOH o6nacrn s HeH, 

eCJlH c6opKa MHOroo6J1aCTHa.1!). 

BnM.IIHHe rpynnosoro np116J1H)Kett11.11 11ccnenosanocb 

nYTeM cpasHeHM.11 peJyJlbTaTOB pac'leTOB xapaKTepHCTHK 

c6opOK, nOJJY'lCHHblX no 8-, 16- 11 32-rpynnOBhlM BT0pH~­

HblM K0HCTaHTaM. np11 nony'leHHH )Tl{X KOHCTaHT q>MKCH­

posanacb sepc~I.II HeHTp0HHblX .naHHblX. 

Ob(J10 HCCJJenosaH0, BhlB0,11.HT JlH ysem11.JeHHe 'lHCJla 

rpynn LlO 32 paCL(eTHble xapaKTepHCTHKH paCCMOTpeHHblX 

c6opOK Ha aCHMnT0THKy. EcJJH 3TO TaK, TO norpeWH0CTb 

HCnOJlbJOBaswei,ic.11 sepCHH HeHTp0HHblX naHHblX npH pac­

CMOTpCHHM ) Tl.fX c6opoK MO)l(CT 6b1Tb oueHeHa np116J1H­

)l(eHHO KaK pa3H0CTb Me)l(LlY pac'leTRblMH JHa'leHHllMM, 

nony'leHHblMH s COOTBeTCTBYJOWeM )TOH sepCHH 32-

rpynn0B0M npM6J1H)l(eHHH, H peJyJlbTaTaMH H3MepeHHH. 

B 32- rpynnOBOM npH6J1H)l(eHHH 6blJ10 nposeneHO 

cpaBHeHHe pe3yJ1bTaTOB pac'leTOB no .D.BYM CHCTeMaM BTO­

pH'lHblX K0HCTaHT, COOTBeTCTBYIOLl.lHM .nsyM Pa.JJlH'-IHblM 

sepCH..IIM HCHTp0HHblX naHHblX. 



I. )l.OnOJIHEHHE K METO.ll.Y OQEHKH 
3HEPrETl1l.fECKOH 3ABl1CHMOCTl1 

IlOTOKA HEMTPOHOB 

MeTO.!l, npeD)IO)KeHHbJH e pa6oTe [2] , no3eom1eT no 

3a,!laHHblM 3Ha4eHI-UIM 

$, = ('2:101,, + 8 'E)cp, 

np11 HOpM11poeKe 

(I) 

rne I - HH,!leKC nocJJe,!lHett rpynnbl, oueH11Tb cjJyHKUJUO 

$(u), noJJO)IOffeJJbHYJO .!lJIJI ecex neTapntH u = ln(E00 I £), 

coxpaW!IOLUYIO 11HTerpaJJbl $;, 06pa1.Ua10LUYIOCJI B HOJ!b np11 

u ➔ u0 = ln(E00 I £0 ) 11 u➔oo, HenpepbIBHYJO Ha rpaH11uax 

pa3,!leJJa rpynn 11, KaK npaeHJJO, C HenpepblBHOH nepBOH 

np0113BO,!lHOH Ha 3Tl1X rpaHHUaX. 3.!leCb 11cnOJJb30BaHbl 

o6o3HatteHl1jl: £ - 3Heprl1jl Heihpotta; Eoo - eb1611paeMoe 

3Ha4ett11e 3Heprn11, ttanp11Mep Eoo = IO M3B; Eo - MaKc11-

Ma.J1bHa11 3HeprnJI HeMTJ)OHa; Lto/,/ - rpynnOBble MaKpOCKO­

n114ecK11e nOJJHbJe Ce4eHl1jl B3al1MO,!leHCTBJijj HeHTJ)OHOB B 

TOH 06J1aCTl1 paccMa-rp11eaeMOH CHCTeMbl, ,!lJljl KOTOpoi1 

npOBO,!ll1TCJI BOCCTaHOBJJeH11e $(u) (11.!lepHbJe KOHUeH-rpa­

U1111 OT,!leJJbHblX KOMnOHeHT COOTBeTCTBYJOT COCTaBy 3TOH 

o6JJaCTl1, a M11KpOCKOnl14eCKl1e rpynnOBbie Ce4eHl1JI COOT­

eeTCTBYIOT ee cpe.!lHett TeMneparype 11 6noK11poeaHbl no ee 

cocTaey 11 pcl3MepaM); o'E - .!l06aeKa, KOTopa11 3cjJcpeKT11BHO 

Y4l1Tb1BaeT KOHe4HOCTb o6beMa 3TOM 06nacT11; cp, - cpe,!1-

HHH no 06JlaCTl1 MHOrorpynnOBOH cneKTJ) nOTOKa HeH-rpO­

HOB. B pa6oTe [2] .!lJIJI oueHKl1 o'E npe.!lJlo)KeHo 11cnoJ1b30-

eaTb npOCTYJO cjJopMyny 113 pa60Tbl [I] 

o'E = 1,5S / 4V, 

r,!le S - TTJJOLUa.!lb ecei1 BHewHdi noeepxHOCTl1 paccMa-rp11-

eaeMOH 06nacT11, a V - ee o6beM. 

3Ha4eHJ,(JI Ltol,I COOTBeTCTBYIOT nepBH4HblM KOHCTaH­

TaM, C nOMOI.UblO KOTOpblX paCC4HTaHbl 3Ha4eHl1JI cp, B pa3-

Jll1'tHblX o6nacrnx paccMa-rpHBaeMOH CHCTeMbl. 
-I 

PaJMepHOCTb Ltot,i 11 8:E paeHa CM . TTpH 11cnOJJb30-

eamrn HOpMHpOBKl1 (I) $; 11 cjJyHKUHJI $(u) 6e3pa3MepHbl, 

pa3MepHOCTb cp; paeHa CM. 3HeprnIO HeHTJ)OHa £ 6y,!leM 

Bblpa)l{aTb B Mera3JJeKTJ)OHBOJlbTaX. 

TTocne oueHKH $(u) pactteT 3HepreT114ecKoH 3ae11c11-

Mocrn nOTOKa HeHTJ)OHOB cp(E) MO)l{eT 6b1Tb npoee,!leH no 

<j>opMyne 

cp(E) = $(1n(Eoo IE)) ' 
E[:E101(E)+or.] 

rne L1otCE) - 3aBHCl1MOCTb OT 3Heprn11 MaKpOCKOnH4eCKOf0 

nonHoro ce4eHHJI B3aHMO,!leHCTBHJI HeHTJ)OHOB B TOH 06-

JlaCTH paccMa-rpueaeMOM CHCTeMbl, ,!lJlj! KOTOpOH npoee,!le­

HO BOCCTaHOBJleH11e cp(E) (Jl.!lepHbJe KOHUeH-rpau1111 OT,!leJlb­

HblX KOMnOHeHT COOTBeTCTBYIOT COCTaBY 3TOH 06J1aCT11, a 
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MHKpOCKOnH4eCKl1e cetteHl1jl COOTBeTCTBYIOT ee cpe,!lHeH 

TeMneparype). <l>yHKUHJI cp(E) 11 11cnOJJb3yeTCJI KaK eecoeaJI 

npH noJJy4eHl1H BTOp11'IHblX KOHCTaHT. PaJMepHOCTb 
- 1 

L101(£) paetta CM . Tor,!la np11 11cnOJJb30BaHl111 HOpM11poe-
-l 

KH (1) paJMepHOCTb cp(E) paeHa CM·M3B . 

TTp11 oueHKe 3HeprerntteCKOM 3a811C11MOCTl1 nOTOKa 

HeHTpOHOB orpa,rntt11MCJI paCCMOTJ)eHHeM 8-rpynnoeoro 

np116JJH)KeH111!, KOTOpoe CJJe,!lyeT C411TaTb MaJJorpynnOBblM. 

TT03TOMY no TepM11HOJIOfl111 113 pa60Tbl [2] ,!laJJee pe4b 11,!leT 

TOJlbKO O BOCCTaHOBJJeHIU1 cneea Hanpaeo - OT Ha11MeHb­

wei1 nernprnu (Ha1160J1bweii 3Heprn11) K 60J1hWHM neTap­

fl1jlM (K MeHbWl1M 3HeprnJ1M). rpaHHUbl rpynn Ha OCH 

neTaprni1 np11 Eoo = 10 M3B paeHb1: uo = - 0,35; u1 = 0,5; 

u2 = I; 113 = 2; u4 = 3; us = 4; ll6 = 6; 117 = 8; ug⇒oo. 
-{i 

TTp11 TeMneparype cpe.!lbl T = 300 K = 0,026· 10 M3B 

3Hepflijl CW11BKl1 3HepreTl14eCKHX 3aBl1CHMOCTeH nOTOKOB 

3aMe,!lJIJIIOLUHXCJI 11 TenJJOBblX HeHTJ)OHOB EF paeHa 
-6 

0,182-10 M3B, TaK 4TO llF=ln(Eoo l EF)=l7,82. ,I:(nJI 

pac4eTa 3Heprn11 CW11BKH EF HCnOJlb30BaJJaCb np116Jl.11)1{eH­

Ha11 cjJopMyJJa 113 pa60Tbl [3] 

KaK B11,!l11M, ,!lJljl Bb16paHHOfO 8-rpynnoeoro pa3611e­

HHJI xapal\"TepHO, 4TO np11 YKaJaHHOH TeMneparype eepXHJIJI 

3HeprnJ1 nocne,!ltteii rpynnb1 £1- 1 = 0,003355 M3B >> EF. 
3To CHJJbHOe HepaeeHCTBO BbIHY)l{,!laeT .!lO nepexo,11.a K on11-

caH1110 eeCOBblX QlYHKUl1H B paccMa-rp11eaeMblX c6opKax 

OCTaHOBHTbCJI Ha ,!lOOOJlHemrn K npe.!lJIO)KeHHOMY e pa6oTe 

[2] MeTO,!ly. 

,I:(nJI rapaHTHl1 nOJl0)1{11TeJlbHOCTl1 BOCCTaHaBJJHBaeMOH 

<l>YHKUHH B w11pOKOM 11HTepeane [lit- I , UF] npe,!lJlaraeM 

nocrynaTb cne.!lYlOLUHM o6paJOM. B npe.!lnocne,11.Heii rpyn­

ne cneeyeT 11cnOJ1b30BaTb JlHHeHHOe np116J1l1)1{eH11e 

<l>opMyJlbl ,!lJlj! pac4eTa 6e3pa3MepHblX K03cjJ<j>11u11eHTOB 

11MeIOT 811,!l 

"' 2 $,_, "' 
'l'/-11 = ---'l'/-21; 

• D.Ut-1 , 

$(1) = $1-1,1 -$,-2,1 . 
l-1,1 D.U 

/ - 1 

vlcnOJlb30BaH11e 3THX <j>opMyJl rapaHTHpyeT HenpepblB­

HOCTb BOCCTaHaBJ111eaeMOH cpyHKU1111 Ha rpatt11ue PaJ.!leJla 

rpynn c HOMepaMH (/-2) 11 (/- 1) 11 coxpatteH11e rpynnoeoro 

HHTerpana $1- 1. 3,11.eci. D.u; = (u; - u,_1) - w11p11Ha rpynni.I 

C HOMepoM i Ha OCH JleTaprnii, a 3Ha4ett11e $1-2, I MO)l(eT 

6bJTb Bbl4HCJleHO no q>OpMyJle 113 pa60Tbl [2]. 
EcJJH 11MeeT MeCTO HepaeeHCTBO 

) 



TO npH onpe.neneHHH napaMeTPa, rapattntpyJOw.ero nono­
lKHTenbHOCTb BOCCTaHaBJnreaeMOH <i>YHKUHH, Heo6xo,nHMO 
TPe6oeaTb BbinOnttemui ycnoe1tt1 

<P/- 2.1 <P/- 1,1 
-->--. 
E1- 2 E1-1 

3.necb !:l.E; = (£1_ 1 - £1 ) , E; - rpatt11ubI rpynn Ha ocw 

JHeprnit 
PaCCMOTPHM Tenepb nocne.nHJOJO rpynny. nycTb Bbl­

nonHHeTCH HepaBeHCTBO 

(2) 

8 HHTepeane ( u1_ i, oo) npe.nnaraeM 11cnoJTb3oeaTb cne­

.nyJOw.ee nHHeHHO-KOM6HHHpoeaHHOe np116nHlKeH11e: 

a) U/- 1 ~ U ~ Uf-1 + !:l.UF 

(3) 

(4) 

rn.e !:l.u F = (11 F -111 _1) . noTPe6oeae tterrpepb!BHOCTH 11c­

KOMOH <i>YHKUHH B TO'!Kax Uf- 1 H UF H coxpaHeHI-UI HHTe­

rpana Ip/, non)"IHM cnen.yJOW.He BblpalKeHlUI .nnH Bbl'IHCne­
HHH KOJ<j><j>HUHeHTOB: 

TTpH 3TOM npH onpen.eneHHH napaMeTPa He06XOJJ.l,lMO JJ.0-
611eaTbCH BbinOnHeHI-UI ycnOBHH 

<P/-1,1 <PF.I -->--. 
E1-1 EF 

l1cnonb30BaHHe npw6nH)KeHHH (3), (4) COBMeCTHO C noc­
ne.nHHM ycnoeHeM 003BOnl1T 1n6elKaTb He<j>H3H4eCKOro 

acnnecKa <i>YHKUHH ip(ln(Eoo I £)) I E B TO'!Ke EF, 

ITyCTb Tenepb BMeCTO (2) IIMeeT MeCTO HepaBeHCTBO 

Tor.na e HHTepeane [ u1_1, oo) npe.nnaraeM 11cnonb30BaTb 

n.pyroe nHHeHHO-KOM6HH11pOBaHHOe np116n11lKeH11e: 

a) 11,_1 ~Zl~ll/ - 1 +!:l.uF / 2 

33 

a) II ~ IIF 

ip(u) = J},1/ E&i exp(- 2u - Eoo exp(- u) I T). 

TTOTPe6oeae Henpepb!BHOCTH IICKOMOH <i>YHKUHH e TO'!Kax 

11/- 1 11 llF II coxpatteHHH HHTerpana Ip/, 0OJT)"IHM cne.nyI0-
W.He BblpalKeHIUI .nnH Bbl411CneHI-UI KOJ<j><j>HUHeHTOB: 

f
(I) _ <PF,I 
/ I - 2 ' 
' Ep exp(-EF I T) 

r.ne 

!:l.F =(_!-} 1-()+EF I T)exp(-EF I T) ' 
EF exp(-Ep I T) 

T- cpe,nHlUI TeMneparypa c6opKH. 
ITepei1,neM K on11caHHIO eeCOBblX <i>YHKUHII. 

2. OTIMCAHME BECOBblX <l>YHKUHH )I.JUI 
PAC'-IETOB BTOPM4HblX KOHCTAHT 

PaCCMOTPeHHble KpHTH'!eCKHe c6opKH nepe'!HCneHbl 
e Ta6n. I . Ha3BaHHH c6opOK COOTBeTCTBYIOT Ha3BaHIDIM, 
np11ee.neHHblM B MelKJJ.YHapO.!lHOM c6opHHKe [4], TaM lKe 
npwBe.QeHbI nonHbre om1caHHH 11x xapaKTepHCTHK. Cpe.n­
HJOJO TeMneparypy c6opOK T MOlKHO C4HTaTb pas HOH 300 K. 

Ta6n11ua 

O6w.11e xapaKTepHCTHKH KpHTH4eCKHX c6opOK 

I la.JeaH11e OcHOBHOA Ma-repu- Tonw11Ha oTpIDKa-

c6opK11 [4] aJJ 8KTHBII0f:l 30Hbl Tem1 113 Be, CM 

Hmfl/2 mu 0 

Pmfl 239Pu 0 

mmf7/ I 239Pu+235U • 20,0 

mmf7/6 239Pu+235U • 1,36 

• 239 235 
8Hyrpc111111n cn0H 113 Pu, BHCWH11A CJl0H 113 u. 

C6opKH hmfl /2 H pmfl HBJTHIOTCH O.!lH006nacTHblMH, 
c6opK11 mmf71I H mmf716 - TPexo6naCTHblMH. 

2.1. C6opKa hmO12. np11 paC4eTe BTOpH'¾HblX K0HC­

TaHT .nnH H.!lep 234U(/ = I), 
235U(/ = 2), 

238u(I = 3), 



233U(l = 4), 239Pu(/ = 5) H 
237

Np(/ = 6) HCOOJlb30BaJIHCb 
cneKTpbl noTOKa HeHTPOHOB 

cp(E) 
cp,(E) = 10 · 

a,0 ,,1(E)+ I 0 

3.uecb cp(E) .uaHO Bblpa>KemteM 

cp(E) = 3 
<!>(£) 

L Pk01ot,k (E) + 0, 128708 
k=I 

(5) 

(6) 

5lnepHble KOHL(eHTPaUHH Pk, COOTBeTCTB)'lOlllHe coc­

mey aKTHBHOH 30HhI c6opKH hmfl/2, paeHbI [4]: P1(
234

U) = 

= 4,9184· I0--4 Hnep/(6apH·CM), p2(
235

U) = 4,4994· I0-
2 

H.Uep/(6apH·CM), p3(2
38

U) = 2,4984· I0-
3 

HI1ep/(6apH·CM). 

TToJJHbie M11KpocKonH'-teCK11e ce•teHHH a101_k(E) Bbipa>KeHbI 
B 6apHax. PaJMepHOCTb 411CJlOBOro CJlaraeMoro B 3HaMeHa­
TeJlHX Bblpa>KeHHH (5), Bblpa)KeHHH (6) H B 3HaMeHaTeJlHX 

-I 
nanee npHBO.!lHMblX eMy no.uo6Hb!X Bblpa>KeHl1H paeHa CM . 

TT pH £ ~ 0, 182· 10--6 M38 cj>yttKU11JI q>(E) B Bblpa)KeHl111 
(6) 11MeeT B11.!l 

A1 + B1 ln(E1 )+.!.CJ[ln( £, )]2 +.!.D,(ln(_&)]3 

~( £) = E 2 £ 6 £ (7) 
E 

3Ha4elfl1H 6e3pa3MepHblX K03cj>cj>11u11eHTOB 113 3Toro 
Bblpa>KeHHH, Hal1.ueHHble cornaCHO MeTOny 113 pa60Tbl [2] 
c .uono1rneH11eM 113 npe.ubInymero pa3.uena, np,,rne.ueHbI 
B Ta6Jl. 2. 

--6 
TTp11 E ~ 0, 182-10 M38 cpyHKU11H <l>(E) e (6) 11MeeT 

811.!l 

<!>(£)=7,239-104 E. 

no.u4epKHeM, 4TO, HeCMOTPH Ha 8Hewm1e pa3Jll14HH, 
cj>yHKU1111 (5) .!lJlH mo6oro I COOTBeTCTB)'lOT npaKTl1'JeCKH 
0,!lHOH H TOH >Ke 3aBHCl1MOCTH OT £. 8b16paHHaH cj>opMa 
3an11cH o6ycJJOBJleHa oco6eHHOCTHMH nporpaMMbl RMK 
apx11ea BEND [5], c noMOlllbIO KOTopoi:t nposo.uHJJcH pac-
4eT BTOpH4HblX KOHCTaHT. 

3Heprern4eCKHe 11HTepBaJJbl C l1HI1eKCaM11 1 = 3 - 7 H3 
Ta6Jl. 2 COOTBeTCTBYIOT rpynnaM 3-7 pa36HeHl1JI, HCOOJlb-

3yeMoro .!lJlH nepBH'IHblX KOHCTaHT. rpaHHUe rpynn I 11 2 
COOTBeTCTByeT 3HeprHH 6,065 M38. 

2.2. C6opKa pmfl. TTp11 pac4eTe BTOp114HblX KOH-
239 240 241 

CTaHT .!lJlH Hnep Pu(/= I), Pu(/= 2), Pu(/= 3), 

Ga(/= 4), 233U(/ = 5), 235U(/ = 6), 238U(/ = 7) H 237Np{/ = 8) 
HCOOJlb30BaJJHCb cneKTpbl nOTOKa HeHTPOHOB (5). ,!ljrn pac-
4eTOB 3aBHCl1MOCTH cp(E) HCOOJlb30Barracb cpopMyna 

<!>(£) 
cp(E)=-4----'--'--'----

L PkOrot ,k (£) + 0, 176197 
k=I 

(8) 

KoHueHTPaUHH Pk, coorneTcrny10m11e cocTaey aKTIIBHOH 

30Hbl c6opKH pmfl, paBHbl [4] : P1(
239

Pu)=3,7047-I0-
2 

Hllep/(6apH·CM), P2(
240

Pu) = I, 7512· I0-3 
Hllep/(6apH·CM), 

p3{2
41

Pu)= 1,1674-10--4 H.!lep/(6apH·CM), p4(Ga)= 1,3752·10-
3 

.11.uep/(6apH·CM). 
--6 

B Bbrpa>KeHHH (7) npH £ ~ 0, 182· 10 M38 cne.uyeT 
HCOOJlb30BaTb K03cj>cpHUHeITTbl H3 Ta6JJ. 3. 

-{) 
TT pH £ ~ 0, 182· 10 M38 e Ka4eCTBe cpyHKUHH <l>(E) 

8 cj>opMyJle (8) cne.uyeT HCDOJlb30BaTb cpyHKUHIO 

<j>(E) = 4,5779 -104 £. 

2.3. C6opKa mmf7/J. TTpH pac4eTe BTOpH4HbIX 

KOHCTaHT .!lJlJI .11.uep 
239

Pu(/ = I), 
240

Pu(/ = 2), 
241 

Pu(/= 3) 

B (5) HCOOJlb30BaJJaCb cj>yHKUHJI 

<!>(£) cp(E)=-3 __ __,_.o........:.. __ _ 

L PkOrot,k (£) + 0,359448 
k=I 

(9) 

51.uepHble KOlfUeHTPaUHH pk, COOTBeTCTBYIOlllHe COCTaey 
nJJYTOHHeBOH 4aCTH aKTHBHOH 30Hbl c6opKH mmf7/I , pae­

Hbl [4]: piC239Pu) = 4,5536-10-
2 

.11.uep/(6apH·CM), p2(
240

Pu) = 
-3 241 --4 

= 2,7719-10 .11.uep/(6apH·CM), p3( Pu)= 1,73 13-10 

.11.uep/(6apH·CM). 
K03cpcpHUHeHTbl H3 Bblpa>KeHH.11 (7) .!lJlH HC00Jlb30Ba­

HHH e cj>opMyne (9) npe.ucmeneHbJ e m6JJ. 4. 

Ta6n11ua 2 

3Ha4eHHH K03cpcpHUHeHTOB B (7) .!lJl.11 HCOOJlb30BaHHH 8 (6) 

I 11HTepeaJJ £, M3B £1. M38 A1 B1 c, D1 

1-2 14,19- 3,679 3,679 0,174253743 0,25863665 0,192656 0.00158999 

3 3,679- 1,353 1,353 0,3 12658684 0.01817323 -0,2404634 0 

4 1,353-0.4979 0,4979 0.3 14063052 -0.0153645 -0.0335377 0 

5 0,4979-0, 1832 0.1832 0,095938559 -0.4208845 -0.40552 0 

6 0, 1832-0,024 79 0,02479 0,003469858 -0,0462344 0 0 

7 0,024 79-0,003355 0,003355 4,42019-1 o-5 -0.0017128 0 0 

8 0,003355-0.182- l 0--0 0.182· l 0--0 2,39783-1 o-9 -4.5010-10--o 0 0 
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Ta6m1Ua 3 
3Hat.teHlrn K03<j)<jHIUHeHTOB B (7) .IUlll. HCfl0JlbJ0BaHHJI B (8) 

11HTepsan £, MJB £1, MJB A1 81 Ci D1 

14, 19-o,065 6,065 0,09457179 0,31945477 0,7 179453 0,80497922 

6.065- 3,679 3,679 0,24858314 0,29659066 -0.0457282 0 

3,679-1,353 1,353 0,34808668 -0,0975836 -0,3941742 0 

1.353--0,4979 0,4979 0.24978498 -0,0990198 -0,0014362 0 

0,4979--0, 1832 0,1832 0,07777293 -0,2450043 -0, 1459844 0 

0.1832--0.024 79 0,02479 0.0043275 -0,0367227 0 0 

0,02479--0,003355 0,003355 2,7953-10-5 -0,0021498 0 0 

0.003355--0, 182-10-6 0.182-10-6 1,5164-10-9 -2,8464-10-6 0 0 

Ta6nHua 4 
3Hal.feHUl! K03<j)<j)HUHeHTOB B (7) .llJlll. HCfl0JlbJ0BaHHJI B (9) 

YIHTepsan £, MJB £1, M38 A1 81 Ci D1 

14, 19-6,065 6,065 0,06763645 0,22503314 0,4972927 0,54717145 

6,065-3,679 3,679 0.18505786 0,2446525 0,0392387 0 

3,679-1,353 1,353 0,28474085 -0,0452865 -0.289939 0 

1,353--0,4979 0,4979 0,21415943 -0,0958763 -0,0505898 0 

0.4979--0, 1832 0,1832 0,1491691 -0.0341044 0,061772 0 

0, 1832--0024 79 0,02479 0,02166695 -0,0933978 -0.0296467 0 

0,02479--0,003355 0.003355 0,00024834 -0,0107093 0 0 

0,003355-2,4 73.1 o-5 2,473-10-5 0,00066492 8,4842-1 o-5 0 0 

2,473• 10- 5 --0.182-10-6 0,182·10-6 0,00066492 0 0 0 

Ta6nHua 5 

3HalfeHHll. K03<j)<j)HUHeHTOB B (7) .IUlll. HCfl0JlbJ0BaHHJ! B ( I 0) 

YIHTepsan £, MJB £1, MJB A1 81 Ci Di 

14, 19-6,065 6,065 0,05090314 0,16383995 0,3482865 0,3659614 

6,065-3,679 3,679 0,14652397 0,21864337 0,1096068 0 

3,679-1,353 1,353 0,25662221 0,0015531 -0.2170903 0 

1.353--0,4979 0,4979 0,20640701 -0,1019835 -0,1035366 0 

0.4979--0. 1832 0.1832 0,15793488 0,00503925 0,1070228 0 

0, 1832--0,02479 0,02479 0,0273882 -0.1355859 -0,0703 126 0 

0,024 79--0,003355 0,003355 0,0037066 -0.0118408 0 0 

0.003355-2.4 73.1 o-5 2,473-10-S 0.00116841 -5, 1695-10-4 0 0 

2,473.1 o-s --0.182-1 o-6 0.182-10-6 0,00116841 0 0 0 

-6 
ITpH £ ::; 0, 182-10 M3B <PYHKUHll. $(£) B (9) HMeeT .H.nepHble K0HUeHTPaUHH Pk, C00TBeTCTBYIOU(lie ypa­

HOBOH t.tacrn aKTMBH0H 30Hbl c6opKH mmf7/ 1, paBHbl [4]: 

$(£) = 2,2013 · l013 
£ exp(-£ IT) . 

235 -2 238 
Pl ( U) = 4,440 I· IO ,i.nep/(6apH·CM), p2( U) = 

-3 = 3,2137-10 ,i.nep/(6apH·CM). 
ITpH pacl.feTe BT0pHYHblX K0HCTaHT .IUlll. ,i.nep 

235 238 
U(/ = I), U(/ = 2) s (5) HCfl0JlbJ0Banacb cpyHKUHll. 

Ko3<j)<j)11u11eHTbl 113 BblpIDKeHHll. (7) .llJlj! HCn0JJbJ0Ba­

HH.R s <j)opMyne ( I 0) npe.ncTaBJJeHhl s Ta6Jl. 5. 

<p(E) = 2 

L PkCJ101,k (£)+ 1,01589 
k=I 

(10) 
BH.!l 

35 

-6 
ITp11 £::; 0, 182· 10 M3B <PYHKUHH $(£) B ( I 0) HMeeT 

$(£) = 3,8682 · I 013 
£exp(-£/ T) . 

~ 



npH pac'-leTe BTOpH'-IHhlX KOHCTaHT JJ,Jlll Be HCnOJJb30-
eancJI cneKTp nOTOKa HeihpOHOB 

~(£)= $(£) 
Psecr,0 , ,Be (£) + 0, 048571 

( 11) 

$(£) 
~(£)=-2--------

L Pk0-101,k (E) + 0, 237755 
k=I 

(12) 

235 238 
51.nepHbJe KOHUeHTPaUMJ1 Pk ll,nep u M u Te )Ke, 

51,nepHall KOHUeHTPaUllll paeHa Pse = 0, 12295 '-ITOB(I0). 

J1,nep/(6apH·CM) [4] H COOTBeTCTByeT COCTaBY OTpa)KaTeJJll 
c6opKH mmf7/1. 

KOJcj>cj>MUHeHTbl H3 BblpmKeHHll (7) JJ,Jlll HCnOJJb30Ba­
HJ,JJI e <j>opMy11e ( 12) npe.ncrneneHbJ a rn6n. 8. 

KoJcjJcjJHUHeHTbl H3 Bblpa)KeHHJI (7) JJ,Jlll HCn0JJb30Ba­
HHll e cjJopMyne ( 11) npe.ncrneneHbJ e rn6n. 6. 

IT pH Es; 0, 182· I 0-6 MJB <l>YHKUHR $(£) a ( 11) HMeeT 
BM.U 

BH.U 

-6 
TTpH Es; 0, 182· IO MJB cj>yHKUHll $(£) a ( 12) HMeeT 

$(£) = 2,9953 -10- 1 E. 

$(£) = 4, 1560 · I 014 E exp(-£ I T). 
npH pac'-leTe BTOpH'-IHblX KOHCTaHT JJ,Jlll Be 11cnOJJb30-

BanCJI cneKTp nOTOKa HeHTPOHOB 

2.4. C6opica mmf7/6. npM pac'leTe ernpM'-IHbJX 
239 240 241 

KOHCTaHT JJ,Jlll ll.Uep Pu(/= I), Pu(/ = 2), Pu(/ = 3) 
~(£)= $(£) 

Psecr,0 ,,se (£) + 0, 554727 
(13) 

B cneKTpax nOTOKa HeHTPOH0B (5) M3MeHHJJMCb TOJJbKO 
KO)cjJcjJHUHeHTbl e (7). OHH npHee.neHbl e Ta6n. 7. KoHueHTPaUHll Be TaKM )Ke, KaK He c6opKe mmf7/ I. 

TT pH Es; 0, 182· I 0-6 MJB <l>YHKUHJI $(£) a (9) JJ,Jlll 
c6opKM mmf7/6 MMeeT BM.n 

KOJ<j>cj>MUJ,JeHTbl M3 Bblpa)KeHHll (7) JJ,Jlll HCnOJJb30Ba­
Hl1ll e cj>opMyne (13) npe,nCTaBJJeHbl e Ta6JJ. 9. 

$(£) = 7,0158-10- 1 E. 

-6 
npH Es;0, 182·10 M3B cj>yHKUMll $(£) a (13) MMeeT 

B1111. 

npJ,f pac'!eTe BTOpH'-IHblX KOHCTaHT JJ,Jlll Jl,Uep 
235 238 

U(/ = I), U(/ = 2) B (5) J,JCnOJJb30BanaCb <PYHKU11R 

$(£) = 5,6354 -105 E. 

Ta6nHua 6 

3Ha'-leHHll KO)cj><j>1m11eHTOB B (7) _nJlj! HCnOJJb30BaHHR B ( 11) 

I Hmepsan £, M:>B £1, M'38 A1 B1 c, 
14,19-6.065 6,065 0,00222182 0,00606822 0.0101052 0,0069792 

2 6,065- 3,679 3.679 0,00829433 0.0182218 0,0243072 0 

3 3,6 79- 1,353 1,353 0,04006911 0,04532775 0,0271059 0 

4 1,353-0,4979 0,4979 0,02998799 -0.06549 -0,1108177 0 

5 0,4979-0, 1832 0,1832 0,13803858 0,28159114 0.3470811 0 

6 0, 1832-0,02479 0,02479 0.07958353 -0,3400462 -0.3108187 0 

7 0,024 79-0,003355 0,003355 5,0125.10- 13 -.0.0397918 0 0 

8 0,003355- 2,473· 10-S 2,473·10-S 0.01255328 2,5567-10-3 0 0 

9 2,473-1 o-5 -0.182-1 o-6 0, 182· 10-6 0,01255328 0 0 0 

Ta6nHua 7 

3Ha'-leHHll KOJ<j>cj>HUMeHTOB B (7) JJ,Jlll HcnOJJb30BaHHR B (9) JJ,Jlll c6opKH mmf7/6 

I 1'1HTepsan £. MJB E1, MJB Ar Br Cr 

14, 19-6.065 6,065 0.08243773 0.27906416 0.6286391 0,70665499 

2 6,065- 3,679 3,679 0,21845223 0,26499386 -0.0281406 0 

3 3,679-1,353 1,353 0,33377045 -0,0343574 -0,2993513 0 

4 1,353-0,4979 0,4979 0,26186795 -0, 1094476 -0.0750902 0 

5 0,4979-0, 1832 0,1832 0,13766183 -0,1389647 -0.0295171 0 

6 0, 1832-0,024 79 0.02479 0,00467547 0,00597829 0,0724715 0 

7 0,02479-0,003355 0.003355 3.26996· 10-S -0,0023214 0 0 

8 0,003355-0. 182· 10-6 0,182-10-6 2.3239-10 
14 -6 -3,3299-10 0 0 
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Ta61rnua 8 

3Ha4eHJrn K03q>q>HUHeHTOB B (7) ,!IJUI 11cnOJ1b3OBaHl111 B ( 12) 

I vlHTcpea.n £, MJB £1,M:>B At 81 c, n, 
1 14,19----{i,065 6,065 0.06675085 0,23415326 0.5475654 0,6402140 

2 6,065-3.679 3,679 0.18240642 0,22846901 -0.0113685 0 

3 3,679-1 ,353 1.353 0,31278151 0,03228117 -0.1961878 0 

4 1,353---0,4979 0.4979 0,28529911 -0,087246 -0.1195271 0 

5 0,4979---0, 1832 0.1832 0,16137198 -0,1606083 -0.0733624 0 

6 0.1832-0,024 79 0,02479 0,00735045 0,00658679 0,0835976 0 

7 0,024 79-0,003355 0,003355 9,9321-1 o-5 -0,0036256 0 0 

8 0.003355---0, 182-10--0 0.182· l 0--0 9,9218-10- 15 -1,0115-10-5 0 0 

Ta6n11ua 9 

3Ha4eHH11 K03q>q>11u11eHTOB B (7) ,!1)111 11cnOJ1b3OBaHl111 B (13) 

I 11HTepea.n £, MJB £1. MB At 81 c, D1 

1 14,19----{i,065 6,065 0.04494616 0.14371298 0.3030411 0,3152165 

2 6.065-3,679 3.679 l,32E-0I 0.20354194 0, 1196579 0 

3 3.679- 1.353 1,353 0,30212726 0.13719282 -0.0663491 0 

4 1,353-0.4979 0,4979 0,30668867 -0.12807 -0.2652628 0 

5 0,4979---0, 1832 0.1832 0,16974376 -0,1458198 -0.0177498 0 

6 0.1832-0.02479 0,02479 1,6076· l 0- 2 -0,0078477 0,0689861 0 

7 0.024 79---0,003355 0,003355 3.4410-10-4 -0.0078661 0 0 

8 0,003355-0, 182· l 0--0 0, 182-10--0 1,8667-1 o-8 - 5 
-3,5039-10 0 0 

3. PE3YJibTAThl PAClJETOB 
XAPAKTEPJ1CTMK CliOPOK 

B Ka4eCTBe nepBW-lHblX 11cnOJ1b3OBaJJl1Cb 8-rpynnOBbJe 
KOHCTaHTbl, no.nroTOBJJeHHbJe no ,naHHbIM 113 ENDL-78 c 
noMOLUblO nporpaMMbl RMK apx11ea BEND [5]. rpaHHUbl 
rpynn Ha oc11 JJeTaprni-i np11ee.neHbl e pa3,o.ene I. 3aMeTHM, 
4TO xapaKTep11CTl1K11 B3al1MO.nei-icTB1111 HefiTPOHOB ,!1)111 .ne­
Jl11LU11XC11 11.nep 113 COCTaBOB paccMaTP~IBaeMblX c6opOK 

PeweH11e rpynnoeoro ypaeHeH1111 nepettoca Hei-iTPo­

HOB nposo.o.11J1oc1, e S32-np116J1H)KeH1111 Sn-MeTO.na [6] Ha 
paeHoMepHOH BHYTPl1 Ka)K,ll.OH 06nacT11 c6opK11 pa,nHaJJb­
HOH ceTKe c waroM !:i.r"" 0, l CM no nporpaMMe MNRSN 113 
apxHea BEND [5]. 

233 237 
11 .!IJlJI Ga, a TaK)Ke ce4eH11J1 .o.eneH1111 .!1Jl11 U 11 Np 113 
ENDL-78 11 ENDL-82 coena,nalOT. J1cKJJIO'leHHe cocTaBJJJl-

239 
eT ce,reHHe peaKUHII (n, 2n) Ha Pu, HO pa3JJH4HJI Me)K.ny 
,o.aHHblMH H3 ENDL-78 H ENDL-82 npo11en1110TCJ1 JJHWb 
npH £> 12 M3B. 

,lvl11 BTOpH4HblX rpynnOBblX KOHCTaHT B o,nHOM H3 ea­
pHaHTOB 11cnOJ1b3OBaJJOCb TO >Ke pa3fo1eH11e Ha rpynnbl, 4TO 
H ,!1)111 nepBH4HbJX, a TaK)Ke 16- 11 32-rpynnOBbJe np116m1-
>KeH11J1. rpaHHUbl rpynn 16- HJJH 32-rpynnoeoro np116m1-
)KeHHJ1 Ha OCH 3Heprni-i noJJy4aJJH .o.eJJeHHeM rpynn 8-
rpynnoeoro np116m1)KeH1111 Ha .nee paBHble 11JJH Ha ,,eTblpe 
paBHbJe 4aCTl1. B Ka)l(,nOM H3 3THX cny4aee npHBJJeKaJJHCb 
Hei1TpOHHb1e ,naHHbIe ENDL-82 (.!1Jl11 Be HeliTPOHHbie .naH­
Hble ENDL-78, TaK KaK e ENDL-82 .o.aHHbre .!IJlJI Be OTCYT­
CTBYIOT), a B 32-rpynnOBOM npH6mnKeHl1H 11 HeHTPOHHhle 
.naHHbIe ENDF/B-6. TTp11eneKaewHeCJ1 Hei1TPOHHb1e ,o.aH­
HbIe npe.neap11TeJ1bHO np11eo,n11J111cb K cpe.nHei-i TeMnepary­
pe c6op1<11. 
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,lvlJI ecex paCCMOTPeHHblX c6opoK 6blJIH npoee,neHbl 

pac4eTur keff - 3q><peKTHBHOro K03<pq>HUHeHTa pa3MHO)l(e­
HH11 C y4eTOM 11 MrHOBeHHblX, 11 3anaJ,nblBaJOLUl1X HeHTPO­
HOB .neneHHJI. 3<pq>eKTHBHblH K03<p<p11u11eHT pa3MHO>KeHH11 
HeHTPOHOB onpe.nemlJIC11 C MeTO,ll.114eCKOH norpewHOCTblO 

-5 
10 c nOMOLUblO npRMOH npoue.nypbr nOCJle}lOBaTeJJbHhlX 
np116J11-f)KeHHH C nonpaBKaMH [7]. 

,lv!J1 .nsyx c6opoK 6e3 OTpa)KaTeJ111 61,rn11 npoee.neHbl 
Bbl411CJleHl1JI P - 3<pq>eKTHBHOH JlOJIH 3ana3,n1,rna10LUl1X Hett­

TPOHOB, AO - epeMeHHOH nocTO11HHOH MrHOBeHHblX ttett­
TPOHOB B HH)l(HeM KpHTH'leCKOM COCTOJIHlfH, L - epeMeHH 
)1(113Hl1 MrHOBeHHblX HeHTPOHOB. 3m xapaKTepHCTHKH Bbl-
411CJIJIJIHCb no cne.nylOLUHM <popMynaM H3 pa60Tbl [8] : 
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3.uecb kp - 3q>q>eKTHBHbIH K03Q>Q>HU 
Y'feTa 3anaJJlb!BaJOllU1X HeHTpOHoe; 

HeHT pa3MHO)KeHHSI 6e3 
A - epeMeHHaSI nocTO­

emui, K~ropaSI Bbllf11C· 
TblO IO C HCnOJJb30· 
JlbHblX np116J11,t)KeHHH 

SIHHaSI MrHOBeHHblX HeHTpOHOB .uen 
JlSIJJaCb C MeTO.D.H'-leCKOi1 norpewHOC 

weHHSI ce,1eHHH neneHHSI pa3JJH'!HblX SIJlep. Ka)KJlOe 113 ce-
1.feHHH SIBJJSleTCSI cpe.D.HHM no cneKTpy nOTOKa HeHTpOHOB B 
ueHTpaJJbHOH o6JJaCTH c6opKH. Paneyc ueHTpaJJbHOH 06-
JJaCTH c6opKH nonaraJJCSI paBHblM 0,5 CM. 

eaH11eM npoue.11.ypb1 nocne.11.oeaTe 
Kennora c nonpaeKaMH [9]. 

,lvlll c6opoK 6eJ o-rpa)KaTeJJll 6 
lfeTbl ueHTpaJJbHbIX cneKTpaJJbHblX 

bIJJ 11 npoeeneHbI 11 pac­

HHJleKcoe. U:eHTpaJJb· 
6bIJlH Ha3B8Hbl OTHO-

PeJyJJbTaTbl pacl.feTOB xapaKTepHCTHK nepe'-111CJJeHHblX 
e Ta6JJ. I KpHTH'JeCKHX c6opoK npe.D.CTaBJJeHbl e Ta6JJ. 10-12. 
B CK06Kax nOCTaBJleHbl MOJlYl111 OTKJlOHeHHH OT 113MepeH­
HblX 3HalfeHHH. 

HblMH cneKTpaJJbHblMH 1rn.11.eKCaMH 

C6opKa 

Hmn/2 

Pmn 

Mmf7/1 

Mmf7/6 

C6opKa 

Hmfl/2 

Pmfl 

C6opKa 

TTepBH'IHbte 
KOIICTI!HTbl 

8TOpH'lllble KOIICTaHTbl, 
ENDL-82 

8-rpynnOBble, 
8 

ENDL-78 
-rpynnOllble I 6-rpynnoe1,1e 32-rpynnoeble 

1,00567(0,00567) 0.99 825(0,00175) I ,00287(0,00287) 1,00197(0,00197) 

0.99758(0,00242) 1,00 129(0,00129) 1,00177(0,00177) 1.00176(0.00 I 76) 

0,98884(0.01116) 1,00 580(0,00580) 1,004 72(0,004 72) I ,00444(0.00444) 

1,0050 I (0,0050 I) 1.00 429(0,00429) I ,00260(0,00260) 1,00228(0,00228) 

7 -I -9 
3HalfeHHSI P, 111.ol (IO c ), l (IO c) 

Pe3ynbTaTbl paC'leTOB 

Bem1-
TTepBH'IHble 
KOHCTI!HTbl 

'IHHa 
8Top11'111b1e KOHCTaHTbl, ENDL-82 

8-rpynnoeble, 
ENDL-78 

8-rpynnOBblC 16-rpynnOBblC 32-rpynnollbte 

p 0,00647 0,00652 0,00650 0,00651 

IAOI 0.1185(0,0075) 0, 1179(0,0069) 0, 1192(0,0082) 0.1201 (0,0091) 

L 5,46 5,53 5.45 5.41 

p 0,00186 0,00200 0.00193 0,00192 

IAol 0.0583(0,0057) 0,0640(0) 0,0631 (0,0009) 0.063 I (0.0009) 

L 3.19 3,13 3,06 3,04 

3HalfeHHSI ueHTpaJJbHblX cneKTpaJJbHbIX HHJleKCOB 

Pe3ynbTaTbl paC'leTOB 

TTepBH'-11· lblC 
Tbl 

8TOpH'-1Hbte K01tCTaJ-1Tb1, ENDL-82 
Bcm-t'IHHa KOHCTaH 

8-rpynno 
ENDL-

BblC. 
78 8-rpynnOBblC 16-rpynnOBble 32-rpynnOBblC 

cr/37Np)/ cr/35U) 0,788(0, 049) 0,804(0,033) 0,800(0,037) 0.80 I (0,036) 

8TOpH'lllble 
KOHCTaHTbl 

32-rpynnOBblC, 
ENDF/8-6 

0,99654(0,00346) 

I ,00543(0,00543) 

1,01144(0,01144) 

0,99669(0,00331) 

BTopH'IHbte 
KOHCTaHTbl 

32-rpynnOBblC, 
ENDF/8-6 

0,00645 

0, 1135(0,0025) 

5,68 

0,00187 

0,0630(0,00 I) 

2,97 

8TOpH'-1HblC 
KOHCT8HTbl 

32-rpynnpoebte, 
ENDF/8-6 

0,821(0,016) 

Hmfl/2 
cr/38U) / cr,<235U) 0, 1538(0, 0109) 0, 1540(0,0 I 07) 0, 1545(0,0 I 02) 0, 1550(0,0097) 0, 1599(0.0048) 

crr(
239

Pu) / cr/
35

U) 1,368(0, 034) 1,379(0,023) 1,380(0,022) 1,38 1(0,021) 1,385(0,017) 

crr<233U) / crr<235U) 1,585(0, 005) 1,589(0,00 I) 1,591 (0.00 I) 1,591(0.001) 1,593(0,003) 

crr(238U) I crr<235U) 0.1957(0, 0216) 0.1961(0,0212) 0, 1961 (0,0212) 0, 1964(0,0209) 0,2066(0,0107) 

Pmn 
cr/33U) / cr/35U) 1,564(0, 

cr/37Np) / cr/35U) 0,887(0. 

014) 

075) 

1,564(0.014) 1,564(0,014) I 564(0,014) 1,579(0,001) 

0. 902(0.060) 0,900(0,062) 0.90 I (0.061) 0,949(0,013) 

cr/
39

Pu) / cr/
35

U) 1,392(0, 056) 1,398(0.050) 1,398(0,050) 1.398(0,050) 1,423(0,025) 
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Ta6n11ua 10 

JKCnepH­
MeHT [4] 

I ± 0,0010 

I± 0,0020 

I± 0.0045 

I ± 0,0035 

Ta6n11ua II 

3KcnepHMellT 

0,00659 [8] 

0,111±0.002 [4], 
0, II 0 [8] 

6,04 [8] 

0,00194 [8] 

0,064±0,00 I [4], 
0,065 [8] 

3.0 [8] 

Ta6n11ua 12 

JKCnep1tMCl·IT 
[4] 

0,837±0,013 

0. 1647±0,0018 

1,402±0,025 

1.59±0,03 

0.2173±0,0023 

1,578±0,027 

0,962±0,016 

1.448±0,029 



4. 06CY)l(tl,EHHE PE3YJibTATOB H BblBO)l,bl 

O6cy.1.1.11M CHa<Iana pe3ynbTaTbl, nony'-leHHble 8 paMKaX 
np11MeHeHI1S1 Heihpomu,1x .1.1.aHHblX ENDL-82. 

3T11 pe3ynhTaTbl nOK83bl8atoT, 4TO np11 HCnonb30Ba­
Hl1H 8-rpynnoeoro np116nmKeH11S1 nepexo.1.1. OT nepett4Hb1X 
KOHCTaHT KO BTOp114HblM np11eo.n11T npaKTl14eCKII BO ecex 
Cny'-lal!X K c6n11)1(eHHIO pac'-!eTHblX xapaKTepttCTHK pac­
CMOTµeHHblX KpllTl14eCKl1X c6opOK C )KCnep11MeHTaJJbHblMl1 
.naHHblM11. I1CKnl04eH11eM llBnlleTCSI pac'-!eT OTHOWeHl1ll 

_ 233u 23su 6 P fl ce4CHl111 .1.1.eneHIUI 11 8 UCHTµe C OpKH m , KO-
r.na CMeHa KOHCTallT He 113MeHJrna pe3ynbTaT. 

113 Ta6n. IO 811.llHO, 4TO .llnll ecex c6opOK, KpOMe 

c6opK11 mmf7/6, Mo.1.1.ynb CMememui kejf 113-3a nepexo.1.1.a OT 
8-rpynnOBblX nepB114HblX KOHCTaHT K 8-rpynnOBblM BTO­
p114HblM 6onbwe MO.llynei1 CMCIUCHHH 113-3a nepexo.noe OT 
8-rpynnOBblX BTOp114HblX K 16- II 32-rpynnOBblM BTOpI14-
HblM )l(e KOHCTaHTaM. Ta,rne nepeXO,llbl B paMKax 11cnonb-
30BaHIHI HeHTµOHHblX .naHHblX ENDL-82 npttBOJJ.l!T K 
c6n11)1(eHJUO C pe3ynbTaTaMl1 113MepeHHH ennOTb AO corna­
CHSI C H11Ml1 B npe.1.1.enax l1X norpewHOCTeH TOnbKO np11 

on11caH1111 H3MepeH11i-l kejf Ha c6opKe pmfl 11 Ha c6opKax c 
OTµa)l(aTeneM 113 Be. 

He y,naeTCSI .llOCTHrHYTb cornac,rn C pe3ynbTaTOM 113-

MepeHHSI ke_[f Ha c6opKe hmfl /2, xorn np11 nepexo.ne OT 8-
rpynnOBblX nepB114HblX KOHCTaHT K 32-rpynnOBblM BTO­
p11'lHblM np01130wno c6n11)1(eH11e C pe3ynbTaTOM 113Mepe­
HHH Ha 0,0037. ,[{.nll c6opK11 pmfl cornac11e c pe3ynbTa-ra-

M11 113MepeHHH kejf .nocrnraeTCll y)l(e np11 nepexo.1.1.e K 8-

rpynnoeblM BTOp114HblM KOHCTaHTaM, a np11 yeenH4eHl111 
411Cna rpynn Mo.nyn11 CMemeHIISI OT pe3ynbTaTa 113MepeHl1ll 
yeenH411BalOTCSI, HO OCTalOTCSI MeHbWe norpeWHOCTl1 H3-
MepeHHSI. 

np11 yeentt'-leH1111 411cna rpynn He y.naeTCll .1.1.ocrI1reyn, 

cornac11S1 c pe3ynbTaTOM 113MepeHHll J11.ol Ha c6opKe hmfl/2. 

Cornac11e c pe3ynbTaTOM U3MepeH11S1 l11.0I Ha c6opKe pmfl 

.nocrnraeTCll ~e npI1 nepexo.ne K 8-rpynnoBhlM BTop114-
HblM KOHCTaHTaM. npu yeen114eHl111 411Cna rpynn MO.nyn11 
OTKnOHeHl1H OT 113MepeHHOro 3Ha<IeHl1ll HeCKOnbKO yeen11-
4HBalOTCll, OCTaBal!Cb MeHbWe ee norpewHOCTl1. 

no-paJHOMY H3MeHS1eTcS1 np11 yeen11'-leH1111 411cna 
rpynn 3Ha4eHHe L. ,[{.nl! c6opK11 pmfl npo11cxo.nHT c6n11-
)l(CH11e C pe3ynbTaTOM l13Mepemui 11 MO)l(HO roeop11Tb 0 
6mt30CTH 3Ha4eHHJI, nony4eHHOro no 32-rpynnOBblM BTO­
p114HblM KOHCTaHTaM, K oueHeHHOMY 3Ha4eHmO 113 pa60Tbl 
[8]. ,[{.nll c6opKl1 hmfl /2 yeern14eHHe tt11cna rpynn ee.1.1.eT 
K y.1.1.aneHHI0 pac'-!eTHOrO 3Ha4eHl1ll l OT oueHeHHOro. 

B paMKax 11cnonbJOBaH11S1 HeHTµOHHblX .1.1.aHHblX 
ENDL-82 Mo.1.1.yn11 CMe1UeH11i1 ecex Bbl4HCnllBWHXCll xapaK­
Tep11cT11K KpOMe cneKTµaJJbHblX l1HJJ.eKCOB 113-33 nepexo.na 
OT 8-rpynnOBblX BTOpH4HblX K 16-rpynnOBblM BTOp114HblM 
KOHCTaHTaM 6onbllie aHaJJOfl14HblX 3Ha4eHHH H3-3a nepe­
xo.na OT 16-rpynnOBblX BTOpl14HblX KOHCTaHT K 32-
rpynnOBblM BTOp114HbJM. no )TOH npH<flrne MO)l(HO C4HTaTb 
npH6nl1)f(eHHO, 4TO nony4eHHble .llnll paCCMOTpeHHblX c6o­
poK 8 32-rpynnOBOM np116n11)1(eHHH pactteTHbte 3Ha4eHHSI 
BbIWnl1 Ha aCHMITTOTl1KY 11 HX OTKnOHeHHSI OT pe3ynbTaTOB 
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l13Mepem1ii xapaKTepmyt0T norpewHOCTH wcnonb30Bae­
WHXCll HeHTµOHHblX .naHHblX. 4TO KacaeTCSI ueHTµaJJbHbIX 
cneKTµaJJbllblX 11HJJ.CKCOB, TO yeem1'-leH11e 4Hcna rpynn np11 
11cnonb30BaHHJ1 BTOp114HblX KOHCTaHT ee.1.1.eT K MaJJblM HJ­
MeHCHIISIM no cpaeHCHHIO C norpewHOCTblO 113MepeHl1H. 

CpaeHeH11e .neyx CHCTeM 32-rpynnOBblX BTOpH4HblX 
KOHCTallT, O,llHa 113 KOTOpblX OCHOBaHa Ha HeHTµOHHblX 
.na11HblX ENDL-82, a .npyral! Ha ENDF/ B-6, noKa3bIeaeT: 

- .llnll ecex paCCMOTµeHHblX c6opoK 6ntt)l(e K pe-

3ynbTaTaM 113MepeHIIH pacnono)l(eHbl 3Ha4CHl1ll ke.ff, COOT­
eeTCTBYIOIUHe 11CnOnb30BaH11IO HeHTµOHHblX .1.1.aHHblX 
ENDL-82; np11 11cnonbJoeaH11I1 ENDL-82 cornac11e c pe­
JynbTaTar.m l13MepeHHH I1MeeT MeCTO JJ.nll c6opoK pmfl , 
mmf7/ l 11 mmf7/6, a npH I1cnonb30BaHIrn ENDF/ B-6 TOnb­

KO .nnsi c6opK11 mmf7/6; 

- np11 on11caH1111 11JMepe1111w l11.0I u l Ha c6opKe hmfl /2 
npe.1.1.n0'-lTtlTenbHee 11cnonb30BaH11e HeHTµOHHblX .1.1.aHHblX 
ENDF/ B-6; np11 om1ca111111 TaKJfX lKe eemt4HH Ha c6opKe 
pmfl o6e Cl1CTeMbl HCHTµOHHblX .1.1.aHHblX npHB0,llllT K pe-
3ynbTaTaM, cornacyt01Ul1MCSI C pe3ynbTaTaMH H3MepeHtti1 
Hnl1 6nH3Kl1Ml1 K HttM; 

- npI1 on11caHHl1 pe3ynbTIITOB 113MepeHl1H ueHTµaJJb­
HblX cneKTpaJJbHblX l1H.lleKCOB Ha c6opKax hmfl /2 11 pmfl 
npe.1.1.no'-lTl1TenbHee 11cnonb30B3Tb HeHTµOHHble .1.1.aHHble 
ENDF/B-6; npw 11cnonb30eamrn ENDF/B-6 He on11cbI-
eat0Tcsi TOnbKO pe3ynbTaTbl 113MepeHl1H OTHOIJJeHHSI 

238 235 
cr1( U) / cr1( U) Ha o6ewx c6opKax H pe3ynbTaT H3Mepe-

237 235 
Hl1JI cr1( Np) / cr1( U) Ha c6opKe hmfl/2; HCnonbJOBaHHe 
HeHTµ0HHblX .naHHblX ENDL-82 nOJBOnJleT onHCblB3Tb TOnb-

KO pe3ynbTaTbl 113MepeHl1H crj(
233

U) / ~
235

u) Ha o6eHX 

c6opKax 11 pe3ynbTIIT HJMepeHllil crj(
2 9

Pu) / crj(
235

u) Ha 
c6opKe hmfl/2. 

C.nenaHHble BblB0J.1.bl M0fYT 6b1Tb yttTeHbl np11 npoee­
.1.1.emrn YT04HCHl1SI xapaKTepHCTHK B3altMOJ.l.eHCTBHJI HeH-

235 239 9 
TµOHOB C u, Pu H Be, a TaK')l(e Ce4CHHH .1.1.eneHHSI 
233

u, 
238

u 11 
237

Np 113 ENDL-82 (113 ENDL-78 .llnll 
9
Be) 

HnH 113 ENDF/B-6. 
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YAK 539.1.074.8 

H3MEPEHHE BhIXO,LI;A JIMilYJThCHhIX JiICTOq}fflJ(OB ,LI;T-HEHTPOHOB 
METO,LI;OM AKTJiIBAIUflf CIUfilTHJIJUITOPA Nal(TI) 

B. E. A6necnMos, B. M. Y JJbHH0B, B. A. E0Hpn111~es, H. A. Ysapos, A. K. )KuTHHK, 
JiI. JI. CyMKHH, JiI. A. roprnKosa, E. A. MaMaesa, B. C. Maiiop1111Kos, M. A. Osqm11111Kos 

P<l>511.J,-BHHH3<I>, 6071-90, r. Capos H11)Keropo.u.cK01-1 0611. 

Om,caH Me'TO.!l II PeJYJlbT3Tbl .!lllCT311UltOHHblX IIJMepellHH BblX0.!13 HCH11'0ll08 IIMnyJlbCHOro 11CTO'iltl1K3 J],T-11c0TpOHOD Tltna "nilaJMCIIHbtll <J>o­
Kyc" Ha OCHOee pernc-rpau,111 Haee.aem,oil 3KTIIBHOCTH 8 CUHHTHJlJlHUlt0IIIIOM KpllCT3!1JlC Nal(TI). 

MESUREI\IENT OF PULSE OT- EllTRON SOURCES YIELD U ING al(ll) SCINTILLATOR ACTIVATION METIIOD/ 
V. E. ABLESll\lOV, V. M. ULJANOV, V. A. BOJARlNTZEV, N. A. UVAROV, A. K. ZIT IK, l. L. SUMKIN, I. A. GORSIIKOVA, E. A. I\IA­

IAEVA, V . . MAJORNIKOV, 1\1. A. OVCHI ' IKOV //There arc described the method and results or distance mesurements ofpul e OT-neutron 
sources yield ("plasma focus") by registering of induced activity in Nal(TI) scintillator. 

HeihpOHHO-aKTHBaUHOHHblH MeTO.!l. Wl1))0KO npI1Me­

HJ1eTCll B npaKTHKe H3MepeHHR pa:rnH'lHblX xapaKTepHCTHK 

noJJeH HeHT))OHHOro H3JJY'-leHHR ll.D.epHO-<j>H3H'leCKHX ycra­

HOBOK. HH)l{e Onl-1CbteaeTCll MeTO.!l. H3MepeHHR Bb!XO.D.a 

AT-HeihpoHoe HCTO'lHHKa THna "nnaJMeHHblH <j>oK-yc" 

(TT<l>) [I], no3B0Jllll011J,HH npOBO.!l.HTb H3MepeHHR B npOH3-

BOJlbHblX nOJlllX H3JJY'leHHll B WHpOKOM .!l.l-1ana.JoHe H3Me­

HeHHR BblXO.D.a HeihpOHOB (4-5 nopll.!l.KOB). Mern.n. MO)l{eT 

6b1Tb MCnOJlb30BaH TaK)l(e .!l.Jlll 3KCnpeCCHOH oueHKH BJJHR­

HHll pe)l{HMa <PYHKUHOHHpoeaHHll TT<l> Ha BbtXO.!l. HeHT))OH­

HOro H3Jly'leHHJI. .D:eTeKTop Ha OCHOee perHCT))aUHH Haee­

.n.eHHOH aKTHBHOCTH H30Tona 
128

1 B CU11HTHJ!JlllUHOHHOM 

Kp11CTanne Nal(TI) OTJJH'laeTCll BblCOKOH yyecTBHTeJJbHO­

CTblO K HeHT))OHaM 33 C'leT COBMe1UeHHJ1 8 CUHHTHJJJlllUH­

OHHOM K))HCTaJJJJe <PYHKUHH aKTHBHpyeMoro HH.!l.HKaTopa H 

perHCTpaTopa Haee.n.eHHOH aKTHBHOCTH H y.n.o6eH B 3KC­

nnyaTaUHH, n03B0Jlllll npOBO.!l.HTb .!l.HCTaHUHOHHble H3Mepe­

HHll 6e3 l-13BJ1e'leHHJ1 HH.!l.HKaTopa nocne o6ny'leHHll. O.n.HH 

HJ eap11aHTOB np11MeHeHHJ1 CUHHTHJJJJllTOpa Nal{TI) .!l.Jlll 

perHCT))aUHH BblXO.D.a HeHT))OHOB HMnyJJbCHOro HCTO'lHHKa 

C HCnOJJb30BaHHeM aKTHBaUHH Ao.a.a OllHCaH B pa6oTe (2). 
CUHHTHJ!JlllTOp B 3TOH pa6oTe OT.D.eJJeH OT perHCT))l1pYJ0-

1Uero 6noKa, 'lTO T))e6yeT HJBJJe'leHHJI ero nocne Ka)l{}lOro 

o6ny'leHHll. P83pa60TaHHblH HaMH .n.eTeKTop COCTOHT H3 

CUHHTH6JJOKa 6,D;3r 4-43-02A (cUHHTHJ!JlllTOp Nal(TI) 

.D.HaMeTpOM 63 MM 11 BblCOTOH 63 MM "' <j>oTOYMHO)l{HTeJlb 

<l>3Y-l39), noMemeHHoro e JaMe.!l.JlHTeJJb HJ noJJH3THJJeHa 

.D.HaMeT))OM 24 CM H .!l.JJHHOH 28 CM .!l.JIJI npeo6pa.3oBaHID! 

6blCT))blX HeHT))OHOB B TennOBble, ),( 3JleKT))OHHOH cxeMbl, 

Ka6eJJll nocrynaJOT Ha perHCT))aTop - epeMeHHOH aHaJJH3a­

TOp. TaKal! KOHCT))YKUHJI 11eTeKTopa no3eomIeT npOBO.!l.HTb 

JlHCTaHUHOHHble H3MepeHHll BblXO.D.a HeHT))OHOB. 

A6COJJIOTl133UWI Bb!XO.D.a np0I13B0l(HTC.II MeTO.!l.OM 

cpaeHeHHll C 3TaJJ0HHblM HCTO'IHHKOM (MeTO.!l.OM JaMeme­

HHR), C-yTb KOTOporo CBO.!l.HTCll K npe.n.eap1-1TeJ1bHOH rpa­

JJ.YHpOBKe .n.eTeKTopa B pa60'lHX ycJJOBHllX Ha 3TaJIOHHOM 

HCTO'IHl1Ke HeHT))OHHOro 113JJY'leHHJI. 8 HaWHX H3MepeHHl!X 
252 

HCnOJlb30BaJJCll HCTO'IHHK M3 Cf (nOTOK C noeepxHOCTH 

1,2· 10 7 
HeHT)).IC ± 4 % Ha 1.07 .200 I r.). 

vfJMeplleMblH BblXO.!l. HeHT))OHOB Y1111 H3MeplleMoro 

MrHOBeHHOro HCTO'lHH.Ka onpe.n.enl!eTCll cornaCHO Bb!pa-

)l(eHHIO 

3.n.ecb Yr - BblXO.!l. HeHT))OHOB rpa.n.yHpOBO'lHOro HCTO'IHH-

Ka, 3KBHBaJJeHTHblH BblXOJJ.Y MrHOBeHHOfO HCTO'lHHKa; Nr H 

N,111 - HHTerpaJJbHOe 'lHCJlO OTC'leTOB 11eTeKTopa nocne 

o6JJy'leHHll npH rpa.n.yHpOBKe ),( B H3MepeHHJIX. 

Pa.3JIH'lHe cneKT))aJJbHOrO cocraea HCTO'IHHKOB Y'lH-

Tb1BaeTCll OTHOWeHHeM 4Pr/l1Pm1, r}le 4Pr 1-1 llP11H - pe-

3YllbTaT pac'lera MoHTe-Kapno (MK) (3) YHcna peaKUHH e 

.n.eTeKTope OT rpa.n.yHpOBO'lHOfO H l-13Mepl!eMoro HCTO'lHll­

Ka. BenH'-IHHa 3Toro oTHoweHHll cocTaeJIJleT .!l.Jlll AT­

HeHTpoHoe ~ 1,6. 
BblXOll HeJ:\T))OHOB Yr rpa.n.yHpOBO'lHOro HCTO'lHHKa, 

3KBHBaJJeHTHblH BblXOJJ.Y MrHOBeHHOro 11CTO'IHH.Ka, onpe11e-

o6ecne'lHBaJOLUeH Ha BblXO.D.e c<j>opMHpoeaHHblH HMnyJJbC JllleTCll Bblpa)l{emteM 

nOCTOllHHOH aMnnHT-y.!l.bl -4 B 11 .!l.JlHTeJlbHOCTH ~ 0,4 MKC. 

CUHHTHJJJIJITop .n.eTeKTopa 3am11meH OT eHew11ero raMMa­

InnyYeHHll CBHHUOBblM 3KpaHOM TOJllllHHOH ~ 2 CM. ra6a-

(2) 

pHTHble pa.3MepbI .n.ereKTopa: JJ.J,faMeT)) 24,5 CM, .!l.JlHHa 68 CM. r.n.e Q - cpe.llHHH noTOK HeHT))OHOB HCTO'lHHKa 3a epeMl! 

vfMnyJJbCbl C .n.eTeKTopa no JlHHHH CBll3H 113 KOaKCHaJJbHOfO o6ny'leHHJI (HeHT))./c), npHBe11eHHblH K .n.aTe o6ny'leHHl! 
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(.wu1 11cT04HHKa HJ Cf); Texp - epeM.st o6JJ}"leHH.st (c); A. -
128 --4 - I 

n0CT0.IIHHa.st pacnana H30Tona I, A. = 4 ,62· IO C . 

}].aHHhle, nony•IeHHhte npH H3MepeHl1.IIX, o6pa6aTblBa­

lOTC.II MeT0ll0M HaHMeHbW11X KBanpaT0B, Ha4HHa.st C M0-

MeHTa 600- 700 C OT K0HUa o6ny4eHl1.II nm1 l1CKn10•1eHl1.II 

B03M0)l(H0r0 Bnl1.stHl1JI K0p0TK0)1(11BYUll1X aKTHBH0CTett (c 

T1 12 < 2,5 MHH). IT pH )TOM 3KCnepHMellTMbHa.st 3aBHCH­

M0CTb 411Cna 0TC4eTOB neTeKT0pa OT epeMeH11 npencTaB­

m1eTCll Bblpa)l(eHHeM 

y(t) = y0+ Ale-11,(t - tO), (3) 

rne y0 - n0CT0.IIHHblH <jJoH; A I - CK0p0CTb C4eTa 11Mnynb­

C0B C .neTeKTopa Ha M0MeHT 0K0H'laHl1.II o6ny4eHl1JI 

(OTC4.lc); I - TeKyUlee epeM.st (c), 0TC411TbtBaeM0e OT M0-

MeHTa nycKa perncTµaTopa, t0 - epeM.si 0K0H4amui o6ny-

4eHHJI (c). 

Pe3ynbTaT0M 06pa60T1rn .sien.stlOTC.st 3Ha4eHHll A I , yO 11 

IIX cpe,nHeKBa.npant4Hbte 0TKn0HeHIUI C.K.0. no nony4eH­

H0MY 3Ha4eHH10 A I onpe.11.en.11eTCll 4Hcno 0TC4eTOe N .ne-
127 

Tet<Topa, CBll3aHHblX C aKTHBau11ei1 I, B C00TBeTCTBHH C 

Bbl pa)KeH HeM 

N = AI/L (4) 

)].onroepeMeHHa.st CTa6HnbHOCTb H3Mep11TeJ1bH0ro Ka­

Hana, onpe.neneHHall e cneuwanbHblX 11JMepeHHJ1X, xapaK­

Tep113yeTc.11 MeHee 0,8 %. MaKCIIMMbHall CK0p0CTb C4eTa 

113MepHTeJlbH0ro KaHana, npH KOTOpOH np0C4eTbl C0CTaB-
4 

JllflOT MeHee I %, paeHa 5· IO OTC4.IC. 4yBCTBl1TeJlbH0CTb 

.neTeKTopa B K0J1Jll1M1-1poeaHH0M noT0Ke )].T-HeHTµOH0B, 

onpe.neneHHall e 11JMepeHHllX Ha reHepaTOpe Hr-150, co-
2 

CTaBnlleT ,::, 3 CM . BepXH.11.11 rpaHHUa 113MepeHHJI BblX0.D.a 

HeHTµ0H0B B 11MnyJlhce .nn.si xapaKTepHoro paCCT0.IIHl1.II 11C-
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CK0p0CTblO C4eTa 11 4YBCTBl1TenbH0CTblO 113Mep11TenbH0r0 

KaHana, oueH11BaeTCll ,::, 5 · I 0
12 

HeHTµ.!11Mn. np11 K0HTµ0J111-

pyeM0M epeMeHH0M c.11.e11re Ha4ana perncTµau,111 3Ta rpa­

H11ua M0)KeT 6b1Tb pacw11peHa eeepx Ha 1-2 nop.11.11.Ka. 

HH)l(Hllll rpaH11ua onpe.nen.steTCll <jJOHOBblMH ycn0BHJIMl1 
8 

(.nnll yp0BH.11 <jJoHa IO OTC4.IC 0Ha oueH11eaeTC.II ,::, 4· IO npH 

IO% -HOH CTIITl1CTH4eCK0tt norpeWH0CTJ.1 4HCna OTC4eTOB). 

MJMepeHHJI BblX0,11.a 11MnyJJbCH0ro 11CT04HHKa )].T­
HeHTµ0H0B Ttrna "nJJaJMeHHblH cpoKyc" 6b1m1 npoeeneHbl 

.11.JlJl pacCT0llHH.11 HCT04Hl1K-,lleTeKTop OT 0 ,6 .ll0 2 M. Pac-

4eTHblll BKna.n paccellHHblX HeHTµ0H0B B aKTJ.1llaUHlO ,lle­

TeKTopa C0CTIIBJJ.stn OT 4 .ll0 40 % e JaBHCl1M0CTl1 OT pac­

CT0.IIHHJI .neTeKTopa 110 HCT04HHKa 11 CTeH noMeUleHHJI. Pe­

rHCTµ11pyeMall JaBHCHM0CTb 411CJJa 0TC4eT0B .lleTeKTopa OT 

epeMeHH .nn.si 0llH0H 113 cep11H 11MnyJJbC0B 11 aKTHBaUH.11 OT 

rpa11y11p0B04H0ro 11CT04Hl1Ka np11ee.11.ellbl Ha p11cy11Ke. J,!3-

MepeHl1ll 6btnl1 npoee.lleHbl e 18 11Mnynbcax. l13MepeHHOe 

3Ha4em,e BblX0,lla HeHTµ0H0B C0CTaBHJI0 OT 1,5· I o9 
,ll0 

2,9· 10
11 

HeHTµ0H0B e HMnynbce. 

Cnyqai1Hall C0CTaBJJlllOUla.st norpewH0CTl1 BblX0,lla )].T­
HeHTµ0H0B B npoee,lleHHblX 113MepeHJ.1.IIX onpe,lleJJlleTCll 

norpeWH0CTblO onpe,lleneHHJI Ha4MbH0H CK0p0CTl1 C4eTa 

Ha M0MeHT 0K0H4aHHJI o6JJy4eHHJI (npH rpaeyHp0BKe 1-1 B 

pa6o4eM HMnynbce) 11 CTaTJ.1CTl1K0H pac4eT0B MK. OHa 

ouel{J.1BaeTCll OT 4 .no 7 %. C11CTeMaTJ.14eCKall norpewH0CTb 

rpa.llyHp0B04H0ro 11CT04Hl1Ka C0CTilBJJlleT 4 %. BnHllHHe 

HeonpeneneHH0CTl1 YCJJ0Bl1H 113MepeHl1H (Hea6COJllOTHall 

a,lleKearnocTb reoMeTµHH 113MepeH11i1 H pac4eTa, Heonpe­

.lleneHH0CTb C0CTaBa 0Kpy)l(alOuteH cpenbt - CTeHbl, non, 
noTOJJOK), oueHeHH0e e pacqernx MK, He npeebtwaeT 

2-3 %. B uenoM norpeUJH0CTb npoee,lleHHblX H3MepeHl1H 

ouemrnaeTc.st 10-15 %. 
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,[(ocTOeepHOCTb HJMepeHHH onHCbJBaeMblM MeTo.noM 
no.nrnep)K.naeTCSI pe3ynbTaTaMl1 aHanOrH4HblX TeCTOBblX 
11JMepeHl111 Ha Konn11M11poeaHHOM ny4Ke ,[(T-Hei1TPOHOB 
rettepaTOpa Hr-150. Wrnrnasi MeTo.n11Ka MOH11Top11poea­
H11si BblXO.na ,[(T-Hei1TpOHOB Ha ) TOH ycTaHOBKe npo11JBO­
.lll1TCSI C nOMOUlblO .neyx C4eT'-ll1KOB conyTCTBYIOUlHX anb­
cjla-L1acn1u. <l>n10eHc ttei1TPOHoe onpe.nensieTcsi no noKa:rn­
HHSIM anbcpa-C4eTLIHKOB C norpewHOCTblO Mettee 3 % [4]. 
,[(nsi .neyx npoee.neHHblX o6nyYeHl1H OTHOWeHHe 113MepeH­
Horo JHaLteHIUI K peJynbTary, .naeaeMOMY WTaTHOH MeTO­
.lll1KOH, COCTaBl1Jl0 1,03 11 0,94. 

AttanHJ nony4eHHblX peJynhTaTOB YKaJbtBaeT Ha 803-
MO)l{Hble nyTH yny4weHl1SI xapaKTepHCTHK .neTeKTopa. 
8 4aCTHOCTH, 3Kpatt11poeatt11e 3aMe.nn11Tensi BHeWHHM cno­
eM 6opco.nep)KalJ.lei1 JalJ.lMTbl nOJBOnl1T CHIIJJ,fTb BnHSIHHe 
Hei1TPOHOB, paccesiHHblX OKpy)KaIOLUeH .neTeKTOp cpe.noi1, 
Ha peJynbTaT J,fJMepeHHH. 

BblCOKaSI 4YBCTBl1TenbHOCTb MeTo.na B C04eTaHl1J,f C 
w11poKMM .n11anaJOHOM perncTpau1111, rpa.ny11poaKa MJMe­
p11Ten1>Horo KaHana B pa6oYei1 reoMeTPl1H C nOMOUlblO 
)TanOHHOro 11CTO'-IHl1Ka noJBOnSIIOT rrp11MeHS1Tb MeTo.n B 
npoHJBOnbHblX nonSIX 11Jny4eHl1SI .nn.11 JlMCTaHUHOHHOH 
oueHKH BblXO.na HHJKOHHTeHCIIBHblX HCT04Hl1KOB Hei1TPO­
Horo HJny4eHH.II: HMnynbCHblX ,[(T-reHepaTOpOB, YCTaHO­
BOK TepMO.llllepttoro CHHTeJa, a TaK*e B '.)KCnep11MeHTaX C 
.npyrHMH 11MrrynbCHblMH H CTaTl14eCKl1MH 11CT04HHKaMH 
ttei1TPOHHOro HJny4eH11.11. 
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TCOp1rn 11e11eHIIJI . .lJ,/1R pe311113au1111 )TIIX UC/lell npell/laraCTCJI p83B11Tb MCTOLIIIKY np11roTOB/1CHIIJI 'IIICTblX o6paJUOB 11a OCHOBC 11eq>0pM1tpoea1111btX Tl!lKC­

/lhlX -rpa11cypa110BblX JlllCp (
241

• 
243 

Am, 
253

· 
255

Es, 
255

• 
257

Fm) C IICn0/1b30B8111IeM HOHIIOil IIM!lJlallTal.Utll COOTBCTCTBytow.ux ttJOTOnoe B <f>eppoMarHIIT­
llble QlO/lbnl. 

SPIN-DEPENDENT ANGULAR ANISOTROPY OF ALPH-DECAY AND SPONTA EOUS FISSION OF ORIENTED TRANS­
URA 'IUJ\I NUCLEI (EXPERIMENT PROJECT)/ V. N. VYACIIIN, P. GERTSOG, G. M. GUREVICH, A. L. ERZINKYAN, A. A. LU­
KHANI , V. P. PARFENOVA, . EVERIJNS, Yu. G. TOPOROV, V. T. FILIMONOV // The goals of the considered project are as follows: a) 
investigation of relation between angular anisotropy of alpha-radiation and nuclear deformation and b) gelling of first accurate data on quantum numbers 
of fission channels that are needed to develop microscopic theory of fission. To realize these purposes ii is proposed to develop a technique of pure sam­

ples production based on deformed heavy transuranium nuclei (
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' 
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Am, 
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• 
255

Es, 
255

• 
257 

Fm) with the use of ion implantation of the corresponding 
isotopes 10 ferromagnetic foils. 

BBE.L{EHl1E 

B nocne.nH1-1e ro.nb1 rpynna i-iccne.nosaTenei:i 1-13 yH11B­
epc1-1TeTOe Jlei:ieeHa (6enbrl-1Jl) 1-1 6oHHa {fepMaH11ll) 
BblnOJlHHJJa HJMepeHHJl yrnoBOH aHHJOTPOnHH anbcj>a­
HJJlYlleHHll Ha opHeHTHpOBaHHblX ll.D.pax B pai-loHe CBI-IHUa 11 
Ha OJrrynOJlbHO .necj>opM1tpoBaHHblX ll.llpax B6JlH31-1 Pa [1-3]. 
fpynna 115111 PAH e MocKee nposo.nHJJa aHanor1-1YHb1e 
1-1JMepeH11ll Ha H.npax TPaHcypaHoeoii 06nacT1-1 [4]. B 
nepe4HCJleHHblX 3KCnep11MeHTaX HCnOJlb30BaJlHCb ycTa­
HOBKl-1 .llJlll H113KOTeMneparypHOH H.nepHOH opHeHTaUl111 
(510), pa60TalOllll-1e KaK B pe)l(HMe on-line, TaK 1-1 B pe)l(HMe 
off-line B Jlei-leeHe, MocKee H Ha HJOTon-cenaparnpe 
ISOLDE e U,EPHe, e coYeTaHHH c .neTeKTopaMH YacTHU, 
pa60Ta10LUHMH np1-1 TeMneparype )l(H.llKOro renHJl. CyLUeCT­
BYIOLUHe ycTaHOBKl-1 1-1 pa6o4HH onblT 3THX rpynn B 
KOM61-1Hau1-11-1 C YHHKaJlbHblMl-1 B03MO)l(H0CTHMl-1 nony4emU1 
04eHb Tll)l(eJlblX HYKJll-1.llOB B Hay4HO-HCCJJe.noeaTeJlbCKOM 
HHCTHryTe H.nepHblX peaKTopoe (Hl111AP) B ):\HMHTPOB­
rpa.ne 1-1 np1-1rOTOBJ1eHW1 o6paJUOB 3THX ttyKJll-1.llOB, np1-1-
rOD.HblX .llJlll 510 3KCnepHMeHTOB, MeTO.llOM HOHHOH 
HMnJJaHTaUHl-1 B PocCHHCKOM cj>e.nepanbHOM ll.D.epHOM 
ueHTPe-BHl1113<1> e Capose 1-1 B 6oHHCKOM yH1-1eepc1-1TeTe 
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noJBOJl$1IOT peanHJOBaTb HOBOe noKOJleHHe 3KCnep11MeH­
TOB no yrnOBblM pacnpe.neneHHllM anbcj>a-4aCTl1U H oc­
KOJlKOB cnoHTaHHOro .neneHl1ll OT op1-1eHT1tpoeaHHblX 
ceepXTll)KeJlblX ll.D.ep. 

Xorn anbcj>a-pacna.n 6b1J1 nepeoi:i 1-13eecrnoii cj>opMoi-1 
pam-t0aKTl1BHOCTl1, MexaHH3Mbl, onpe.neJJlllOLUHe 3Ha4eHHll 
Ha6mo.naeMblX anbcj>a-pacna.na, see eLUe He.nocTaT04HO 
llCHbl. 8 CaMOM .nene, .no CHX nop He y.nanOCb c.nenaTb 4eT­
KOro Bbl6opa cpe.n.1-1 paJJ1114HblX TeopeTH4eCKl1X Mo.neneii 
[5-7], npe.llJIO)l(eHHblX .llJlll on11caHHR KaK nOJJHOH eepOllT­
HOCTl-1 anbcj>a-pacna.na, TaK 1-1 yrnoeoro pacnpe.neneHHll 
anbcj>a-YaCTHU, 1-1cnycKaeMblX opneHTHpoBaHHblMH ll.llpaMH. 
HOBble .naHHble no yrnOBblM pacnpe.neneHHHM aJJbcj>a-
4aCTHU, HCnyCKaeMblX op1-1eHTHpOBaHH.blMl1 KBaJHccj>ep1-14e­
CKHMl-1 H.npaMH At, Rn, Fr H Bi [2] 11 CTaTH4eCKH .necj>opMH­
poBaHHblMl-1 ll,llpaMH Fr 1-1 Pa [3], nonyYeHHble He.naBHO 
rpynnoH JleiiseHCKOro 1-1 bOHHCKOrO YHHBepc1-1TeTOB, He­
CKOJlbKO ynyYwHJ111 3TY c1-1ryau1110. 

CpaeHeHHe nonyYeHHblX .naHHblX .llJlll n04Tl-1 ccj>ep1-14e­
CKHX ll.D.ep At, Rn 1-1 Bi C pa3Jll-14HblMl-1 MOD.eJlllMlt noKaJanO, 
'ITO TeopeTH4eCKOe npe.nn0J10)l(ett1-1e O cyLUeCTBOBaHl-11-1 
anbcj>a-KJJaCTepa e MaTepHHCKOM H.npe [5] HBJllleTCll, eepo­
HTHO, CJlHWKOM ynpoLUeHHblM .llJIH KBaJHCcj>epn4eCK11X 



n.nep. YIHTepnpeTallWI 3THX ,naHHblX B paMKax MO,neneH 

6onee M11KpOCKOnH4eCKOfO xapaKTepa [7, 8] noKaJana, '!TO 

Ha6mo,naeMbte yrnosb1e pacnpelleneHJ,ljl He C03llaJOTCSI 

ryHHen11posam1eM anbct>a-Yacrnll,br 4epe3 (cna6o) .necl>op­

MHposaHHblH KYJlOHOBCKHH 6apbep, a CKOpee onpe,neJlSIIOT­

CSI Jcl>cl>eKTaMH n.nepHOH CTpy1crypbl, KOTOpbre MO)KHO onH­

caTb 4Cpe3 sepOSITHOCTb o6paJOBallHSI anbct>a-LfaCT11U.bl Ha 

n.nepHOH nosepXHOCTH. B caMOM .nene, OnHCaHHe 11a6n10-

,naeMblX aHHJOTpOnHH .nnn At, Rn, Fr H Bi s paMKax npo­

cToil o60J104C4HOH MO.!l.CJlH, HCnOJlb3YIOWCH aMnnHry.ny 

sepOSITHOCTl1 o6paJOBamrn anbct>a-•raCTHUbl, nOKaJaJIO, 4TO 

3Ta MOllCJlb pa6oTaeT .!l.OBOJlbHO xopowo [2] . C .npyroi:i 

CTOpOHbl, .nnn .nect>opM11pOBaHHhlX H30TOnOB Fr H Pa cpas­

HCHl1C C TeOpHeH nOKaJano, 4TO Ha116onee Ba)l(HblM ct>aKTO­

pOM B MO.nenHpOBaHHH Mb<pa-attH30TpOnHH [3] SIBJlSleTCSI 

sepOSITHOCTb TYHHen11posaHl1SI anbct>a-4aCTHll,bl 4epe3 11e­

ct>opMHposaHHblH 6apbep, T. e. yrnosoe pacnpe.nenettHe 

anbct>a-4aCTHU .nnn 3THX SlllCP onpellCJlSICTCSI B OCHOBHOM 

ct>opMOH n.npa. bbln CllCJlaH BblBO.!l., 4TO yrnosoe pacnpe11e­

JlCHHe anbct>a-4acn1u, HcnycKaCMblX TSl>KCJlblMH opHeHTH­

posaHHblMl1 n11pa~1H, onpellCJlSleTCSI KOM6HHHposaHHhlM 

Jcl>cl>eKTOM n.nepttOH .nect>opMamrn (rytttten11posatt11e) H 

n.nepHOH CTpYlCTYJJbl (sepOHTHOCTb o6paJosaHHJt) npHl.feM 

OTHOC11TenbHhlH BKJ1a11 nocne.nttero ct>aKTopa so3pacTaeT c 

YMeHbWCHl1eM .nect>opMaU11H 11 .!l.OM~1HHpyeT .nnn n04TH 

cct>epH4eCKl1X SlllCp. 

B 3Tl1X 3KCnep11MeHTaX 6brnl1 nonyYeHbJ .naHHble np11-

MepHO .nnn llBallUaT11 n04Tl1 cct>ep114eCKHX n.nep, KOTOpble 

no3BOJ1HJ111 Yll)"-IWl1Tb Hawe nOHl1MaH11e 3a811CHMOCTH aJtb­

ct>a-aHl130Tpon1111 OT n.nepHoi-1 CTPYKTYPbl. O.nHaKo .nnn n.nep 

C Bbtpa)KCHHOH CTaTl14eCKOH 11ect>opMaU.HCH .naHHble, np11-

fO.!l.Hble .nnn KOJ1114CCTBeHHOtt l1HTepnpeTaU11H, cywecTBy-
221 

!OT TOJlbKO .nnn Tpex cny4aes: Fr (napaMeTp 11ect>opMa-

u1111 P2 = 0, 120), 
227 

Pa <P2 = 0, 173) 11 
229

Pa (P2 = 0, 190). 
CpasHeH11e 3THX .naHHhlX C TeopeT114eCKHMH ~10llCJlSIMH 

OCJlO>KHeHO np11CYTCTBHeM B 3THX n.npax 3Ha4l1TeJlbHOH 

OKrynOJlbHOH .nect>opMaU.11H. C 11pyroii CTOpOHbl, ,neTanbHOH 
241 

HHTepnpeTaUH11 He.naBHJ1X pe3ynbTaTOB .nnn Am [4] 11 

CTapblX pe3yJlbTaTOB rpynn 113 OK-P11.0.)Ka H EepKJIH [9] 
npenHTcTByeT 60JlbW3SI TOJlWHHa o6paJUOB, a B nocne,nHeM 

cny4ae TaK)Ke nnoxoe Ka4CCTBO l1MeBWl1XCSI B TO epeMSI 

.!l.CTCKTOpos. TaKHM o6paJOM, XOTSI ewe CaMaSI nepsan no­

nyct>eHOMeHOJ10rH4eCKaSI MO.llCJlb aHl130TpOnHoro anbct>a-

113ny4CHJ,tji [IO] CBS1Jb1Bana 3TO nsneHHe c n.nepHOH .nect>op­

Mam1eH, 3Ta CBSl3b .no Cl1X nop nOHSITa 04CHb HC.!l.OCTaT04HO 

H3-3a OTCYTCTBl1Jl 3KCnepHMCHTaJlbHblX .naHHhlX. 4T06bI 

6onee .neTanbHO HCCJlC.!l.OBaTb 3TO SIBJleHHe 11 npO.!l.Bl1HYTb 

Hawe noHHMaH11e npOHCX0)1(.!l.CHl1SI aHl130Tpomm B yrno­

BOM pacnpe.neneH1111 anbct>a-4acT11u, npe.nnaraeTcsi pacw11-

pHTb 11MelOW11HCSI Ha6op .naHHblX 3a C4eT TSl)KeJlblX TpaHC­

ypaHOBblX Slllep. Oco6blH 11HTepec B 3TOM OTHOWCHM11 
241 243 

npellCTaBJlSIIOT 11JOTOnb1 Am (P2 = 0,223), Am <P2 = 
= 0,224), 

253
Es <P2 = 0,236), 

255
Es (P2 = 0,226). 8b16pattb1 

napbl n.nep C 0.!l.HHaKOBblMl1 KOHcl>11rypaUl1SIMl1 OCHOBHOro 

COCTOSIHl1SI, 4T06bl 11CCJlellOBaTb BJ111JIHl1e Jcl><j>eKTOB Slllep­

HOi-1 CTpyKrypbl, Bbl3bl8aeMbIX .no6aBJ1CHl1CM llByx HeHTpO­

HOB, Ha aHl130TpOnHblH anbct>a-pacna.n .ne<j>opM11posaHHblX 

Slllep. KpoMe Toro, npe,nnO)KCHHble Slllpa He 11MelOT OKry-

45 

nonbHOA .nect>opMauH11, 4TO o6nerYaeT cpastteH11e TeopeTH-

4ecK11x MOlleJleH C 3KCnepHMeHTanbHbIMH .naHHblMH. HaKO-

Heu, 
241 

Am npe,nCTaBJlSleT oco6bIH HHTepec KaK CTaH,napT­

HOe npo6Hoe n.npo BO scex Teopent4CCKHX MOlleJlSIX 

attHJOTpOnttoro anbct>a-pacna.na L1ecl>opM11posaHHblX n.nep. 

B llOnOJllICHf,fC K BblWeynOMSIHYTblM si.npaM MO)KeT 6bITb 
255 

nonyYetta 1rncpopMau11n no anbcl>a-att11J0Tpomrn Fm (P2 = 
= 0,227) 11 

257
Fm (P2 = 0,227) s npouecce 11JMepeH11H aH(,f-

255 257 
JOTpom111 L1eneH11S1 Es 11 Fm (cM. HH)Ke). MO)KHO oT-

253 255 
MeT11Tb, •1To 1130TOnb1 Es 11 Fm 11Me10T caMy10 6onb-

wy!O 11ecpopMau1110 OCHOBHOro COCTOSIHHSI 113 scex aJtbcpa­

~13ny4alOWlfX n11ep. 

51.nepHoe .neneH11e HJy<taeTCSI Y'A<e 6onee 60 neT, HO 

see ewe cny)K11T o6beKTOM 6onhworo 1111Tepeca. np11'rn­

Ha~rn 3TOro SIBJlSIIOTCSI 11CKJl10411TeJlbHOe rrpaKTl14eCKOe 

311a4eHHe .neneH11J1 .nnn rrpo113so.ncrsa :rneprn11 11 6onbWaH 

CJlO)KHOCTb :noro SIBJleHIISI. Xorn lleJ1eH11e 6blJ10 H rrpo.non­

)KaeT OCTaBaTbCSI 06beKTOM orpOMHOfO KOJ1114eCTBa np11-

KJl311HblX 11ccne.nosaH1111A, .no c11x nop He cywecTByeT reo­

peT111.1ecKOH MO.nen11, 11a10weH T04HOe KOJ1114eCTBeHHOe 

peweHlfe CJlO)KHOi-1 MHOf04aCTl1l(HOH npo6neMbl, KOTopylO 

npe,nCTaBnSICT co6oA SIBJ1ett11e ,i,nepHoro lleJleHltSI C ero 

MHOrHMH CTeneHJJMH cso60.nb1. TTo)KanyH, HaH60J1ee yc­

newttoi-1 .no HaCTOSIWCfO speMCHJ1 SfBAAeTCSI Mo.nenb, KOTO­

pan rrpe,nCKaJblBaeT cywecTBOBaH11e pa3Jll14HbIX 11eJ1HTeJ1b­

HblX KaHaJIOB, COOTBeTCTBylQWHX pa3JlH4HblM MO,naM .nene­

HHJI [ 11 , 12]. Ann pa3Bl1THSI M11KpOCKOn114CCKOH Teop1111 

HllepHoro .neneH11J1 Tpe6yeTcn JHaH11e nOJ1Horo Ha6opa 

KBaHTOBblX 'IHCen, on11Cb1Ba10Wl1X COCTOSIHHe .nennwerOCSI 

si.npa (cmm, 4CTHOCTb, npoeKUJ,ljl K cn11Ha Ha OCb CHMMeT­

p1-111 n.npa). }].nn nonyYeHJ,ljl TaKOH 11HcpopMau1rn Heo6xo.n11-

Mb1 3KCnep11MeHTbl C opHCHTlfpOBaHHblMl1 .nenSIW11MHCSI 

n.npaMH. O)1(11.llaeTCSI, lfTO HaH6onee 0.!l.H03HaLJHble 11 Henpo­

THBope411Bbie ,naHHble MO)l(HO nonyl.fHTb, Hccne.nyn yrnosoe 

pacnpe.nenem1e OCKOJlKOB cnOHTaHHOfO lleJleHHSI OT op~teH­

THpOBaHHblX csepXTSl)KeJlbLX n.nep, nOCKOJlbKY B 3TOM cny­
qae .nennweecSI n.npo HaxO,nHTCSI B OCHOBHOM COCTOSIHl111. 

TaK11e 3KCnep11MeHTbl co cnOHTalIHO .neJlSllllHMHCSI Sl.ll­

paMH ewe He nposo,nHnHCb . .D;o cHX nop yrnosb1e pacnpe­

.neneHHSI OCKOJlKOB H3MCpRI111Cb TOJlbKO .nnn HH.nyu.11posaH­

HOrO HCHTpOHaMH .neneHl1SI HCCKOJlbKHX op11eHT11posaHHbIX 

(BblCTpOeHHblX) n.nep o6nacrn aKTHHOH.llOB [13, 14]. rnas­

HblH pe3yJlbTaT 3THX pa6oT COCTOSIJl B TOM, 4TO 113MepeH­

Hbie yrnOBblC pacnpe.neneHHSI COOTBeTCTBYIOT B OCHOBHOM 

.neneH~1IO 4epe3 KaHaJtbl C K = I , 2. 3-roT pe3yJlbTaT nponi­

sope4HT .naHHbIM 3KCnepHMeHTOB no <j>OTO)leJ1eHl1IO .nnn 
Tex )Ke caMblX KOMnayHll-Sl.!l.ep npH TaKl1X )KC 3Hepnrnx 

B036y)K.lleHHSI, KOTOpble y6e)lHTeJlbHO n0KaJaJIH, 4TO HaH­

Hl13W11e KaHaJtbl )leJleHl1Jl COOTBeTCTBylQT K = 0. TaK11e 

npon1BopeY11J1 11Me10T .nocTaT04HO 06w11i1 xapaKTep. Ott11 

B03Hl1KalOT, ttanpHMep, npH nOTTbITKax on11caTb H)lCHTl14-

HOH CTpYKTYPOH KaHanos .neneHJ,ljl ceYeHJ,ljl H yrnosbre 

pacnpe.neneHl1Jl OCKOJlKOB .nnn 0.!l.HMX ~I Tex )KC KOMnayHll­

n.nep, TTOJly4aeMblX B peaKUHJIX (y,.I) 11 (I, pf) Ha 6eccn11HO­

BblX M11WCHSIX 11 B peaKU.HSIX (n,f) 11 (d, pf) C SIJlpaM11, 

KMelOW11Ml1 HeHyneBOH CnHH. 

n110HepcK11e 3KCnepHMCHTbl no aHl130TpOnl1H cnoH-
255 257 

TaHHOfO )lCJleHHJI Es 11 Fm n03BOJ111JlH 6bI CHSITb rrpo-



THBOpe'-IHJI B HHTepnpeTllUHH cymecTBylOUH0C 3KCnepH­

MeHTllJlbHblX ,naHHblX, Bbl3BaHHbte rnaBHblM o6pa30M HX 

HenOJJHOTOH. 8 .nonOJJHeHHe K 3TOMY MO>KHO O>KH,!laTb no­

JJYlleHi'UI HOBOH l1HQ)OpMau1rn O "nepeXO.!lHblX 3Q)(peKTllX", 

npe,nCKa3aHHblX .!lJlll 3TOH 06J1aCT11 ll.D.ep (nepexo.n OT .!lBY­

rop60H K O,!lHOrop60H cpopMe 6apbepa ,neJJeHHJI, OT acHM­

MeTPH4HOro K c11MMeTPH4HOMY .neJ1eHH10, pocT BKJJa.na 
257 

o60JJ04e4HblX 3<p<peKTOB). B caMOM .n.ene .!lJlll ll.!lpa Fm, 

KOTOpoe KaK pa3 COOTBeTcTByeT nepexo.ny OT aCHMMeTPWI­

HOfO K CHMMeTPl{llHOMY ,neJJeHl110, 3KCnepHMeHTllJlbHO HJ­

MepeHH0e OTHOWeHHe nl-lK - .!lOJlHHa B aCHMMeTpH'-IHOM 

pacnpe.nenem11-1 OCKOJJKOB no MaccaM coCTaBJ1J1eT 1,5, To-
256 258 

r.na KaK .!lJlll Fm OHO paBHO 12, a Fm ,neJJHTCJI Cl1M-
255 

MeTPl14HO [ 15]. ,lvlll Es JTO oTHoweH11e JJe)l(HT B npe.ne-
253 

11ax OT 5 .no 30, a .!lJlll Es OHO y-A<e paBHO 326 [ 15], TaK 
255 

'-ITO Es COOTBeTCTByeT npoMe>KYTO'-IHOMY CJJy4alO. 

KpoMe JToro JKcnep11MeHTbl no aH11JOTPon1111 cnoH­

TaHHOro .neneHHJI Heo6xO,!l11Mbl .!lJ1JI aHam13a BOJMO>KHO­

CTeH JKcnep11MeHTaJ1bHOH npoBepK11 rnnoTe3bl HecoxpaHe­

HHJI 1.feTHOCTH B cnOHTllHHOM ,neJJeHl111. J,fay4eH11e 3<p<peK­

T0B HecoxpaHeHHJI 1.feTHOCTH B yrnoBOM pacnpe,neJJeHHl1 

OCKOJlKOB cnOHTllHHOrO ,neJ1eHl1JI cymecTBeHHO .!lJlll npo­

BepK11 TeopeTH4eCKKX npe,nCKa3aHl1H O Cl1JlbHOH 3aBl1Cl1MO­

CTl1 BblCOTbl 6apbepa ,neJ1eHl1JI OT 4eTHOCTl1 11 0 HaJll14Hl1 

pe30HaHCHOro 3<p<peKTa, CBH3aHHOro C cymeCTBOBaHl1eM 

KBaJ11ypoBHeH BO BTOpOH nOTeHU11aJlbHOil JIMe [ 16]. 

nPHfOTOBAEHHE 06PA3UOB 

,lvlll np11rOTOBJ1eH11H HCT04 Hl1KOB, np11rO,!lHblX ,!lJlJI 

510 3KCnep11MeHTOB C aJ1b<pa-HJJ1y'-lal01Ul1Ml1 11 cnoHTaHHO 

,neJ1J1LUl-iMl1CJI TPaHcypaHOBblM11 ll.!lpaMl1, Heo6XO.!ll1MO 11c­

noJ1bJOBaTb cneu11anbHble MeTO,!l11Kl1. Bo-nepBblX, 3Tl1 1130-

TOnbl noJJy'-lalOT TOJlbKO B MaJlblX KOJ111'1eCTBax 11 Bcer.na B 

CMec11 C .npyr11M11 1130TOnaMl1, 4TO TPe6yeT cneu11anbHblX 

MeTO.!lOB pa3.D.eJJeHHJI 11 0lll1CTKl1. BO-BTOpblX, cne.nyeT no 

B03MO>KHOCTH lfCKJII0'-111Tb pacceJIHl1e a.Jlb<pa-4aCT11U 11 oc­

KOJlKOB B o6pa3ue, TllK KaK OHO np11BO.!ll1T K cepbeJHOMY 

11cKa>KeH11t0 11JMepJ1eMoro yrnoBoro pacnpe.ne11eHHJ1. TTo­

JTOMY cne.nyeT 11CnOJlb30BaTb O'leHb TOHKl1e 11CT04Hl1Kl1, B 

KOTOpblX aKT11BHOCTb pacno11o)l(eHa Ha rny611He 50-100 A 
OT noBepXHOCTl1 !p0Jlbrl1. C .npyrori CTOpOHbl, He>KeJJaTeJlb­

HO, 4T06bl aKTHBH0CTb pacnonara.nacb CJll1WK0M 6Jll13KO K 

noBepxHocrn, nocKOJJbKY B np1moBepxHOCTHoil 0611acrn 

Kp11cTa.nJ1H'lecKaJ1 CTPYKTYPa o6paJu.a M0>KeT 6b!Tb 11cKa­

>KeHa, a 3T0 np11Be.neT K yMeHbWeHmO CTeneHl1 Jl,!lepHOH 

op11eHTau1111. TaK11e 11CT04Hl1KH M0fYT 6b1Tb 113f0T0BJleHbl 

T0JlbK0 110HH0H HMnJJaHTaU.11eH np11 YCKOplllOIUeM Hanpll­

>KeHl111 OT 50 .no 100 KJB, Hanp11Mep Ha 3JleKTp0MarHl1THblX 

1130T0n-cenaparnpax B PoCCl1HCK0M cpe.nepa.nbHOM Jl,!lep­

H0M ueHTPe- BHl1113<I> B CapoBe 11 B 6oHHCKOM yH11Bep­

c11reTe (fepMaHHll). 

,lvlll np11roTOBJ1eHl1JI '111CTblX npenapaTOB Am BO 

B Hl1113<1> ycnewHO 11cnOJ1b30BaJJaCb KOM611HaUHJ1 pa.n110-

Xl1Ml1'1eCKl1X MeTO.!lOB 11 3JJeKTP0MarHl1THOH Macc-cenapa­

U1111 [ 17, 18], KOTOpall n03BOJ11-iJla nOJJY411Tb 1130T0nl14eCK0e 
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241 243 
o6orameHue 99,6 % .!lJlR Am 11 99,2-99,94 % .!lJlll Am. 

3neKTPOMarn11THb1i:\ Macc-cenapaTop C-2 6b111 cneu11anbHO 

CK0IICTPYl1POBaH .!lJlll pa3,neJJeHl1JI a.Jlb<pa-aKTl1BHblX 1130TO­

noB. Mbl npe.nno11araeM 11cnoJ1bJOBaTb ero .!lJlll np11roTOB-
24 I 243 

JJeHl1JI IIMn.JlaHrnpoBaHHblX o6pa3UOB Am 11 Am .!lJlll 

510 3KCnep11MeHTOB. ,lvlll 3Toro aKTl-iBHOCTb B cpopMe 6eJ­

BO,!lHOro TP11x11op11.na Am noMemaroT B rnreJJb 110HHOro 

11CTQl(Hl1Ka 1130TOn- cenapaTopa, a Ha MeCTO np11eMHIIKa 

00MelUalOT cneu11anbH0 no.nroTOBJleHHYIO )l(eJJeJHYIO 

!pOJJbry, B KOT0pyio IIMnJJaHTHpyeTCJI 11CCJle,nyeMblH 1130-

T0O. 4T06bt He BbtJBaTb pa3pyweH11J1 CTPYKTYPbt Kp11cTan­

m1YeCK0H peweTKl1 >KeJJeJa 11Mn.JlaHTaU110HHaJI .!l03a B 3KC­

nep~tMeHTaX TllK0ro Tl10a He ,!l0Jl)l(Ha, KaK npaBl1J10, npe-
14 2 

BbtWaTb IO 110HlcM • 3To TPe6yeT noHH>Kemtll pa6o1.fero 

T0Ka Macc-cenaparnpa C-2, K0T0pbttt .D.OCT11raeT 1 MA, Ha 

HeCK0JlbK0 nopll.!lKOB. TaK, np11 TOKe I MKA YKaJaHHaJI 1-tM­

nnaHTaUl10HHaJ1 .noJa Ha611paeTcJ1 Bcero Ja 1 c. TToJTOMY 

Heo6xo.n11Ma HeKOT0pal! Mo.nepH11Jau11J1 Macc-cenaparnpa, 

K0T0pal! n03B0Jll1T 11cn0J1bJ0BaTb ero .!lJlH n0JJYlfeHHJI o6-

pa3U0B C TPe6yeMblMH xapaKTep11CTHKaM11. OCHOBHbte pac­

na,nHbte CB0HCTBa 1130T0n0B Am 11 paC'-leTHbte xapaKTep11-

CTl1Kl1 o6pa3UOB .!lJlll 510 3KCnep11MeHT0B np11Be.neHbl 

B Ta6n. 1. 

Ta61111ua 1 

CBottcTBa 11J0TonoB Am 11 xapaKTep11crnK11 o6pa3UOB .!lJlll 

510 3KCnepHMeHT0B 

napaMeTJ) 

T1 12 

t 
% a 
% SF 
%p-

1'1cc.qe.nye~tblH a-nepexo.n: t' 
J1tepntH 

6pJH'IHHr 

Tpe6yeMaH 8KTl1BIIOCTb HC-

TO'IHHKa: 

'IHCJIO a -'IBCTHU B ceKy H.!ly 

432,2 JI 

5/r 
100 

4 3.10- 10 

' 
0 

5/2 
5485.60( 12) ICB 

85.2(8) % 

15 HKH 

555 

243Am 

7370 JI 

5/r 
100 

3.7-10-9 

0 

5/2 -

5275,3( I 0) K'.38 

87,4(4) % 

1 HKH 

37 

4T0 KacaeTCJI o6pa3UOB Es 11 Fm, TO noJJy4eHHe C00T­

BeTCTBYIOlll11X al(T11BHOCTeH B ,!lOCTaT0'IH0 '111CT0H cpopMe 

npe.nnon araeTCJI npoB0.!lHTb B Hl1HAP (A11MHTPOBrpa.n), 

a Macc-cenapauHIO H 11MnJJaHTaU.11IO 3THX aKTHBH0CTeH C 

uenbio nonytteH11J1 o6pa3UOB .!lJlll 510 11JMepeH11fi - B 6oHH­

CKOM YH1-tBepc11TeTe. 
253 25S 257 ~ 

vlJoTOnbt Es, Es 11 Fm M0>KHO nony4HTb He11-
2s2 

TP0HHblM 06ny'-leH11eM Cf B J1,nepH0M peaKTope c nocne-

.ny1ow.11M pa.n110Xl1Ml1'-1eCKl1M pa3.neneHHeM HaK0n.JleHHblX 

Es 11 Fm 11, B0JMO>KHO, c noeTopHbtM 06J1ytteH11eM nony-
4eHHOH aKTl1BH0CTl1 .!lJlll l-i3MeHeHl1JI ee 1130T0nHoro COCTaBa. 

Bee TP" 11J0Tona MO>KHO n0JJY411Tb, 11cnonbJyJ1 cne,nyJO­

LUYJO cxeMy HaKonneH1-tJ1: 

1-H JTan - HaK011J1eH11e Cf np11 06ny'-leH1111 CMec11 Tll­

>KeJJblX 11JoTonoB Cm; 



2-H 3Tan - pa.n11OXHMl14eCKOe Bbl.UeJJeHHe HaKOITJleH­

HOrD Cf, OHO 3aHMeT OKOJJO 60 .UHett H o6ecne'-IITT cne.uyIO-
- 249 250 

LUHH 113OTOITHbll1 COCTaB: Cf(O,49%) - Cf(l4,6J%)-

251Cf(5,65 %) -
252

Cf(78,92 %) -
253

Cf(O,O8 %) -
254

Cf(O,23 %); 

3-tt 3Tan - o6.ny4eHHe I Mr Cf c ueJJblO HaKonJ1ettIui 

Es H Fm, OHO 3ai1MeT OKOJJO I 00 .UHeil 11 .uacT 0,42 M Kr Es; 

4-H ::nan - pamIOXHMH4eCKOe BbI.UeJJeHHe HaKonJJeH­

HhlX Es H Fm (OKOJJO 60 D,Heil), 113OTOITHblH COCTaB Es no-

cne x11Mnepepa60TKH: 
253

Es (84,9 %) -
254

gEs (5,5 %) -
255

Es(9,6 %); 

5-il 3Tan - o6JJy'-leHHe Es .umI yaen11'leHHll .uonH 
255

Es, 
253 255 

aKTHBHOCTb C paBHblM co.uep)KaH11eM Es H Es (no 

47 %) nony'-laeTCll nocne JI .UHll 06JJY4eH11ll, a aKTHBHOCTb 

c co.uep)KaHHeM 
255

Es BbIwe 99 % - nocJJe l 00 .unei1 o6ny-

4eHHH. 

Bell npoue.uypa HJIH OT.UeJJbHbie JTanbI 6y.uYT noeTo­

peHbI HeCKOJJbKO pa3 e npouecce no.uroTOBKH H npoee.ue­

HHJI 3KCnepHMeHTOB. H1MeHeHHe H3OTOnHoro COCTaea Es 11 

KOJJH'-lecTBa 
255

Es e npouecce o6ny4eHHH (5-i1 3Tan) npe.u­

crneneHbI Ha pHC. I 11 2. 

100 

90 -- --
80 

~ 70 
.,;-

60 UJ ., 
::.: 
:,:: 

50 ., 
:E 
C. 

40 

i¾ 30 
0 u 20 

10 

0 
0 20 40 60 80 100 120 140 160 180 200 

BpeMll 0611y'leHHJ1, Jcj>. cyr 

PHC. I. l-13MCHCHHC HJOTOmmro COCTaBa Es B npouecce HCi:!TpOH­
HOro 0611y'leHJoU1 

45 

40 

35 
I-. 
:,:: JO 

I --
~ -I - ,_ ~- - --

.,;-
LU 15 

"' "' "' 20 ., 
0 15 0 

"' 2 10 

5 

- ~ -

I "'-
~ - - - ·-- - -

I 
........__ --

i 1--
0 

Cl 20 40 60 80 100 120 140 160 l~O 200 

BpeMll 06ny'le1tHJ1. Jcj>. cyr 

PHC. 2. l-1JMCHCIIHC MaCCbl 
255Es npH 0611y'ICHHH )HHWTCi:!HHll 

47 

mill npHrOTOBJleHH$! o6pa3UOB Es H Fm, npHrO.UHhlX 

.llJlll JIO 3KCnepHMeHTOB, rrnaHHpyeTCll 11CITOJlb3OBaTb 06-

WHpHblH OITbIT rpynnbl HJ bOHHCKQro YHHBepCHTeTa B 

Macc-cenapauIrn 11 110111-IOH 11MITJlaHTaUHH H3OTOITOB TH)Ke­

JlbIX 3JleMeHTOB C npI1MeHeHHeM TOplUI B Ka,IecTBe HOCHTe­

Jlll. AKTHBHOCTH Es 11 Fm e cpopMe OKc11.uos 6y.uYT m160 

OCa)K.ueHbl Ha TOpHesyIO cj>OJJbry, JJH6o c111ewaHbl C nopow­

KOM OKCH.Ua TOpHH 11 3arpy)KeHbl B HOHHblH 11CT04HHK 

( c nosepxHOCTHOH HOHHJauHei1) 11JoTon-cenapaTOpa. no­

CKOJJbKY Macca TOpHll (A = 232) 3Ha411TeJlbHO OTJll14aeTCll 

OT MaccbI H3OTOnos Es 11 Fm, TOp11i1 1-1e 6y.ueT npHCYTCTBO­

saTb B Ka,IecTBe npHMeCH B HMJJaHTHposaHHblX 06pa1uax. 

KpoMe Toro, B rrpouecce 11MnJJaHTaUHH MOlKHO MOHHTOpH­

posaTb 11HTeHCl1BHOCTb ITY4Ka HOHOB TOpHll .llJlll OITTl1MH3a­

UHl1 TpaHcnopnrpOBKH ny4Ka Bbl.UeJrneMbIX 113OTOITOB OT 

HOHHOro HCTO4HHKa K HMnJJaHTaUHOHHOH cj>OJJbre. 1-ittTeH­

CHBHOCTb np11roTOBJleHHbIX HCTO'IHIIKOB Es 11 Fm MO)KHO 

KOHTJ)OJJHpOBaTb, perHCTPHPYll aJJbcpa-4aCTHUbl Es H Fm 
.ueTeKTopaM11 Ha OCHOBe KpeMHl1eBblX PIN-.u110.uos, ycrn­

HOBJJeHHblMl1 OKOJJO cj>OJJbrll. Ilpo6Hble 11MnJJaHTaUHH 
257 

6y.UYT Ha4aTbI c Fm, nocKOJJbKY 3TOT 11JOTon HMeeT 

Hal160JlbWee epeMll )KHJHH, '-ITO o6ecne4lff )lOCTaTO4HOe 

epeMll .llJlll OITTl1Ml13au~rn npoue.zrypbl pa3.UeJJeHl1ll H3OTO­

noe 11, TeM He MeHee, nOJBOJlHT nOJJY4lffb ewe .UOCTaTO4HO 

CHJlbHblH 11CTO4Hl1K .llJ!JI 510 3KcnepHMeHTOB. TTOCKOJJbKY 

Fm 11 Es HMelOT aHanOrH'-IHbJe Xl1MH4eCKHe CBOHCTBa, 

O)1(11.UaeTC.ll, 4TO OnbIT, HaKonneHHblH B npouecce HMITJJaH-
257 

TaUHH Fm, MO)KHO 6y.ueT IICITOJlb3OBaTb B xo.ue OnTHMH-

3aUJ•IH IIMITJJaHTau11OHHOH 3cpcpeKTl1BHOCTl1 .llJ!JI Es, KOTOpaH 

e peJyJJbTaTe no-rpe6yeT MeHbwe epeMeHH. TeM He MeHee 

BHa'-lane 6y.ueT npoeo.uHThC.ll pa6orn c 6onee .uonro)KHBY­

w.11M 
255

Es. 

KaK y)Ke ynOMl1HaJJOCb, aKTHBHOCTH 6yJlYT HMITJJaHTH­

poeaHbl B cj>OJlbrH HJ 411CTOro )KeJJeJa, B KOTOpOM O)1(11J(.a­

lOTC.ll 60JJbWHe JHa'-leHHH MarHl1THOro ceepXTOHKOro noAA, 

oco6eHHO .llJlll Es 11 Fm. Eonhwoe pe3ynbTHpyIOmee ceepx­

TOHKoe B3al1MO.UeHCTBHe o6ecne4HT BblCOKHe CTeneHH 

ll.UepHoi-1 opHeHTauirn. ~ o6ecne4eHl1JI xopowett Iqm­

CTaJ1J11t4eCKOH CTJ)YKTYPbI 3THX <ponhr s rrp1moeepxHOCT­

HOH 3OHe, r.ue pacnonaraIOTC.ll HMITJlaHntpyeMhle aKTHBHO­

CTH, HCnOJJb3YeTCll cneUHaJJbHaH npoue.uypa HX np11roTOB­

J1eHfotll. nocJJe neperrnaeJJeHl'UI )KeJJe3a BbJCOKOH 411CTOTbl 

noJJy4eHHYIO 3aroTOBKY npoKaTbIBa10T .uo no.ny4eHHH 

q>OJJbrH -rpe6yeMOH TOJlLUHHbl. 3aTeM q>OJJbry no.usepralOT 

MexaHH'-leCKOH nOJJHpOBKe H HaKOHeu. OT)KJlralOT B BaKYYMe 

np11 BbICOKHX TeMnepa,ypax. 

B Ta6n. 2 npHse.ueHhl OCHOBHbie pacna.UHble xapaKTe­

pHCTHKH pacc111a-rpIrnaeMblX 113OTOITOB Es H Fm, CBOHCTBa 

HJy4aeMbIX aJJbq>a-nepexo.uoe, a TalOKe pac4eTHbie xapaK­

Tep11cTHKH o6pa3U.OB .llJl,SI 510 H3MepeHHH H OCTaTO4Hble 

aKTIIBHOCTH B H3OTOn-cenaparnpe (B npe.unoJJO)KeHHl1, 4TO 

ero non Hall 3cp<peKTHBHOCTb COCTaBJl.lleT 0, I %). Cne.uyeT 

OTMeTl1Tb, 4TO .uo CHX nop Hl1 npHrOTOBJleH11e aKTHBHOCTeH 

Es 11 Fm e qiopMe, np11ro.uttoi1 .un.si 3neK-rpo111arn11rnoi1 113O­

Ton-cenapamrn, HH caMo pa1.ueJ1eH1-1e 3THX JJJeMeHTOB He 

6b1Jl0 pean11JOBaHO. 



Ta6m1ua 2 

Ceolkrna HJOTonoe Es 11 Fm 11 xapaKTep11cT11K11 o6paJUOB AIU! 510 HJMepeHHH 

TTapaMeTp 253Es 

T112 20,47(3) AH 

!" 7/2+ 

%a 100 
%SF 8, 9(3 )- I 0-6 
%p- 0 

HccneAyeMbJH a-nepexoA: !" 7/2+ 

JHepn111 6632,6 KJB 

6pJH'IHHr 89,8(2) % 

Tpe6yeMaJJ aKTHBH0CTb HCT0'11111Ka: 1011K11 

'IHCJl0 a-'laCTliU B ceKyH.llY 370 

'IHCJl0 0CK0JlK0B B ceKyH.ny 3,3· 10-4 

OCTaTO'lllaJI aKTHBH0CTb B Mace-

cenapaTOpe : 
249

Cf(35 I n) HJ0T0n 

'IHCJl0 a-'laCTHU B ceKyH.llY 59 
'IHCJl0 0CK0JlK0B B ceicyH.ny 2,6-10-7 

M3MEPEHIDI 

KatJecrno HJroToeneHHbIX o6paJuoe Am, Es 11 Fm on­

peJJ.em1eTCJ1 JJ.OJJeH HMnJJaHrnpoeaHHblX aTOMOB, KOTOpble 

pacnonaraJOTCll B y:max KpHCTaJJJlH'leCKOH peweTKH B )l(e­

JJeJHOH cpOJJbre. 3Ta JlOJlll Jl0Jl)l(Ha 6b1Tb MaKCHMaJJbHOH, 

lJTO COOTBeTCTByeT MaKCHMaJJbHOH eeJJHl.JHHe op11eHTH· 

PYIOIUero MarHHTHOfO ceepxTOHKOfO B3aHMOJJ.eHCTBHJI. 

.[ljJl! npoeepKH Ka'!ecrna nonytJeHHblX o6paJuoe Heo6xo­

JJ.HMO npoeeCTH C HHMH 510 JKCnep11MeHTbl. np11 JTOM yKa­

JaHHall JlOJlll HMnJJaHTHpoeaHHblX aTOMOB onpeJJ.eJJl!eTCll HJ 

113Mepl!eMOH yrnoBOH aH1iJOTJ)On1111 Jl.Jljj xopowo 113BeCT· 

HblX a-, ~- H y-nepeXOJJ.0B B pacnaJJ.e ~IMnJJaHTHpoeaHHblX 

H30Tonoe Am, Es H Fm HJJH HX JJ.OtJepHJ,lX H30TOnOB . .[ljJJI 
3TJ,tX H3MepeHHH o6pa3Ubl 3arpy)l(alOT B pecppH)l(epaTOp 

3 4 
pacrnopeHHJI He - He, e KOTopoM l!JJ.pa op11eHTHpy10T 

MeTOJJ.OM HH3KOTeMnepaTYPHOH l!JJ.epHOH OpHeHTaUHH. 

3TOT MeTOJJ. OCHOBaH Ha HCnOJlb30BaHHH Te~rneparyp B 

MJ,lJlJJHrpaJJ.yCHOM JJ.HanaJOHe B KOM611Hau1111 co ceepxTOH· 

KHM B3aHMOJJ.eHCTBHeM Me)l(JJ.y MarHHTHblMH MOMeHTaMH 

l!JJ.ep H ceepxTOHKHM MarHHTHblM noneM, J).eHCTBYIOlUHM Ha 

HHX B MaTJ)HUe )l(eJJeJa, B KOTOPYIO OHH HMnJJaHTHp0B8Hbl. 

.[ljJll 60JlbWHHCTBa 3JleMeHTOB rpynnbl aKTHHOHJJ.OB 0)1(11· 

J).alOTCll OtJeHb 60JJbWHe BeJJH'lHHbl ceepXTOHKOro nOJJll, 

onpeJJ.eJJJleMble CJ,lJlbHblM MarHeTHJMOM 11X 5f-JJJeKTJ)OHOB, 

no aHaJJOrHH c peJJ.KOJeMeJlbHblMH JJJeMeHTaMH (4f-JJJeKT­

pOHHble o6oJJ04KH). PecppmKepaTOpbl pacrnopeHHll Jl.Jlll 510 
JKcnep11MeHTOB cpyHKUHOHHpylOT e 1151H PAH [ 19], e 

Jlei1eeHCKOM H 60HHCKOM YHHBepc11TeTaX. B TaKHX 3KCne­

pHMeHTax Jl.Jlll perncTpau1111 y-11JnytJeHJ,lll 11cnonb3y10T 

Ge(Li) JJ.eTeKTOpbl 60JJbWOrO o6beMa HJ111 JJ.eTeKTOpbl Ha 

OCHOBe repMaHHll BblCOKOH 411CTOTbl. .[ljJJI 113MepeHJ,lll 8Hl1-

30TpOnl1H a- H ~-tJacrnu, 11cnyc1<aeMblX op11eHrnpoeaHHbl­

MH l!JJ.paMH, np11MeHS1IOT KpeMHHeBble PIN-JJ.HOJJ.bl, KOTO-

48 

255Es 

39,8( 12) .llH 

(7/2+) 

8,0(4) 

4.5(3) · I 0-3 

92,0(4) 

(7/2+) 

6299.3 roB 

7,02(35) % 

100 11K11 
296 

0,152 

251 
Cf(8~8 n) 

444 
0 

255Fm 

20,07(7) 'I 
7/2+ 

100 

2,3( 14) · 10-5 

0 

7/2+ 

7015.8 KJB 

93,4(3) % 

A0'lepllHH 

H30T0n 
255Es 

100,5(2) AH 

(9/2+) 

99,790(5) 

2.10(5) · 10- 1 

0 

(9/2+) 

6520(2) KJB 
93.7(7) % 

10 HKH 

370 
0,777 

249Cf(35 1 n) 
303 

1,3-10-6 

pb1e MOHTHpyJOT e pecppJ,[)l(epaTOpe pacrnopeHHJI noJJ. pa3-

HblMH yrnaM11 OTHOCHTeJlbHO OCH l!JJ.epHOH opHeHTaUl111 

BHYTPH paJJ.11au110HHOro 3KpaHa, HMelOll.lero TeMneparypy 

)1(11J).KOro reJJHll (20]. TTp11 3TOH TeMneparype JHepreTH­

tJeCKOe pa3peweH11e TaKHX JJ.eTeKTopoe COCTaBJllleT OKOJJO 

3 KJB Jl.Jlll ~-tJacrnu c JHeprnew I M38 11 OKOJJO 20 KJB 

Jl.Jlll O'.-'l8CTHU C JHeprneH 6 MJB. Jl:eTeKTOpbl TaKOrO rnna 

HCnOJJb30BaJJHCb B JKCnep11MeHTaX B Jlei:ieeHCKOM yH11Bep­

c11TeTe 11 e 115111 PAH. 

Ecn11 npeJJ.Bap11TeJ1bHble 113MepeHHll nOKaJblBalOT, 'ITO 

KatJecrno o6paJua xopowee JKcnep11MeHT MO)KHO npo­

JJ.OJJ)l(HTb, 113Mepl!ll aHH30TpOnHIO aJJbcpa-4acrn_u Ii OCKOJJ­

KOB cnoHTaHHOro J].eJJeHHll. 8b1weynOMllf1YTble KpeMHHe­

Bble PIN-JJ.HOJlbl HJJ.eaJJbHO nOJJ.XOJI.JIT Tal()l(e H Jl.Jlll perHCT· 

pawrn OCKOJJKOB, 3HeprnR KOTOpblX o6bllJHO JJe)l(l1T B 

JJ.HanaJoHe OT 50 JJ.O I 00 MJB. 3an11cbrnaeMb1e JHeprern­

tJeCKHe cneKTJ)bl np11 JHeprHRX, COOTBeTCTBYIOll.lHX perncT­

p11pyeMblM aJJbcpa-tJacrnuaM 11 OCKOJJKaM J].eJJeHHll, He co­

JJ.ep)l(8T OTCtJeTOB, CBl!3aHHblX C cpOHOBblM H3JlY'leHHeM, TaK 

'ITO JJ.a)l(e np11 MaJJblX CKOpOCTllX CtJeTa MO)l(HO 06ecne•111Tb 

xopow11e 3KCnep11MeHTaJJbHble T04HOCTl1 Jl.Jlll 113MeplleMblX 

yrnoeb1x pacnpeJJ.eJJeHHH. B pecpp11)1(epaTOpe JleiiBeHcKoro 

YHHBepc1-1TeTa TpH .neTeKTopa 4aCTHU ycraHOBJJeHbl noJJ. 

yrJJaMH 0 = 0°, 55° H 90° OTHOCHTeJJbHO OCH l!JJ.epHOH OpH­

eHTaUHH (coena.na10mei1 c HanpaeneH11eM eHewHero Mar­

HHTHoro nOJJll). TeneCHblH yron Ka)l(J).QfO JJ.eTeKTOpa co­

CTaBJll!eT OKOJJO I % OT 4n. CKopocrn c4era N(0) M3Mepll­

lOT Jl.Jlll op11eHrnpoeaHHblX (N(0)cold npH T 5. l 00 MK) 

H Heop11eHTHpoeaHHblX (N(0)wann npH r > I K) l!JJ.ep. AHH· 

JOTpOmiJI np1-1 JJ.aHHOH TeMneparype TpaeHa 



r.ne W(0) - <PYHKUIHI yrnoeoro pacnpe.ne11eHIUI (20], KOTO­

prui HMeeT BH.!l 

W ( 0) = I + / L Ak Bk Qk pk ( cos 0) . 
h .O 

(2) 

3.necb K03q>q>HUHeHT f xapaKTepH3yeT 3q>q>eKTHBH)'10 

.nomo H.nep, opHeHTHpoeaHHblX ceepxT0HKl1M B3aH.MO.!leH­

CTBl1eM (npH 3TOM npe.nno11araeTCH, 'ITO 0CTaT0K ( 1-./) co­

BCeM He opHeHT11pOBaH); pk - nomrn0Mbl Jle>KaH.npa, Qk -
norrpaBKH Ha KOHe'-IHble pa3MepbI 11CTO'-IHHKa H .neTeKTopa; 

Bk - rrapaMeTJ)bl H.nepHOH op11eHrnuIrn 11 Ak - K03q>q>11u11-

eHTbl npoc-rpaHCTBeHHOfO pacnpe.neneHHH, 3ae11CH1.UHe OT 

cxeMbl pacna.na H.npa. 

3Kcnep11MeHT COCTOHT B 113MepeHHH 3aBHC11M0CTH 

aHH30TJ)OITl111 113.ll)"leHHH OT TeMneparypbl (T. e . OT CTeneHH 

H.nepHOH op11eHTaUHH) .!lJIH aJJbq>a-YaCTHU 11 B HeK0TOpblX 

C.ll)"la1!X TaK>Ke .!lJIH OCKOJIKOB CITOHTaHH0fO .ne11eHHJ1 8 pac-
241 243 253 255 

na.ne op11eHTHpoeaHHbtX H.nep Am, Am, Es, Es, 
255 257 255 

Fm H Fm. C11e.nyeT OTMeTHTb YT0 Fm 06pa3yeTCH 

KaK .noYepHHH 113oTon npH pacna.ne 
255

Es. 
241 

,lI,nH Am ITOJJHaH KpHBaH 3aBl1C11MOCTl1 a.-aHH30T-

pomrn OT TeMneparypbl, T. e. aHH30TJ)OITH11 DJJH npHMepHO 

.neCHTl1 pa31111'-1HblX TeMneparyp C T0'-IH0CTblO = 0,5 % .!lJIH 

Ka>K.!l0H TO'-IKH, MO>KeT 6h1Tb noJJy'-leHa 3a IO CYTOK H3Me­

peHHH. ,lI,nH 
243 

Am H3-3a HeCKOJlbKO 60JlbWero nep110.na 

no11ypacna.ua no11Hrui Kp110aH, T. e. a-am-130-rporr.HH .nn,i .ue­

CHTH TeMnepaTYP c TO'-IHOCTblO = 1 % DJJH Ka)K.!lOH TO'-IKH, 

MO>KeT 6btTb ITOJJY4eHa np11MepH0 3a 5 He.neJJb M3MepeHl1H. 

3TH oueHKH TaK>Ke BKJIIO'-lalOT epeMH, He06XO.!lHMOe .!lJIH 
3 4 

06c11y')[n1BaH1-111 peq>pHiKepaTOpa pacTBopeHHH He - He. 
257 

}J,nH Fm .no11H pacna.na Yepe3 cnoHTaHH0e .ue11eH11e 

.!lOCTaTO'-IHO BblCOKa, TaK '-IT0 .!lJIH 3TOfO 1130T0na MOryT 

6b!Tb 113MepeHbl yrnOBble pacnpe.neJJeHH.H KaK a.-YaCTHU, 

TaK 11 OCKOJIKOB cnOHTaHH0fO .ne11eHl1H. ,lI,nH a.-4aCTHU, H3-

MepeHHe nOJJHOH KpHBOH 3aBHCHMOCTl1 aHl130TJ)OnHl1 OT 

TeMneparypbl, T. e. 3Ha'-leHHH aHH30TJ)OITIIH DJJH IO TeMne­

paryp c TO'-IHOCTblO = 0,5 % DJJH Ka>K.!lOH T0'-IKH, no-rpe6yeT 

OK0JIO .neyx He.neJJb HenpepblBHOH pa60Tbl. ,lI,nH OCKOJlKOB 

.ne11eHHH np11 O>K11.naeMOH CKOpOCTH C'-leTa OK0JIO 2800 oc­

KOJlKOB a '-lac no-rpe6yeTCH OK0JJ0 .ueyx He.neJJb Ha6opa 

.!l8HHblX .!lJIH no11y'-leHHJ1 3H8'-leHHH aHH30TJ)OITl111 np11 ) 0 
pa31111'-IHblX TeMneparypax C TO'-IHOCTblO OK0Jl0 2 % .!lJIH 

K8>K.!l0H T04Kl1 (c y'-leTOM epeMeHH, -rpe6yeMoro DJJH o6-

CJJY>KHB8HHH pecj>pHiKepaTOpa pacTBopemtH). 
255 

,lI,nH Es T8K>Ke MO>KHO H3Mep11Tb yrnoBble pacnpe-

.neneHHH KaK .!lJlj! a-YaCTl1U, T8K H .!lJIH OCKOJIKOB CITOHTaH­

HOfO .neJJeHl1JI. }J,nH a-YaCTHU IT0JJHYIO KpHBYIO aHl130TJ)O­

ITHH C T0'-IH0CTblO = 0,5 % .!lJIH K8>K.!l0H T0'IKH CH0Ba MO>KHO 

ITO.ll)"l HTb npHMepH0 38 .nee He.nem1 Ha6opa .naHHblX. ,ll,OJJH 

255 
nocKOJJbKY Es pacna.naeTCH C HCnyCK8Hl1eM 3JleK-

TJ)OHa B 
255

Fm (11 12 = 20, I 4), KOTOpb!H HBJJHeTCH '-1l1CThfM 

a.-113JlY48TeJ1eM, TO B npou,ecce H3MepeHHH KpHBOM a.-aHH-

30Tpomrn DJJH 
255

Es 8BTOMaTl1'-leCKH C 8HaJJOfH'rn0H T0'-1-

HOCTblO 6ynYT nonyYaTbCH .!l8HHble no a.-aHl130TJ)0ITl1H DJJH 
255F m. 

253 
vl3MepeHHJI DJJH 1130TOna Es 6y.nYT C0CTOHTb B Ha6o-

pe TO'-IHblX .naHHblX O 3aBl1Cl1MOCTl1 a-aHH.30TJ)OITlll1 OT TeM­

neparypbl. Tip11 CKOpOCTH C'-leTa OKOJIO 3 a-YaCTHU B ceryH­

.ny IT0JIHaJI Kp1188H aHH30TJ)OTil1H .!lJlJI IO pa3.11H4HblX TeMne­

paryp C TO'-IHOCTblO = I % DJ]JI Ka)K.!lQH TO'IKH nony'laeTCH 

np11611H3HTeJlbHO 3a IO CYT0K Ha6opa .naKHbrx. Ecm, K 3TOMY 

.no6ae11Tb eper..rn -rpe6yeMoe DJJH 06c11Y>K11ea1111H pecj>p11iKe­

paTopa 11 yyecTb nep110.u nonypacna.na (oKono 20 .UH), TO 

.!lJIHTeJlbHOCTb H3MepeHl1H COCTaBHT OKOJlO 3 He.nenb. 

3AKJIJOqEHHE 

OcHOBHblMH q>H3H4eCKl1MH 38.!l8'-18MH .!l8HHOf0 npoeK­

T8 JIBJIH_IOTCH 11ccne.noeaHHe CBH3H Me>K.uy 8HH30TJ)On11ei1 

a.-H3.ll)"leHH.H H ,i.nepHOH .neq>opM8UHeH, K0TOpaH .no CHX 

nop He BITOJllle HCHa, 11 IT0JJY'leH11e nepBblX TO'-IHblX .!l8HHblX 

0 KB8HTOBblX '-111CJl8X KaHaJJOB .ne11eH11H, 'ITO 11eo6xo.u11MO 

.!lJIH .ll)"IWero nOHHMaHHJI R.nepttoro .ue11emui 11 pa3811THH 

MHKpOCKOITH'leCKOH Teop1rn 3T0fO HBJleHHH. nom1MaHHe 

3THX HBJleHHM ace ewe HBJJHeTCJI O'leHb HenOJIHblM H3-38 

OTCYTCTBHH .!lOCTaTO'IHO 60JlbWOfO Ha6opa 3KCnep11MeH­

TaJJbHblX .!l8HHblX. noc11e.n11ee 06yc110BJ1eHO 60JJbWOH Tex­

HJ1l.JeCK0H CJIO>KHOCTblO KaK MeT0.!lOB ITplffOTOBJleHHJI o6-

pa3UOB .!lJlj! HCCJJe.U0B8Hl1H 3THX .neyx npo6JJeM, TaK 11 3KC­

nep11MeHT0B, He06XO.!ll1MblX .!lJIH ITOJJY4eHHJ1 -rpe6yeMOH 

q>l1311'-leCKOH 11Hq>OpM8UHH . 
1-1To6bl peaJJl130BaTb 3TH 3a_nay11, -rpe6yeTCH 113Y4HTb 

803MO>KHOCTl1 npHrOTOBJleHHH '-IHCThlX o6pa3UOB .neqiop­

MHpoeaHHblX ceepxTH>KeJJblX :P.aHcypaH0BblX H30TOIT0B 

(
24IA 243A 253E 255E 2:i5F 257F ) 

m, m, s, s, m H m H H3f0T0-

811Th T8Kl1e o6pa3U,hl. npH HaJJH'-IHH TilKHX 06pa3UOB M0>K­

H0 H3Mep11Tb yrnoBble aHH30TJ)OITHl1 a-Yacrnu, H OCKOJIK0B 

CITOHT8HH0f0 .nene1111,i, HcnycKaeMblX YKa3aHHblMl1 ,i.upaMH, 

11CITOJlb3YH MeTO.n HH3KOTeMneparypH0H JI.UepHOH op11eHTa­

ll,Hl1 B KOM6HH8UHH C .neTeKTOpaMl1 3apH>KeHHblX q>parMeH­

TOB, pa60TalOllll1MH npH TeMneparype 4,2 K. 
vl3 H3MepeHHblX aHl130TpOITHH .!lJIH 0611ef'-1eHHblX 

a.-nepexo.noe a pacna.ne L130TOnoe Am, Es 11 Fm M0>KH0 

IT0JlY4HTh K03q>q>11u11eHTbl CMeW11BaHHH 002 Me>K.ny napuH­

aJJbHhll\111 a-BOJJHaM11 C L = 0 11 L = 2. bOJlbWOH 06beM H0-

BOH HHq>OpM8U1111 .!lJIH H.nep C napaMe-rpaMH .neqiopMall,lfH 

~2 a .n11ana3oHe OT 0 190 .no 0,236 no3eom1T pacwHp11Tb 

Hawe ITOl-lHMaH11e npOHCXO>K,!leHHJI 8Hl130TPOnHH B yrno-
255 

pacna.na Yepe3 CITOHTaHHOe .neJJeHHe B CJJy'lae Es MeHb- BOM pacnpe.ueJJeHHH a-YaCTHU 11, B YaCTH0CTH, ee CBH311 C 
257 

we, YeM .!lJIH Fm (CM. T86JJ. 2). npH CK0pOCTH C'-leTa .neqiopM8UHei'.i. 

OKOJIO 50 OCKOJlK0B B '-18C Ha6op .!l8HHblX .!lJIH 5 p83lllf'IHblX J,13 113MepeHl-lblX 8Hl130TpOITl1H OCK0JIKOB CITOHTaHH0fO 
25- 257 

TeMneparyp C TO'-IHOCThlO OKOJIO 5 % .!lJIH Ka)K)lOH T0'IKl1 .neneHHH opHeHntpoeaHHhlX H.!lep Es 11 Fm MO>KH0 

noTpe6yeT OKOJIO 4 He.neJlb H3Mepet-111H C Y4eTOM nep110.na H3BJJe4b 3Ha'leHH.H npoeKU,1111 K-cmtHa Ha 0Cb C11MMeTp1111 

no11ypacna.na 
255

Es (OKOJIO 40 .nHeil) 11 epeMeH11, Heo6xo- H.npa. BMeCTe C 113BeCTHblMl1 cn11HOM 11 YeTHOCTblO .nenH-

.!lHMOro .!lJIH 06cny>K11eaHHJ1 peq>p11>Keparnpa pacTBopeHHJI. 1.UefOCH OCHOBH0f0 COCTOHH.HH T8Kl1X H,!lep 3TO .naeT IT0Jl-

49 



Hb(H tta6op KBaHTOBbIX 1HtCeJI, omtCbIBaJOUlHX COCTOHHHe 
,neJJHUlerocH H.npa. 3HaHHe TaKHX Ha6opoe KBaHTOBblX 'lH­
ceJI HBJIHeTCH He06XOJH1MOH npe,nnOCbIJlKOH AllH pa3Bl1THH 
MHKpOCKOCTH'leCKOH TeopHH H.nepHOro .neneHHH. 8 .nonOJI-
1-teHHe MO)KHO O)f<H,llaTb nony11eHHH HOBOH 1111cpopMaU11I1 
0 "nepeXO,llHblX 3cpcj>eKTax" B .neneHHH npe.UCKaJaHHblX AJJH 
paccMaTp11eaeMoi1 0611acrn H,uep. KpoMe Toro, 6y.neT HJy­
'leHa B03M0)1(1-10CTb 3KCnep11MeHTaJibHOH npoeepK11 flffiOTe-
3bl Hecoxpat-1eHl1H 'leTHOCTH B cnOHTaHHOM .ueneHHH. 

Pa6oTa no.u.nep)l(alla INT AS (rpaHT N!! 00-00195) 
H PoCCHHCKHM cj>OH.llOM cpyt-1.naMeHTaJibHblX HCCJJe.noeaHHH 
(rpaHTbl 00-02- I 6009 11 03-02-16 I 75). 
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r AMMA-Ol>~ATEJI.b KPYTIHOr AGAPHTHbIX Ol>PA3QOB 
HA OCHOBE PA)]J,fAU,MOHHOro KOHTYPA C TOilJIHBHhIM 

PACTBOPOM PEAKTOPA MY AP 

A. E. Jlbl;t;:JIH, Ii. JI. KocTeHKO, A. r. Kpoooryxnn, H. n. KypaKOB, Ii. r. JlesaKOB, 
B. M. Onap1111, B. n. IlyJJ.OB, IO. A. CoKOJlOB 

Pc:I>511.l,-BHl1J,ffc:I>, 456770, r. CHe)l(HHCK 4em1611HCKOH o6n., a/51 245 

PacCMOTpClthl 1(O111.lCIIUJrn pa;i11au11O1111oro KOHl) pa - raMMa-o6ny'!arcnH C TOllIIIIBltblM paCTI!opO\t pealCTOpa 51rYAP II ero KOIICTJ)YKIUIH npen­
CTaBIICltbl ')KC11Cp11MCHT3Jlbllb1C npot"ll)311C1 ec11I1O-epcMCllllblC 11 :mepren1'leCK1te xapainep11CTIIKl1 l'aMMa-111.1y•1CHIIH r3\t\t:l-O6,,y'laTeJIH, (l Tal\,KC pac­
npe11cne1111~ no1. 

GAM IA-IRRADIATOR Of LARGE SAl\lrLE BA ED O ' RADIATIO, CONTO R WITII FUEL SOLllTION Of YAG AR 
reactor/ • E. L YZI 11 , I. I. KOSTE KO, . G. KROPOTUKHI , . P. K RAKOV, B. G. LEVA KOY, V. U OPARI ', V. P. PllDOV. 
Yu. A. SO KOLO\' II There are considered a concept of radiation contour - gamma-1rradiator with fuel solution of YAGUAR reactor and it design. The 
e,penmental space-time and energy characteristics of gamma-radiation and dose distribution arc presented in the paper. 

BBE.ll.EHHE 

noc11e aeap111-1 tta 4epHo6btJlbCKOit A3C B03HHKJla 
npo611eMa co3.naHIrn TexH11K11, cnoco6Hoit pa6ornTb e yc­
noemIx noebIwemmro pamiau110HHoro <j>oHa, 06yc110BJ1eH­
Horo pam10aKT118HblM 3arpH3HeHHeM. Pattee HCnblTaHI-IH 
pa.n11auI10HHOH 3aLUHTbl TeXHl1KH, npe.nHa3Ha4eHHOH .llJlH 
pa60Tbl B no.no6Hb!X ycnOBIUIX, npOBO.UHJH!Cb Ha CTau110-
HapHblX raMMa-ycTaHOBKax, r.ne B Ka4eCTBe TOLJe4HblX 11C-

60 137 
T04HIIKOB ucnOJlb3YIOTCH 1n0TonbI Co 11 Cs c :rneprn-
eit raMMa-KBaHTOB 0,66 H 1,25 MJB. O.nHaKO TaKlfe 11Cnbl­
TaHl1H He nOJlHOCTblO Mo.nen11pyI0T peanbHble ycnoBHH. Bo 
BHv!HT<l> 6b1no npe.llJlO)f(eHo ucnonb30BaTb e Ka4ecTBe 
IICT01IHl1Ka raMM3-KBaHTOB 3ana3.UbIBalOLUee raMMa-Inny­
l/eH11e aKT11s11poeaHHoro rnnmrn11oro pacTBopa HMnynbc­
Horo peaKTopa. 

YhBeCTHO, l/TO .UOJlH 3anaJ.Ub1Ba10LUero raMMa-H3Jlylfe­
HHH COCTaBJlHeT - 50 % OT nOJlHOH raMMa-.U03bl

0 

B 11Mnynh­
ce .neneHIIH, a epeMeHHOH cna.n HHTeHClfBHOCTH MO)KHO 
npe.ncTaBt1Th e 0I1.ne 

np11 1,0<t<l,0·I04 c. (I) 

8 TO )Ke epeMH .UOJlH 3anaJ.Ub1BalOLUHX HeihpOHOB co­
CTaBJlHeT np11Mep110 0,007, 11 pacna.n ii.nep npe.nwecTBeH­
Hl1KOB 3ana3.Ub1Ba10LUl1X HeHTPOHOB np011CXO.lll1T ropa3.UO 
6bICTPee, 4eM cna.n 11HTeHCHBHOCTl1 3anaJ.Ub1BalOLUHX raM­

Ma-IrnaHTOB noc11e HMnynbca .neneHHH. 

' )lJK. P. Kumm. <l>H31i4eCKHe OCIIOBbl Kl1He'lliKli llAepHblX 

pcaKTopoo. M.: A10,nn11aT. 1967. 
5I 

TaKHM o6pa30M, ecm1 e Tel/eH11e 20-30 c nocne 11M­
nynbca .ueneH11tt e aKTHBHOit 30He (A3) peaKTopa nepeMec­
THTb TOnnHBHblH paCTBOp B eMKOCTb C MaJlblM K03q>q>HUH­
eHTOM YMHO)Kem1n (raMMa-o6ny4aTenb), TO MO)l(HO 6onee 
l/eM Ha l/eTbtpe nopH.UKa CHH3HTb HeihpOHHblH KOMnoHeHT, 
coxpaH11B np11 JTOM .nomo raMMa-KeaHToe. 

U,enecoo6pa3HOCTb ttcnOJlb30BaHIIH B pa.n11au110HHOM 
KOHrype TOflJ111BHOro pacTBopa peaKTopa o6bHCHHeTCH c11e­
.uyI0LUHM: 

- Hl13KM nnOTHOCTb TOnJlllBHOro paCTBOpa (p = 
= 1,6 r/cM

3
) n03so11neT npeHe6peraTb J<pcjJeKTOM caMOJK­

paHHpOBKtt; 
- TOnJlHBHOMY pacTBopy nerKO np11.naTb J1106y10 reo­

MeTPH4eCKYJO <j>opMy; 
- cneKTp raMMa-H3JlYLfeHHH .uaI-111oro HCTOl/Hl1Ka COOT­

BeTCTByeT cneKTpy OCKOJlKOB .ue11eHHH co cpe.n.Hett 31-Ieprn­

eH::::: 0,8 MJB. 
)laHHbte o6CTOHTeJlbCTBa 6blJ1H npHHHTbl BO BHl1MaHHe 

npH coJ.naHHH raMMa-o6nyttaTenn KpynHora6ap~tTHbIX o6-
pa3UOB peaKTopa JlrY AP. 

onHCAHHE KOHCTPYKU.HH 

KoHCTPYKTHBHO raMMa-0611ylfaTeJ1b BbtnOJllleH B B11.ne 
4eTbIpex o.nI1HaKOBblX eMKOCTei-l - Mo.nynei1, Ka)l(.UblH 113 
KOTOpblX npe.ncrnenneT co6ofl nonhlH napannenemme.n c 

ra6ap11THblMH pa3MepaMl1 540x540x50 MM 11 BHyTpeHHUM 

o6beMOM IO .nM
3

. TOJlLUHHa CJlOH TOnJ111BHOro pacTBopa B 
Mo.nyne 40 MM 3a.naHa HCXO.IVI 1,13 TPe6osaHHH n.nepHOH 
6e3onacHOCTH. 

Mo.nynb COCT0l1T 1-13 .ueyx .neTanei1 113rOTOBJJeHHblX C 
noMOLUhlO <j>pe3epoeamu1 H3 ueJlbllOH THTaHOBOH nJ111Tbl 
(cnnae Tl1TaHa BT-20), HMeeT <pOpMy KOpo6a c .D.HOM TOJl-



lUHHOH 0.5 CM, 6oKOBblMH CTeHK8MH TOnlUHHOH 10 MM H 

BblnOnHeHHblMH Me»my HHMl1 pe6paMH >KeCTKOCTH. )],ea 

TaKHX KOpo6a coemtHHIOTCH H ceap111:1a10TCH BMeCTe no 

nep11Merpy, o6p83yH napannenenHnen c ettyrpettttei1 nono­
CTblO. MaTep11an ~10nynei1 (nnoTHOCTb 4,5 r / cM

3
) 11 TOnLU11-

Hbl Bb16paHbl 11CXOLlH H3 ycnOBHH H8HMeHbWero nornowe­

HHJI raMM8-H3ny'-leHHH np11 LlOCTaT04HOH npO'IHOCTH ero 

KOHCTPYKUHH. TaKaH KOHCTPYKUHH o6nanaeT 11eo6xon11-

Mb1M11 repMen14HOCTblO 11 >KeCTKOCTblO, OHa rapa11n1po­

B8HHO Bbl!lep>K11B8eT BttyrpeHHee naeneHHe LlO 5 Mna. Ka­

)KJlblH MOJlYnb HMeeT narpy6KH MH nO!l8'-111 H cnHea pac-

TBopa. Monyn11 06bem111eHb1 o6wew CHCTeMoi1 rpy6onpo­

eonoe, a BXOLl H BbIXOLl 3TOH CHCTeMbl nO!lKnlO'laeTCH K 

TeXHOnorn4eCKOH CHCTeMe peaKTopa. 

MeHHH B3811MHOe pacnono)l{eH11e MO!lynei1, MO)l{HO 

C03!l888Tb p83n 11'1 Hble reoMeTpll'leCK~le KOHcjrnrypau1111 

HCT04HHK8 raMM8-KB8HTOB. Ha116onee xapaKTepHblMII 

MH 11ccnenoeatt11ii KOHcjrnrypau1111 raMMa-o6ny 4aTenH 

(p11c. I, 2) HBnHIOTCH eap11aHT "Kononeu" (p83Mepb1 nonoc­
TH .llJJH p83Me1UeHHJ1 o6p83UOB 50x50x50 CM) 11 eapHaHT 

"nnocKOCTb" (p83Mepb1 06ny4a1omew noeepxHOCTH 

I00x l00 cM). 

P11c. I . raMMa-o6ny4aTenb. YeTblpe MOJlynll co6paHbl B 011.ne 
nnocKol1 o6Jl)"-lruoLUei1 nooepx11ocr11 ("nnocKOCTb") 

P11c. 2. r a,1Ma-06ny4aTcni.. 4e-rbrpc Mo.nynll co6pa11i.1 o eu11e Ko,1O.uua ("Kono11eu"). 
B oepx11ci-i 'laCT11 oH.neu o6ny,iaeMblH o6beKT (nnaTa P')A o crn1111apTe CAMAC) 
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TEXHOJIOrWIECKHH PA60lfflM ~HKJI 

TexHOJlOrH'-leCKHH UHKJl pa60Tbl raMMa-06J1)"-laTeJll1 

C0CTOlff 113 cne.nyiomHX 0CH0BHblX onepau11fi: 
- no.nrorne11TeJ1bHb1e onepau1111 Ha peaKTope, Heo6xo­

,n11Mbte D-Jlj( np0113BO,nCTBa 11MnyJTbCa .neneH11tt· 
- reHepaUl1$1 11MnyJ1bca .neneH11i1 e Kopnyce A3 peaK­

Topa; 
- CJTl1B aKTl1811pOBaHHOro TOnJ111BH0ro pacrnopa peaK­

TOpa 8 noJJOCTb raMMa-06J1)"-laTeJ1j( 11 06ny'-leH11e o6pa3UOB 

3anaJ,nb1Baiom11M raMMa-H3JTY'-leHHeM; 

- cn11e Tonm1eHoro pacrnopa 113 raMMa-06nyLJaTeJ1$1. 
no.nroTOBKa K pa6oTe no 06nyLJeH1110 o6pa.3uoe HaLJ11-

HaeTC$1 c reHep11poeaH11$1 11MnyJ1bCa .neneHJ1H e A3 peaKTo­

pa .sirY AP np11 KOTOpOM e TOnJJHBHOM pacrnope o6pa:3y­

eTC$1 - 1,4· 10
18 

OCKOJlKOB .neneHHH. B MOMeHT reHepau1111 11 

nocne 11MnyJ1bca neneHHH npo11cxon11T nepeMew11eaH11e 

Tonn11eHoro pacrnopa 11 pacnpeneneH11e OCKOJlK0B neneHHH 
no ero 06beMy CTaHOBITTC$1 .llOCTaTOLlHO paBH0MepHblM. 

nepeMew11eaH11e Tonn11ea nponom1<aeTC$1 11 a npouecce 
cn11aa pacrnopa a nonocTb raMMa-06JTY'-laTeJJj( HJJH e 6an­

JJOH-xpaHJ1J111me, rne OHO M0)l(eT BbI,llep)l(HBaTbC$1 onpe.ue­
JJeHH0e apeM$1 nepe.n no,naLJei-1 a raMMa-o6nyLJaTeJJb. Oc­
HOBHOH uenblO Bbl,nep)l{Kl1 o6bl'-lHO $18J1$1eTC$1 LlOCTl1)1{eH11e 

CO0TBeTCTBl1$1 cne1<Tpa raMMa-113JJY'-leHHJI OCKOJIKOB .n.ene­

Hl1H cne1<Tpy, TPe6yeMOMY no yc110Bl1$1M J1<cnep11MeHTa. 

3KCTIEPHMEHT AJibHhlE PE3Y Jib TA Thi 

np11 HCCJJe,noeaHHH xapaKTepHCTHK pan11amtOHHOr0 
n0JTj( K0HCTPYKU11J1 raMMa-o6ny4aTeJJj( B e11.ne KOJlO.UUa 

11cno11bJOean11cb .neTeKTopbI T11na CEJI.[{H-C,[(K-15. B 3a­
e11c11Mocrn OT Mecrn pacnoJJO)l(eHHJI .neTeKTopa J1<cno-

311u110HHM .U03a, pean113yeMM 3a 2 '-1 , COCTaBJlj(Jla O -
- 0,5-0,9 Kfp, ecn11 CJJHB pacrnopa Ha4HHanC$1 4epe3 15 c 
nocne 11MnyJJbCa .neneHJ1H. O,nHaKO, noCK0JlbKY B 11cnOJ1b-

3yeMblX TO'-lKax 113Mepemrn QJJ110eHC HeHTP0HOB C0CTaBJlj(Jl 
11 -2 

npH )TOM (0,7- 1,4)· 10 CM , T0nJ111BHblH pacrnop Bbl-

.uep)l(11BanC$1 o6bl4HO e Kopnyce peaKTopa e TetJeH11e 300 c 

)lJTj( "BblCBe4HBaHl1Jl11 HCTO'-lHHKOB 3ana.3.Ub!Ba10m11x HeH­

TP0HOB. HepaBHOMepHOCTb 06JTY'-leHHJI B nOJJ0CTl1 raMMa-
06J1y'-laTeJ1j( .naHHOH KOHqrnrypaUH11 He 6onee 40 %. 

Ha116onee noJJHbie 11ccne.n.oeaHHJ1 npoeonHJ111cb D-Jlj( 

nJJOCKOrO raMMa-o6ny'-laTeJ1j( (KOHcjrnrypaUl1$1 11 nJJ0CKOCTb11
) 

npH 11CnblTaHl111 pa.n11au110HHOM 3al.U_l1Tbl po60TOTeXHl1Kl1, 

KOTopaj( npe,nHa.3HatteHa llJlll pa60Tbl Ha MeCTIIOCTH, 3apa­

)l(eHHOH pa.n11oaKTHBHblMH semeCTBaMH. CxeMa rrpoee,neHl1JI 

o.n.Horo 113 11CnblTaHl1H npe.nCTaBJleHa Ha p11c. 3. 

raMMa-o6nyttaTeJJb pacnonarancj( e peaKTopHOM Jane 

B npoeMe TPaHcnopTHblX B0p0T. TTpoeM B CTeHe Jana Hrpan 

ponb KaHana Bb1eo.n.a H3JTY'-leHHJI, cj>opM11pyiomero yrnoeoe 

pacnpe,neneHMe BblXOLllllllHX y-KBaHTOB. 
l13MepeHHJI cnel<Tp0B OCKOJ10'-IH0f0 raMMa-113nyLJeHHJ1 

o6nyttaTeJll! npoB0.UHJ111Cb c n0MO!llblO O.UHOKpHCTaJlbHOro 
cnel<TpOMeTPa. 8 KatteCTBe ,neTeKTopa HCn0JJb30BanCl! 

<l>3Y C Kp11CTaJ1JlOM CTHJJb6eHa ,n11aMeTP0M 1,0 CM 11 BblCO­
TOH 1,0 CM, ycTaHOBJJeHHblM Ha BblCOTe I M OT ypoBHJI 3eM-
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JlH Ha paCCTOl!HHH 5,6 M OT llJlOCKOCTH raMMa-o6nyttaTeJJl!. 

l13MepeHJ1ll cnel<Tp0B rrp0B0.llHJ111Cb ttepe3 1,5; 2; 3; 6· 
31 '-l nocne reHep11poeaHH$1 e peaKTope 11Mnynbca ,nenett11i1 
11 3aJJHBKl1 pacrnopa 8 noJJ0CTb 0611y '-laTeJ1l!. TaK)l(e 6bIJ111 
BblnOJJ HeHbl 113MepeHH$1 cneKTpOB nocne Bbl.D.ep)l{K11 pac­

TB0pa B Te'-leH~le 4 MeC$1UeB C MOMeHTa reHep11poeaHl1ll 

11MnyJJbCa. 

7 

6 

2 

PHc. 3. CxeMa o6ny'ieHHll Ka6HHb1 6yJJbllOJepa ,[l3-132-IK3: 
I - raMMa-o6JJy'iaTeJJb; 2 - 11aepb 6HOJ1Qfl,f'ieCKOH 38lllHTbl peaK­
TOpHoro 3aJJa; 3 -11aepb repMeTH'illaJI: 4 - MeCTO pacnOJJ0JKeHHJI 
!leTeKTOpOB llllll H3MepeHHll xapaKTepHCTHK raMM8-H3JJY'ieHHJI; 
5 - 061,eKT 11cnblTaHH«; 6 - peaKTop .5lfY AP; 7 - Tex11ononi­
'lecK8JI JIHHHll 38n0JJHeHHll ra.MMa-o6JJy'iaTeJJll TOnJJHBHblM paCT-

BOp0M 

nonytteHHbte nocne eoccrattoeneHHJI JHeprenr4ec1<He 

cnel<Tpbl raMMa-KBaHTOB OCKOJ104HOro H3JTY'-leHlrn raMMa­
o6nyttaTeJJj( np,,rne,neHbl B Ta6Jl. 1 11 Ha p11c. 4, HOpMHp0BKa 

n0TOKa raMMa-KeaHTOB COOTBeTCTByeT )HeprOBbl,lleJJeHJ,tlO 

e peaKTope I M,n:)I(. Boccrnttoe11ett11e cnel<TpOB nposo,n11-

11ocb MeTO.ll0M n11cj>cj>epettu11poeaHHJ1. OKa:3aJJOCb, 4T0 

cpe,nHRll JHeprHJ1 0CKOJJ0'-lHOro raMMa-113JTYtteH11JI cna6o 

MeH$1eTCll co epeMeHeM 11 C0CTaBJllleT - 0,8 MJB. 

Ta6nHua I 

3ttepreTH'-leCKl1e cnel<Tpbl raMMa-11CT0lJHl1Ka np11 

epeMettax Bb1,nep)l(1<11 pacrnopa, paBHblX I q (~x1), 

3 4 (~X2) 11 20 4 (~XJ) 

6e,, MJB 0,1-0,5 0,5- 1,0 1,0-1 ,5 1,5-2,0 2,0-2,5 

6X.1 0,085 0, 171 0.684 0,043 0,017 

6X.2 0,105 0,422 0,368 0,084 0,02 1 

6X,3 0,109 0,652 0,239 

Ha p11c. 5 npe,nCTaBJJeHa 3aBl1C11MOCTb nJJOTHOCTl1 no­

TOKa Jana.3.llblBalOlUero raMMa-113JJY4eHHJI OT epeMeHJ1 / 

nocne reHepaUH11 11Mnynbca e peaKTope. 



0,5 1,5 2 I: 

PHc. 4. JHepreTH'ICCKHe pacnpe.11eneHHll OOTOKOB raMMa-KBaHTOB 
3 -2 - 1 

n (10- CM ·C ) OT06ny,-taTenl! cnyCTll 1,5 "(I), 2 'I (2), 3 'I (3), 
6 " ( 4) nocne HMnym,ca .11eneHHi,1 c £ = I M,UiK 

2 3 lg I 

-2 - 1 
PHC. 5. BpeMeJIHal! 3aBHCHMOCTb nnOTHOCTH nOTOKa F (CM ·C ) 

raMMa-KBaHTOB OT o6ny'laTenll nocne HMnynbca .11ene11Hi,1 c £ = 
= I M,UiK 

3Ta 33B1-!CHMOCTb .llOCTaTOlfHO xopowo onHCbIBaeTCll 

( 
-n 

cTeneHHOH <jlyHKutteH P t) = const•t , r.ne n ~ 1,2 B o6nac-

TH H3MCHCHHll t = 1- 31 l(. 0rKJJOHCHHe TOlfKH npH 

t = 2688 lf (T. e. 4 MCCl!Ua) o6ycJJOBJJeHO HaKOnJJeHHeM 

.llOJJrO)l(lfBYUJJl'X OCKOJIKOB .nenemlll OT npe,llbl.llYLUHX HM­

nyJJbCOB peaKTopa. 3aBHC11MOCTb MOLUIIOCTH .ll03bl Ha no­

BepXHOCTH 0.llHHOlfHOro MO.llYJJll OT apeMeHH np1,rne.neHa B 

Ta6JJ. 2. 

Ta6nwua 2 

3aBHCHMOCTb MOIUHOCTH 3KC003HUHOHHOH .ll03bl Ha 

paCCTOl!HHH 2 CM OT UCHTPa noBepXH0CTH e.nHHHlfH0ro 

MO.llYJJll npw 3Heproab1.neneH111-1 B peah."Tope E = 30 M.D;)I( 

I, C 200 500 1000 2000 4000 

P(t), P/ c 49 18 9.3 5,3 2,3 

113MepeHHe HeO.llHOpO.llHOCTH npOCTPaHCTBCHHOro 

pacnpe.neneHHll H3JJylfCHHll B nJJOCKOCTH, nepneH,llHKYJJllp­

HOH OCH ny<tKa na,nalOIUHX raMMa-KBaHTOB, npOBO.llHJIOCb C 

HC0OJlb30BaHHCM TepMOJIIOMHHecueHTHblX .ll03HMCTPOB 

HKC-A . .D;o3HMeTPbl ycrnHaan11aan11cb B Y3J1ax peweTKH c 

waroM fix= !1y = 15 CM Ha nnaHweTe, K0TOpblH HaXO.llHJICll 

Ha paCCTOl!HHH 770 CM OT nJJOCKOCTH o6ny<taTeJlll. B Ta6JJ. 3 
npHBeJJ.eHO pacnpe.neJJeHHe 3KC003HUHOHHOH ll.03bl raMMa­

H3J!YlfCHHll B nylfKe nJJOIUa,llblO I 50x 150 CM, H3MepeHH0e C 

noMOlUblO 100 .no3HMeTPOB HKC-A. OTKJJOHeHHe nOKaJa­

HHH Ka)l(JJ.Oro JJ.eTeKTopa OT cpe.nHero no aceMy aHcaM6JJIO 

3Hal.feHHJI ll.03bl He npeBblWaeT norpewHOCTli H3MepeHHl1 

(KOTOpal! cocTaBJJl!eT ll.Jlll .no3HMeTPa HKC-A - 15 %), lfT0 

CBHJJ.eTeJJbCTByeT O ll.OCTaTOlfHO paBHOMepHOM none raMMa­

H3J!Ylf e H Hll. 

Ta6n11ua 3 

PacnpeJJ.eneHHe 3KC003HUHOHHOH ll.03bl OCKOJIOlfHOfO raMMa H3JJy<teHHJI (0TH. e.n.) B nJJOCKOCTH, 

nepneH.llHKYJJRpHOH OCH nylfKa B MeCTe pacnoJJO)l(eHHll H3MepHTCJlbHOfO nJJaHWeTa 

NJJ.CT 1 2 3 4 5 6 7 8 9 10 

I 1,2 1,4 1,6 1.35 1,35 1,4 1,4 1,3 1.35 1. 15 

2 1,4 1.35 1,4 1,4 1,3 1.4 1.37 1,3 1,2 1,2 

3 1,2 1,3 1.3 1,45 1,35 1,35 1,2 1,2 1,1 1.25 

4 1,47 1,27 1.35 1,3 1,5 1,35 1.25 1,37 1.2 1,05 

5 1,3 1,2 1,47 1,4 1,3 1,55 1,2 1.35 1,0 1.2 

6 1, 1 1,42 1.35 1,2 1,45 1.42 1.47 1.55 1,2 1,3 

7 1,07 1,3 1,55 1,55 1,4 1,45 1,45 1,45 1,2 1,25 

8 1,4 1,2 - 1,45 1,32 1,55 1,4 1,4 1,2 1,25 

9 1,4 1,35 1,35 1.35 1.5 1,45 1,52 1,3 1,22 1,22 

10 1,05 1,35 1.35 1,52 1,5 1.35 1,45 1,4 1,4 1.15 
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3AKJII04EHHE 

faMMa-0611ylfaTeJ1b KpynHora6ap11THblX o6pa3UOB Ha 

OCHOBe pa.uHaUHOHHOro KOHT)'pa C TOnJJHBHblM pacrnopOM 

peaKTopa 51fY AP, pa3pa6oTaHHblH eo BHHHT<l>, 0611a.ua­

eT c11e.uyI0LU11MH oco6eHHOCn!MH: 

- HMeeT BblCOKYIO HHTeHCHBHOCTb raMMa-11311y11eHHll; 

- MMeeT HenpepblBHblH cnel\'TP OCKOJJKOB .ue11eHHH 

(Ecp ~ 0,8 M38) H npaKTHtJeCKH He MeHlleT CBOl1.X xapaKTe-

pHCTHK npH l1X eocnpOHJBe.UeHHH noc11e .!IJlHTeJlbHOro xpa­

HeHM; 

- BKJ110lfeH11e 11CTO'-IH11Ka ocy LUeCTBJJlleTCll TOJlbKO Ha 

MOMeHT npoee.ueHHll 11cnblTaHHH; 

- o6ecnetrneaeT paeHoMepHoe none 0611y lfe HHll pa3-

MepoM l ,5x 1,5 M npH reoMeTPHH 3KCnepHMeHTa, npe.u­

CTaBJJeHHOro Ha pHC. 3. 

CTaTbll nocrymllla B pe.uaKUHIO 26.02.2003 r . 
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OE30P PAEOT ITO BOIIPOCY H,ZU:HTH<l>HKAI(IIl:I 
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B. A. Tepeum, IO. H. qepuyx11u 

P<l>51IJ.-BHMI1T<I>, 456770, r. CHe)l(HHCK 4em1611HCKOH 0611., a/51. 245 

.llaH o63op pa6oT Blfl,111T<I> B o6nacrn KOHTpOllR RllepHblX MaTep113!1OB. P33pa6oTKa MeTOllllK 1111c1m1<jJ11Kau1111 llCllRIJ.(IIXCR MaTepllMOB 6e3 
BCKpbmtR KOm-enHepa llHKT)'eTCR ueo6XOllltMOCTblO KOlrrpOllR 113llCJ111n npH IIX TpaucnopTl1poBKe, nepe11a4e npyrnM npe11np1tRTIIRM II np11 npoeeneHltl1 
IIHBe11Tap1naw1n B xpaHHl111lll3X. 

REVIEW OF ACTIVITIES ON NUCLEAR MATERIALS IDENTIFICATION/ S. Yu. KASIANOV, I. I. KOSTENKO, V. D. LAR­
TSEV, D. V. PAIWLEV, Yu. A. OKOLOV, V. A. TEREKHI , Yu. I. CHERNUKIII // The given paper reviews VNIITF activities performed in 
the sphere of nuclear materials monitoring. The development of fissile materials identification with no container opening are caused by the necessity 
monitoring items while transporting, passing them to other enterprises and when taking stock in the repositories. 

Pa3pa60TKa MeTO.D_l-1K KOHTpOml .n.eml1Ul1XC51. MaTep11a­

JlOB ():J;M) 6e3 BCKpblTl151. KOHTeH.Hepa o6ycJJOBJleHa Heo6-

XO.Ul1MOCTblO np11MeHemu1 TeXHl1tJeCKl1X cpe.ncTB np11 

BXO.D.HOM - BblXO.D.HOM KOHTpOJie 113.UeJI11H np11 l1X TpaHC­

nopT11pOBKe 11 nepe.natJe Me)l(.ny npe.n.np1uinu1M11, a TaK)l(e 

np11 npoee.n.eH1111 nep110.n.11tJecK11x 11HBeHrnp113au11n e xpa­

H11n11max. 

CymecTBYIQIUl1e MeTO.D.bl 11.n.eHT11q>11Kau1111 ll.D.epHblX 

MaTep11anoe (51M) ycJIOBHO .n.eJISITCll Ha aKTl1BHble 11 nac­

Cl1BHble, np11 '.HOM 113MepeHl1ll MOryr 6b1Tb KOJil1tJeCTBeH­

Hble (onpe.n.eneH11e MaCCbl 11 1130TOnHoro COCTaBa o6pa3UOB 

51M) 11 no.n.rnep)l(.D.al01Ul1e (KOHTpOJib Hel13MeHHOCTl1 o6-

pa3UOB 51M B KOHTeHHepax 6e3 HX BCKpb1T11R). A,1151. Hae 

Ha1160JibWl1H 11HTepec npe.D.CTaBJI51.IOT no.n.rnep)l(JJ.al01Ul1e 

(KatJeCTBeHHble) MeTO.D.bl 113MepeHl1H, npe.D.HaJHatJeHHble 

.nJill 11.n.eHrnq>11Kau1111 rnna MaTep11ana 11 no.n.rnep)l(.D.eH11S1 

Hel13MeHHOCTl1 COCTaBa KOHTpOJIHpyeMoro 06beKTa (KOH­

TeHHep, 113.D.eJIHe, Y3eJI, .n.eTaJib ) no COBOKynHOCTl1 He­

CKOJibKl1X Henocpe.n.crneHHO 11JMeplleMblX q>OHOBblX pa­

.n.11au110HHblX xapaKTep11cT11K, Hanp11Mep, annaparypHoro 

n\MMa-cner..--rpa, 11HTerpaJibHOro BblXO.D.a HeilTpOHOB, OT­

KJil1Ka 06beKTa Ha BOJ.D.eHCTBl1e BHewHero 11CT04Hl1Ka HeH­

TpOHOB. 3TH MeTO.D.bl He llBJISIIOTCll e npllMOM CMblCJie 113-

Mep11TeJibHblMl1, TaK KaK He .n.alOT npllMOH KOJil14eCTBeHHOH 

l1Hq>OpMau1111, 0.D.HaKO OHl1 MOryr CJIY)l(l1Tb o6beKTl1BHOH 

OCHOBOH JJ.Jlll no.n.rnep)l(.D.eHl1ll coxpaHHOCTl1 11H.D.11B11.D.YaJib­

HblX o6beKTOB c ,ll;M npaKT11,1ecK11 mo6oi1 CJIO)l(HOcn1. 8b1-

6paHHall KOHTpOJ111pyeMaS1 COBOKYTIHOCTb pa.n.11au110HHblX 

xapaKTep11CT11K llBJI51.eTCll pa.nirn11.110HHblM nacnopTOM 06b­

eKTa, KOTOpblH MO)l(eT coxpaHllTbCll e ytJeTHOH 6aJe .naH­

HblX BMeCTe C .n.pyrnMl1 nacnopTHblM11 xapaKTep11cT11KaM11 

06beKTa. 

8 Pcf>.HLJ.- BHl111Tcf> e TetJeH11e nocne.n.H11x neT se.n.YT­

Cll pa6oTbt no 11.n.eHrnq>11Kau1111 (nacnopT113au1111) 1n.n.em1H 

(ytJeTHblX e.n.1rn11u), co.n.ep)l(alUHX .n.eJIJ11Ul1eCS1 (ll.D.epHbte) 
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MaTep11aJibl, a TaK)l(e 
238u. cf>113114ecKOH OCHOBOH pa3pa-

60TKl1 Cl1CTeM KOHTpOJlll CJIY)l(l1T perncTpaUHJI co6cTBeHHO­

ro y-, n-113JI~eHIUI 51M (naCCl18HblH MeTO.n.). 

O.D.11H 113 nepBblX sap11aHTOB annaparypHOro KOM­

nneKca JJ.J]ll CHHTl1ll pa.n.11au110HHblX nacnopTOB KOHTeHHe­

pos c 51M, BblOOJIHeHHblH Ha 6aJe nepeHOCHOro OTe'leCT­

BeHHOrO (paJpa6oTKa Pl1AH) y-cner..--rpoMeTpa CTTMH-

6000 ( .n.eTeKTOp Nal(TI) 0 63 x 63 MM, .n.eTeKTop Ge(Li)­

,nr,nK-636), a TaK)l(e HCHTpOHHOro pa.n.110MeTpa CPTTC-2 

(pa3pa60TKa HHl1T), 6btJI onpo6osaH s 1993 ro.n.y. 

K 3TOMY speMCHl1 OTHOCllTCll 11 nepBbte KOHTaKTbl Ha­

wero 1rncrnryrn c Hau110HaJibHbtM11 na6oparnp11S1M11 CWA 

B o6nacrn cosepweHCTBOBaHl1JI ytJeTa, KOHTpOJill 11 q>l1311-

tJeCKOH Ja1Ul1Tbl 51M. Ba)l(HOe MeCTO B 3TOH pa6oTe JaH11-

MaeT pa3pa6oTKa 11 BHe.npeH11e TeXHH'leCKl1X cpe.D.CTB HH­

BeHTapHJaumt 51M c l1C0OJibJOBaH11eM nepe.nOBblX TeXHO­

JIOrHH 11 np116opos pa3pa60TK11 CWA. B paMKax pa6oT no 

3TOH TeMaTHKe s na6oparnp1111 59-1 6b1Jia pa3pa6oTaHa 

c11cTeMa pa.n.11au110HHOH raMMa-nacnopn13au1111. 3m c11c­

TeMa paJMemaeTCll Ha Tene)l(Ke 11 o6na.n.aeT yc11JieHHOH Ja­

lUHTOH OT raMMa- 11 HeHTpOHHOro HJJIY4eHHll. A,Illl q>HKCa­

U1111 nOJIO)KeHllll KOHTeHHepos HMelOTCll noca.D.O'!Hble Mec­

Ta, paCC4l1TaHHble Ha ycTaHOBKY CTaH.n.apTHblX cepHHHO 

BblOYCKaeMblX KOHTeHHepos. 8 TO )Ke epeM51. He 11CKJIIO'leHa 

pa6orn C KOHTeHHepaMl1, OTJ1114al01UHMHCSI OT CTaHJJ.apT­

HblX. MaKCHMaJibHble pa3Mepb1 KOHTeHHepoB, 11HBeHTap11-

3aUWll co.n.ep)l(11MOro KOTOpblX MO)KeT 6b1Tb BblOOJIHeHa, 

cocTaBJJlllOT 0,5 x I M (d x h). MaKCHMaJibHM Macca KOH­

TeHHepa "" 150 Kr. 

8 .n.aHHOH KOHCTpYKU11H 6JIOK .n.eTeKT11posaHl151. B Ja­

lU11Te ycTaHOBJieH Ha nO.D.811)1(H0H nnaTCjJOpMe, '!TO 00380-

JilleT perym1posaTb ero nOJIO)l(eHHe no BblCOTe, 06ecnetJ11-

sall O0THMaJibHbte ycJIOBH51. npose.n.eHl1ll 11JMepeHIIH C pa3-

Jil14HblMH no BblCOTe KOHTeHHepaM11. 

---



11JMep,neJlbHlUr CHCTeMa nOCTJ)OeHa Ha 6aJe nopTa­

TIIBHOfO cneKTJ)OMeTJ)a Inspector npOHJBOJlCTBa <jrnpMbl 
CANBERRA HnH cneKTpoMeTJ)OB CKC-50Ge H CKC-50Sc 

np0113BOJlCTBa pOCCHHCKOH <jrnpMbl "fp11H CTap". 
Anrop11TM pa60Tbl ycTaHOBKH BKJll04aeT: Bb16op Jle­

Tel<Topa (repMaHHeBblH JleTe1<Top HPGe HJlH cu11HTHnm1-

u110HHblH JleTel<Top Nal (Tl)); npoueJlypy ero Kan116poeK11 
no 3HeprHl1 11 KOHTpOJlb Ka4eCTBa cneKTJ)OMeTJ)H4eCKOH 

annaparypb1; nony•1em1e paJJ.HaUHOHHoro nopTJ)eTa KOH­

Teiittepa c 51M 11 Jattece1-111e ero e naMSJTb Ko111nb10Tepa; 

cpaetteH11e 113!11epeHHOf0 paJl11au110HHOfO nOpTJ)eTa C aep­

BOHa•1anbHblM II BblJla•1y npeJlynpeJlHTeJlbHOfO curnana 
npH 11X HeCOOTBeTCTBmt; npou.eJlypy Bbl411TaHHll cpoHa (npu 

He06XOJlllMOCTH); npou.eJlypy cpopM11poeaH11.11 npOTOKOJla 
HJMepeHHH 11 np11 He06XOJll1MOCTH Bb1Jla4y ero Ha ne4aTb. 

YcTaHOBKa 11BJllleTCll aeTOHOMHOH 11 MO:;KeT pa6oTaTb 

OT 6aTapetl e Te4eH11e 6 4acoe. BoJMO)l(Ha pa6orn ycrn­

HOBKl1 OT cern (220 B/50 ru). 

B HaCTOllll.lee epeM.11 eeJlYTCll pa60Tb1 no ycoeepweH­
CTeoea1-11110 cyll.leCTBYIOIUeH CHCTeMbl pam1au110HHOH raM­

Ma-nacnoprn3au_1111. B 4aCTHOCTl1, npeJlnonaraeTc.11 BKJll0-
4HTb JlOTIOJlHHTeJlbHO B CHCTeMy YCTJ)OHCTBO JlJlll C411Tb1Ba­

Hl1ll 6ap-KOJlOB, HeHTJ)OHHblH KaHan Ha 6aJe 113Mep11Ten.11 
11HTeHC11BHOCTl1 HeHTJ)OHHOro 11Jny4eHl1ll "WaMaH-0 I " 
(P52-Jl 1966) 11 Cl1CTeMy BBOJla B KOM 0blOTep l1H<pOpMau1111 
0 TIOJlO)l(eHl111 nnaT<pOpMbl C JleTel<TOpOM. 

B paMKax pa6oT no coeepweHCTBOBaHHIO CHCTeMbl 

)"leTa 11 KOHTJ)OJlll 51M 6b!Jll1 npoBeJleHbl 11CnblTaHl1_ll 11 
ou.eHKa CHCTeM onpeJleJleHH_ll 1130TOTIHOfO COCTaBa ypaHa 11 

TIJJYTOt-111.11 MGA (JlJTHJl) 11 FRAM (JlAHJl). 3m raMMa­

cneKTJ)OMeTJ)w-leCK11e CHCTeMbl noJBOJl_lllOT npoBOJlJ,!Tb He­

PaJPYWalOlllKH a1-1an11J 1130TonHoro cocraea ypaHa 11 nJJYTO­
H11.11 6e3 npeJleapHTenbHblX KaJ1116pOBOK no 3<p<peKTIIBHOCTl1. 

)].anbHei:iwee paJBHTHe paJJ.HaU.HOHHble MeTOJlHKH 
HJleHTH<pHKaU.HH nOny411JlH e paMKax 11CCJleJlOBaHH_ll npo6-

Jlel\1bl Tpa1-1cnape1-1rnoro H Hel1HTJ)Y311BHOro KOHTJ)OJlll co­
xpaHHOCTH 51M e KOHTeHHepax. l..lenblO npOBOJlHMblX e 
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3TOM HanpaeJleHHl1 pa6oT llBJl11Jll1Cb HCCJleJlOBaHH_ll C He­
ceKpeTHbll\111 MOJleJl_lll\111 JlJlll nony4eHHll 3KCnep11MeHTaJJb­

HOH HH<pOpMau.1111, Heo6XOJl11MOH JlJlll aHanHJa ee 'IYBCTBl1-
TeJlbHOCT11 II OTITHMaJlbHOro TIOCTJ)OeH11ll 11H<pOpMaUHOHHO­

ro 6apbepa (aHTH11HTJ)YJHBHoro ycTJ)oiicTBa). 

B 1998 roey eo BHJ1J,ffcD 6b1J1a npoeeJleHa JleMOHCT­
pam1.11 TaKIIX paJlllaUHOHHblX TeXHOJlOrMII K0HTJ)0Jlll C HC­

n0JlbJ0BaH11eM HeceKpeTH0H MOJ1em1 11 cneKTJ)0MeTJ)H'-le­

CK0f0 06opy11oeaHH_ll pocCHHCK0ro np0HJB0.11.CTBa. 

np11 npoee.11.eH1111 .11.eMoHcTJ)au.1111 JlJlll 11JMepeH111l xa­
paKTep11cT11K n-, y-HJJly'-leHH_ll 11CTI0JlbJ0Banocb CJleJlyioll.lee 

cneKTJ)0MeTJ)l14eCK0e 06opy.11.oeaH11e p0CCl1HCKOro np0113-

B0.D.CTBa: 

- y-cneKTJ)0MeTJ)Hll BblC0K0f0 paJpeweHHll Ha 0CH0Be 

O4f (Ey = 40-2900 KeB) - cneKTJ)0MeTP CKC-50Ge npo-

11JB0JlCTBa 'Tp11H Crnp"; 

- y-cneKTJ)OMeTJ)Hll HHJK0f0 paJpeweHH_ll Ha 0CH0Be 

Nal(TI) (Ey = 40- 3000 KeB) - cneKTpoMeTJ) CKC-50Sc 

npo11Jeo11cTBa 'Tp11H CTap"; 

- cneKTJ)OMeTJ) HeHTJ)OH0B 11 Y·KBaHT0B C KpHCTaJJJl0M 

CTl1Jlb6eHa 40 x 40 MM (Ey = 150-3000 KeB, En= 0,8-9 

MeB) - pa3pa6oTKa BHl1J1TcD. 

PaJlHaUHOHHble 113MepeHH_ll np0B0Jll1Jll1Cb B reoMeTJ)l111, 

HJ06p8)1(eHHOH Ha pHCYHKe np11 paJJJH4HblX KOH<pHiypatU1-
llX paJMemeHH_ll yJJJ0B c )].M e M0JleJJbH0H c6opKe (MC). 

11JMepeHl1ll np0B0J111JlHCb Ha BblCOTaX H, C00TBeTCT­

BYIOlllHX noJJ0)l(eHH_llM yJJJOB A, B, C, D, Ha paccTOllHHH L 
OT 0Cl1 MC: L = 780 MM - JlJlll nn)]., L = 783 MM - JlJlll 

CTl1Jlb6etta H L = 785 MM - .11.Jlll Nal(TI). 

11JMep.111111Cb pa.11.11auH0HHb1e nacnopTa CHCTeM C 51M 
K0T0pble JaH0Cl1Jll1Cb B 6aJy .11.aHHblX c ueJlblO nocneeyio­
ll.lero cpaeHeHH_ll. B 113MepeHH_llX HCTI0JlbJ0BaJJHCb lJeTblpe 

ccpep114eCKHX yJJla C .11.eTanllMH H3 51M, llBJllllOlllHXCll KOM­
noHeHTaMH al<THBHblX JOH CTeH.11.a JlJ]ll Kpl1TC60pOK

0

: 

-yJen I Al 0 0-93,2 MM, Pu 0 93,2-107 MM; 
-yJen 2 Al 0 0-107 MM, HEU 0 107,2- 134,8 MM; 

7 

H 

Y ee11b nona 
6 

re0Me,-p11.11 11JMepem1it I - -rpaHcnopTHblH K0HTei11-1ep AT398; 2 - MC; 3 - .11'1ei1K11 JlJlll c6opoK c 51M; 
4 - non11n1rneHOB8ll eCTaeKa; 5 - J111a(jlparMa JlJlll JaKpenne1111J1 c6opoK c JIM; 6 -ycraHoeKa p8)111au11-

0HHOH raMMa-nacnoprnJau1111; 7 - raMMa-cneKTJ)0MeTJ) 
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- Y3en 3 Al 0 0--20 MM, Pu 0 20--80,4 MM, Al 0 80,4-
135,2 MM, HEU 0 135- 150,8 MM; 

- y:3en 4 Al 0 0--20 MM, HEU 0 20,2- 106,8 MM. 

3nt Y3Jlbl, 3aKJJIO'!eHHble B CTaJJbHble o60JJO'!KH C Ha­

PY)l(HblM .n11aMe-rpoM 167 MM H BHYTPeHHHM ,nHaMe-rpoM 

151 MM H 3aMapKHpoBaHHble UHcjJpaMM 1-4 MOiyr ycTa­

HaBJJHBaTbC.SI s .R''-leHKH A, B, C, D no oc11 Mo,neJJbHOH 

c6opKH. KpoMe Toro, HMeeTC.SI BO3MO)KHOCTb .npyroro npo­

c-rpaHCTBeHHOrO pa.3MeLUeHH.R c6opoK c 5IM s MC (E, F, G, 
H, K, L). 

KpoMe npose.neHH.R tt3MepeHHH co c6opKar.rn c 5IM 

s COCTaBe MC s KOHTeHHepe H BHe KOHTeHHepa 6btJlH npo-

se.neHbl M3MepeHH.SI cneKTpOB raMMa-H3Jly'!eHH.SI' O,llHHO'l­

HblX 
11

fOJlblX
11 

Y3JJOB I, 2, 3, 4 B CTaJJbHblX o60JJ0'-1Kax BHe 

KOHTeHHepa H MC. npH H3MepeHH.Sl'X C O.llliHO'-IHblMH c6op­

KaMH 3 II 4 npOBO.llHJlHCb 113MepeHH.SI' cneKTJ)OB faMMa­

~13JJY'-!eHH.SI np11 H3BJJe'-!emrn 113 uett-rpoe c6opoK '!acrn 5IM. 

PeJyJJbTaTbl H3MepeHHH pa.nHaUHOHHblX nacnopTOB 

CHCTeM MC Bb16paHHblX KOHcjJHrypauHA, o6pa3yJOLUHX co­

OTBeTCTBYIOW.)'10 6a3y .naHHblX, npHee.neHbl B OT'leTaX H 

-rpe6y10T ,nanb1-1e11wero attan11Ja. 

CTaTb.R nocrym1J1a B pe.naKUHIO 26.02.2003 r . 
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<D113114ecKa.H Ja111.11rn nponrn x11111.eHHH HJHI HecaHK­

u.11ott11posaHttoro .noc-ryna w 11cnonbJOBaH11R H.nepHbIX Ma­

TepHanos (51M), 11X y4eT H KOHTµOJlb 6btJIH H OCTalOTC.H 

O.llHOH HJ Ha116onee sa)l(HbIX 3a,naq rocy.napcrn, 06na.nat0-

m11x .H,nepHblMl1 MaTepHanaMH. J1JMeHeHHe reonOJTl1TH'•le­

CKOro noJJO)l(eHl1.H Pocc1111 TTOTµe6osano HOBblX TTO.llXO.llOB 

K npo6JJeMaM cj>l1311'1eCKOH JalUl1Tbl, y4eTa 11 KOHTµO­

JI.H 51M. 

B 1993 ro.ny no pewett11t0 M11tt11CTµa Pocc11!-tcKoH 

<De.nepau.1rn □o aTOMHOH :mepnrn P<D51U,-BHl111T<D no.n­

KJII04HJICH K Me)K,nyHapo.nHOH nporpaMMe COTPY.llHl14eCTBa 

c ttau.110HaJJbHbIM11 na6opaTOp11.HM11 CWA no sonpocaM 

cj>l13114eCKOH Ja1Ill1Tbl, )'1-leTa J,l KOHTµOJJ.H 51.M. OCHOBHOH 

ueJJblO nporpaMMbl .HBJT.HeTC.H nOBblWeH11e Ha.ne)l(H0CTl1 

JalUHTbl 11 .5IM Ha OCHOBe BHe.npeHH.!I B CHCTeMy JalUl1Tbl 

cospeMeHHblX nepe,nOBblX TeXHOJIOrHH oxpaHbl 11 KOMnblO­

TepH3aUHH y4eTa 51M. 

nepBblM o6beKTOM .nJJ.H pa6oT no nporpaMMe Cl1CTeMbl 

cj>H3114eCKOH JaW.11Tbl, ylleTa 11 KOHTµOJJ.H 6b1Jla Bb16paHa 

nnow.a.nKa 11MnynbCHbIx 11ccne.nosaTenbCKHX peaJCTopos 

oT.neneHH.!I 3Kcnep1-1MeHTa11bHOH cj>HJl1KH BHl111T<D. npH 

Bbt6ope o6beKTa .nn.11 nepaoro 3Tana pa6oT no cosepweH­

CTBOBaH11t0 CHCTeMbl Y4HTblBaJl11Cb cne.nY!QW.11e cj>aKTOpbl: 

- Ha peaKTopHOH nnowa.nKe cocpe.noT04eHo JHal!H­

TeJJbHoe KOJJl14eCTBO .H.llepHblX MaTepHanos; 

- 3,naHl1.H .H,nepHblX peaKTopos BMeCTe C oxpaHHblMl1 

CHCTeMaMH coopy)l(eHhl OKOJJO 30 JJeT HaJa.n 11 HX MO.llepH11-

3au,11.H 6btJJa OCTµOH He06XO./ll1MOCTblO; 

- .H.llepHble MaTep11aJJbl, HCTTOJlbJyeMble Ha nnow.a.nKe, 

ltMelOT PaJHYIO <jJopMy (MeTaJIJI, paCTBOpbl, COJll1 H CMec11), 

4TO TTOJBOJIHJIO nposepHTb H BHe.llpHTb WHpOKHH cneKTµ 

MeTO.llOB HepaJpywat0111.ero KOHTµOJJ.H .5IM. 
Pa60Tbl no cosepweHCTBOBaHHJO CHCTeMbl JaW.HTbl 

BeJJHCb no qeTbtpeM HanpaBJJeHH.HM: 

- cosepweHCTBOBaHHe cj>HJH4eCKOH 3aW.HTbl; 

- Mo.nepH113aU.H51 CHCTeMbl ynpaaneHH.H .noc-rynoM; 
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- KOMnblOTepH3aUHH yqern H BHe.npeHHe HOBblX co­

speMeHHblX TeXHOJIOrHH B CHCTeMy y4ern; 

- BHe.npeHHe B CHCTeMy KOHTµOJJ)l MeTO.llOB Hepa3py­

wat01Uero aHanHJa 51M, ocsoeHHe H BHe)lpeH11e npoue.u.yp 

yqern H KOHTpOJJ.H 51M, BblTeKalOW.HX HJ cospeMeHHblX 

npasilll )'1-leTa. 

Cucme.Ma </JuJUl/ec«ou 3am.11mb1. B coorneTcTs1rn c 

Tµe6osaHAAMH K CliCTeMaM <pl13H4eCKOH 3aW.11Tbl Ha TTJJO­

IUa)lKe coJ.11.aHa TµexypoBHesa.11 Ja111.1na .H,nepHbIX MaTep11a­

nos, BKJII04al01Ua.11 B ce6.H TPH 30Hbl JaW.HTbl: 

- 38111.HW.eHHYIQ 30Hy; 

- BHYTµeHHIOIO JOHy; 

- oco6o sa)l(HYIQ JoHy. 

fpaHHUbl Jam11weHHOH 30Hbl JaW.HW.eHbl CHrHaJlbHblM 

orpa)K,neHHeM C TµaHcnopTHblM npoe3)lOM H Knn .llJIH 

npoxo)la n10.ne!-t. KITn ocHameH .llBYMH Ka6HHaM11 .11.oc-ryna, 

n03BOJI.IIIOIUl1MH B aBTOMaTtt4eCKOM pe)KHMe opramnosaTb 

npoxo.n s Jam11weHtty10 30HY COTPYAH11KOB. 

BHyTpeHH.H.H JOHa - :no co6cTBeHHO 3.llaHl1.H ,ll)lepHblX 

peaKTopos, s KOTOpbIx pacnoJJO)l(eHa oco6o B3)1(Ha.11 30Ha -

JOHa, B KOTOpOH HaXO./lHTC.H JalUHW.aeMblH MaTepttan (peaK­

TOpHble JaJJbJ 11 xpaH11n1-1wa 51M). BHYTµeHHH,11 JoHa 3aw.1-1-

111.eHa .llBYMH py6e)l(aMH oxpaHbl: 

- cj>HJH4eCKHMl1 cpe.ncrnaMH Ja.nep)KKH .noc-ryna; 

- :rneKTpOHHblMH cpe.ncTBaMl1 CH_fHaJIHJaU.HH. 

K cj>H3114eCKHM cpe,nCTBaM Ja)lep)l(Kt,( .noc-ryna OTHO­

C.HTC.H ycHJJeHHble MeTaJJJll1'-JeCKHe .11.sepH OCHOBHblX H Ja­

naCHblX BblXO)lOB J)laHl1H, MeTaJJJIH4eCKHe peweTKl1, ycrn­

HOBJJeHHble Ha OKOHHblX npoeMax. 3JJeKTpOHHble cpe,nCTBa 

CHrHaJJH38UHH :no npe)l(Jle scero BH6paUHOHHble ,naT4HKH 

"JJ,eJJb<jJ111-1", KOTOpblMH o6opy.nosaHbl peweTKl1 OKOHHblX 

npoeMOB, KOHTaKTHble .naT4HKl1, <jJHKC11PYIOWHe noJJO)Ke­

HRe .nsepeii (oTKpblTO - JaKpblTO), ,naT4HKH o6Hapy)KeHH51 

npHCYTCTBJ,l)l, 11HTerpi,rposaHHble c CHCTeMOH B11.lleOHa6mo­

.lleHH.H H B11.lleooueHKH .nJJH JaW.11Tbl nO)lX0.llOB K oco6o 

Ba)l(HOH JOHe. 



Oco6o am1rna,i 30Ha o6opyn.oaaHa -rpeMR py6e>KaM11 

TeXHH'leCKHX cpen.crn oxpaHbl: 

- WJll030BblMl1 Ka611HaM11 opraHH3aUH11 n.ocryna; 

- cpH3H'leCKHMl1 cpen.crnaM11 3an.ep>KKH n.ocryna; 

- 3JJeKTpOHHblM11 cpen.crnaMH CHrHaJJH3aum1. 

UJJJ103oab1e Ka611Hbl pa3MeweHbl Ha axon.ax e oco6o 

Ba>KHble 30Hbl 11 OCHa1UeHbl C'IHTblBaTeJJRMH 6ap-KOD.OB, 

eeC0BblM11 ycTpOHCTBaMH 11 11n.eHrncp11KaTopaM11 Jll1'-!HOCTl1 

no reoMe-rpmt PYKl1, nopTaJJbHblMH MOHHTOpaMH D.JJR o6-

Hapy>KeHl1R RD.epHblX MaTep11aJJ0B. 

K cp113H'leCKl1M cpen.crnaM 3an.ep>KK11 nocryna orno­

CRTCR naep11 nOBblWeHHOtt CTOHKOCTH, KOT0pble o6opyno­

BaHbl KOl10BblMl1 3aMKaM11 nOBblWeHH0H KpHnTOCTOHK0CTl1. 

BblXOllbl eeHTHJlRUl10HHblX KaHaJJOB 3aw11weHbl MeTaJJJJl1-

'leCKIIM11 peweTKaMl1. 

K 3JleKTpOHHblM cpencrnaM CHrHaJJH3au1111 OTHOCJITCR 

JJ,aT'll1Kl1 06beMHOro K0HTJ)OJIR noMeweHHH THna 
11
,[{0H

11 
11 

"KoHyc-3M", eMKOCTHble JJ,aT'IHKH "PoM6-5", K0TOpblMl1 

o6opyJJ.OBaHbl MeTaJJJlli'lCCKHe peweTKH, a TaK>Ke KOHTaKT­

Hble naT'IHKH, KOHTJ)OJ111pyiow11e noJJO>KeH11e JJ,Bep11. 3JJeK­

TpOHHble cpencrna Cl1rHaJJl138U1111 l1HTerp11poBaHbl C CHC­

TeMOH B113YaJJbHOrO Ha6JJIOJJ.eHl1R 11 BHneooueHKH. C11rna­

Jlbl C 3JleKTpOHHblX cpenCTB oxpaHbl 06pa6aTb1Ba10TCR 

Cl1CTeMOH c6opa 11 o6pa6oTKl1 11H<p0pMaUHH, pacnOJJO>KeH­

HOH Ha nyHKTe oxpaHbl. CJOJJ.a >Ke BblBen.eHbl Cl1CTeMbl 

ynpaeJJeHHR JJ.OCT)'nOM H CHCTeMbl B113YaJJbHOro Ha6JJIOJJ,e­

Hl1R H B11JJ.eooueHKH. 

Cucme.,ra y11pa1111eHUR oocmy110.~t. C11CTeMa ynpaa­

JJeHHR .nocrynOM BKJIJO'laeT B ce611 WJII030Bble Ka6HHbl 

C ycTaHOBJleHHblMl1 B HHX C'IHTblBaTeJJRM11 WTpHX-KOll0B, 

CHCTeM0H HJJ.eHTHcplfKau1111 JlH'IHOCTli no reoMeTpHH KHCTH 

PYKl1, nopTaJJbHblMH MOHHTOpaM11 RJJ.epHblX MaTepHaJJOB. 

8 HaCTOR1Uee BpeMR CHCTeMa <pH3H'leCKOH 3alUHTbl 

pea,..--ropHOH nJ101UaD.KH, a TaK>Ke CHCTeMa ynpaBJJeHIUI .llOC­

rynoM noJJHOCTblO CMOHTHpoeaHbl H HaXO.llRTCR B OnblTHOH 

3KCnJJyaTaUI1H. 

Cucmeitta I\OHmpollR II y11ema noep11btx Atamep11UJ108. 
8HenpeH11e HOBblX no.uxo.noa B CHCTeMy y'leTa 11 KOHTJ)OJIR 

11.uepHblX MarepHaJJOB npOB0.llI1JlOCb 6e3 113MeHeHHR cywe­

CTB}'IOLUeH CHCTeMbl y'leTa 11.nepHblX MaTep11aJJ0B, 'ITO o6y­

CJJOBJJeH0 -rpe6oBaHHRMII HOpMaTl1BHblX llOKYMeHTOB, .nei-\­

CTBYIOIUl1X Ha npe.anp11RTl111. OCHOBHOH 3aD.a'leH coaep­

weHCTBOBaHl1R y4eTa 11 KOHTJ)OJIR 51M RBHJlOCb C0311amIe 

l1HTerp11poBaHHOH C Cl1CTeMOtt .nocryna aBT0MaTl1311pOBaH­

HOH CHCTeMbl y4eTa 11 KOHTJ)0JIR 51M, n03B0Jlffi01UeH pe­

waTb cJ1enyiow1-1e 3a.aa'IH: 

- seem aBTOMaTH311pOBaHHblH y'leT 51M Ha acex CTa­

.lll1RX .llBH>KeHHR MaTep11ana; 

- H.lleHTHcp11UHpoeaTb 51M no pa.u11au110HHblM, Beco­

BblM xapaKTepHCTl1KaM H C 11cnOJ1b30Bam1eM 6ap-KOllOB; 

- o6ecne'IHBaTb PYKOBO.UCTBO onepaTHBHOH 11Hcpop­

MauHett O KOJIJ1l(ecrne H MeCTOHaXO>K.UeHHH 51M; 

- cywecrneHH0 ycKopRTb npouecc HHBeHTapIna-

u1111 51M; 

- nOBblWaTb 6e3onaCHOCTb nepCOHaJJa np11 y'leTe H 

KOHTJ)OJJe 51M. 

KoMnblOTepH3HpOBaHHaR Cl1CTeMa y'leTa H K0HTJ)OJJR 

RD.epHblX MaTep11aJJOB Ha peaKT0pHOH nJJOIUaD.Ke BKJIIO'laeT 

B ce611 .llHCneT'lepCKHH nyHKT Yl.JeTa H KOHTJ)0JIR 11.nepHblX 

MaTepHaJJOB H pa60'IHe MeCTa, pacnOJJO)l(eHHble B peaI..--rop­

HblX 3.UaHl1RX. Ha .UHCneT'lepCK0M nyHKTe pacnoJJO)l(eHbl: 

- pa60'IM CTaHUHR AHCneT'lepa no y'lery H K0HT­

pOJJIO; 

- pa6o4aR CTaHUHR onepaTOpa 6aJJaHca MaTepI1aJJa pe­

aKTopH0H nJJ0IUallKH c npHHTepoM 6ap-KO.llOB; 

- cepaep 6a3bl .aaHHblX; 

- MapwpYTH3aTOp llJIR CBR311 .UHCneT4epcKoro nyHKTa 

c pa6o'IHMH MeCTaMH, K0TOpble HaXOD.RTCR s peaKT0pHblX 

3.UaHHJIX. 

Pa60'!He MeCTa OCHalUeHbl : 

- K0MnbJOTepaMH onepaTOp0B 30H 6aJJaHCa MaTepHa­

Jl0B; 

- C'llffblBaTeJJRMH 6ap-KO.UOB; 

- 3JleKTp0HHblMH eecaMH n0BblWeHH0H T0'IH0CTH, HH-

Terp11poeaHHblMH C CHCTeM0H WTpHX0Boro KO.llHP0BaHHJI; 

- yCTp0HCTBaMH 11.neHTHcpHKaUHH 51M no panHaUH0H­

H0MY np113HaKy (raMMa-nacnopnt3aTop). 

CBR3b Me>KD.Y .u11cneTCfepcKIIM nyHKT0M H pa60'llfMl1 

MeCTaMH Cl1CTeMbl Yl.JeTa 11 K0HTJ)OJIR ocyLUeCTBJ!ReTCR 'le­

pe3 M0lleMbl no onT0B0JJOK0HHblM Jll1Hl1RM CBR3H. CHCTeMa 

ytleTa 11 K0HTJ)0JIR HHTerpHp0BaHa C CHCTeM0H ynpaeJJeHHJI 

.nocrynoM. OHa n03BOJJReT np0B0.llHTb KaK H.UeHTHcpHKa­

UHIO 51M, TaK 11 HJJ.eHTH!pH1-;au1110 nepC0HaJJa, KOT0pblH 

pa6orneT c 51M, a TaK>Ke opraHH30BaTb .uocryn K pa6ornM c 

11.uepHblMH MaTep11aJJaM11 11 HX K0HTJ)0Jlb. 

8 HaCT0R1Uee epeMR 3aK0H'leH M0HTa>K CHCTeMbl Yl.JeTa 

Ii K0HTJ)OJJR 51M, eeneTCR ee onb!THaR 3KCnJJyaTaUHR. 

8 3aKJ110'leH11e 0TMeTHM, 'IT0 B paMKax nporpaMMbl 

coeepweHCTB0BaHHJI cpH3H'leCKOH 381UHTbl, Yl.JeTa H K0H­

TJ)0JIR 11.uepHblX M8Tep11aJJ0B npon.eJ1aII 60JJbWOH o6beM 

pa6oT, no3BOJJHBWHH tte TOJJbK0 cywecrne,rno YJJY'IWHTb 

3alUIIT)', y 'leT 11 KOHTJ)OJlb 11.nepHblX MaTep11aJJ0B, HO 11 no.n­

HS!Tb HX Ha Ka'leCTBeHHO HOBblH ypoeeHb. 

CTaTbR nocrynHJJa e pe.naKUIIIO 26.02.2003 r • 



CO.LJ.EP)KAHJ1E 

Mazoa 3 . n., KoULMflKO<J B. n., Kpynw, (/)_ n., f(ypa­
KO<J H. n., KpblJ/CaHO<JCKUZI B. A., fle<JaKO(J E. r , 
MapKO<J B. H. , llocpe6o<J 11. C., llono<J M. r , C11on­
KO<J A. A., TacKwt B. E., t/epaute<J B. 11. YIMITYJTbCHbie 
peaKTOpbl B vlHCTl1T)'Te TexH11•1eCKOH cj>l13HKH . . . . . . 3 

Apme.MbeB B. A. Ou.eHKa KpHTl14eCKHX napaMeTPOB 
peaKTopa Ha TeITJTOBblX HeHTPOHax C aKTHBHOH 30HOH 
HJ HaHOCTPYKT)'pHoro MaTep11ana . . . . . . . . . . . . . . . . 7 

K011eco<J B. (/). , XopyJ1Cuii B. X Bap11aHTbl anep110.n.11-
4eCKHX 11MITYJTbCHblX peaKTopoe C cj>opc11poeaHHhlMH 
napaMeTpaMl1 HMITYJJbCOB . . . . . . . . . . . . . . . . . . . . . . 13 

Kpbl:>ICGIIO<JCKUU B. A., Mazoa 3 . n., EO'IKO<J A. B. 
36P-Jl - 3Kcnep11MeHTaJTbHaJI ycTaHOBKa .n.mt HCCJJe­
.n.oeaHHII JJa3epoe C 11.nepHOH HaKalJKOH . . . . . . . . . . . . 28 

I'ope.;106 B. n., I'pe6e11HUKO<J A. H. , l1J1bllH B. 11., (/Ja­
pa¢oHtno<J r I' vl.CITOJlbJOBaHHe BTOp11•1HblX HeH­
TPOHHblX KOHCTaHT npH pac'leTax xapaKTepHCTl1K 
KpHTl14eCKHX c6opOK 6e3 OTPIDKaTeJJI! HJJH C OTpa)l(a-
TeJJeM HJ Be . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 

A6J1eCUMO<J B. E., YllbflHO<J B. M., EoRpUHl(e<J B. A., 
Y<Japo<J H. A., )KumHuK A. K., Cy.,1Ku11 11. fl. , I'opw­
KO<Ja 11. A., Ma.111ae<Ja E. A., Mafiop1111K06 B. C., 06-
'l111111uK06 M. A. vlJMepeHHe BblXO.!la 11MITYJlbCHblX 
HCTO'lHHKOB ,z::i;T-HeHTpOHOB MeTO.ll.OM aKTHBaUHH 
cu11HTHJJ1111Topa Nal(Tl) . . . . . . . . . . . . . . . . . . . . . . . . 41 

BR'lll/1 B. H., I'epl/Oc n., I'ype6U'l r M , Ep3UHK5/H 
A. fl., flyxaHWI A. A., llap¢e11o<Ja B. n., Ce<Jepuu11c 
H., Tonopo<J JO. r, (/JzuiUM0/106 B. T CnHH-3aBHCH-
Mall yrnoea,i aHHJOTPOITHII aJThq>a-pacna.ua H CITOH­
TaHHOrO .n.eneHHII opHeHTHpOBaHHblX TPaHcypaHOBblX 
11.nep(npoeKT3Kcnep11MeHTa) . ......... . . . ...... 44 

flb1:J1Cu11 A. E., Kocme11Ko 11. 11., Kponomyxu11 A. r, 
KypaKO<J H. n., fle<JGKO<J E. r, OnapzlH B. M, lly-
006 B. n., CoKOJIO<J JO. A. faMMa-0611y'laTeJ1b Kpyn­
Hora6apHTHblX o6pa3UOB Ha OCHOBe pa.!11-taUHOH­
Horo KOHTypa C TOITJlHBHblM paCTBOpOM peaKTOpa 
5JfY AP . ... . . . ..... ... ........ . ............. 51 

KacbRH06 C. JO., Kocme11Ko 11. 11., flapl(e<J B. /L, 
lla1,.yJ1e6 IL B., CoKOJI06 JO. A., TepexuH B. A., t/ep­
uyx1111 JO. 11. O6Jop pa6oT no eonpocy 11.n.eHrncjl11Ka-
u1111 11.nepHblX MaTepHaJTOB . . . . . . . . . . . . . . . . . . . . . . 56 

EoKape<J B. (/). , 3ye<J B. 11., KypaKO<J H. ll., Ca6UH 
H. H., Tepexzm B. A., /..{blcaHK06 r C. YcoeepweHcT­
eoeaH11e CHCTeMbl q>H3H4eCKOH 3aUJ.HTbl y4ern H 
KOHTpOJlll 11.n.epHblX MaTepHaJTOB Ha ITJIOUJ.a.nKe HCCJTe­
.llOBaTeJJbCKHX peaKTOpOB OT.lleJleHHII )KCnepHMeH­
TaJTbHOH cjll1311KH P<1>5JLI.-BHvlYIT<l> . . . . . . . . . . . . . . 59 

CONTENTS 

Magda E. P. , Koshmyakov V. P., Krupin F. P., Kura­
kov N. P., Kryzhanovski V. A., levakov B. G., Mar­
kov V. N., Pogrebov I. S., Popov M. G., Snopkov 
A. A., Taskin V. B. , Cherashev V. I. Pulse reactors in 
the institute of technical physics . . . . . . . . . . . . . . . . . 3 

Artem 'ev V. A. Estimation of critical parameters for 
thermal reactor with active zone made of nano-
structured materials . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Kolesov V. F., Khoruzhi V. Kh. Versions of aperiodic 
pulse reactors with forced pulse parameters . . . . . . . . 13 

K,yzhanovski V. A., Magda E. P., Bochkov A. V. 
EBR-L experimental facility aimed at studying nu­
clear pumped lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Gore/av V. P. , Grebennikov A. N., lljin V. I. , Fara­
fontov G. G. Use of secondary neutron constants at 
calculations of the critical assemblies characteristics 
without the reflector or with the reflector from Be . . . 31 

Ablesimov V. E., Uljanov V. M., Bojarinlzev V. A., 
Uvarov N. A., Zitnik A. K., Sumkin I. L., Gorsh­
kova I. A., Mamaeva E. A., Majornikov V. S., Ovchin­
nikov M A. Mesurement of pulse OT-neutron sources 
yield using Nal(Tl) scintillator activation method . . . . . 41 

Vyachin V. N., Gertsog P. , Gurevich G. M., Erzin­
kyan A. l., lukhanin A. A., Parfenova V. P., Se­
verijns N., Toporov Yu. G., Filimonov V. T. Spin­
dependent angular anisotropy of alph-decay and 
spontaneous fission of oriented transuranium nuclei 
(experiment project). . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

Lyzhin A. E., Kostenko I. !., Kropotukhin A. G., Kura-
kov N. P. , Levakov B. G., Oparin V. M., Pudov V. P., 
Sokolov Yu. A. Gamma-irradiators of large samples 
based on radiation contour with fuel solution of 
yaguar reactor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

Kasianov S. Yu., Kostenko I. !., Lartsev V. D., Paku-
/ev D. V., Sokolov Yu. A., Terekhin V. A., Chernu­
khin Yu. I. Review of activities on nuclear materials 
identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Bokarev V. F., Zuev V. !., Kurakov N. P. , Savin N. I. , 
Terekhin V. A., Tsygankov G. S. Modification of the 
system of nuclaer materials physics protection 
account and control at the site of reasearch reactors of 
RFNC-VNIITF experimental physics department . . . . 59 



OrneTCTBeHHhlH 3a BhmycK B. <D. Konecoe 

Pe.naKTOp B. M. Tanipoea KoppeKTop E. A. KoeaneHK0 
KoMnblOTepHaH no.nroT0BKa op1,mmana-MaKeTa M. C. Mell.lepHKoea 

Tio.nn11caHo e netJaTb 28.08.2003 <DopMaT 60x84/8 
O<!JceTH. netJ. Yen. netJ. 11. 7,5 YY.-113.!l. 11. 9 

T11pa)I{ I 50 3K3. 3aK. nm. 707-2003 l1H.!leKC 3646 IO CTaTeH 

OmetJaTaHO e <DrYn P<D51~- 8Hvlvl3<D v!TIK 
607190, r . Capos HH)l{eropo.ncK0H 0611. 

TIA Ng 00568 OT 22.05.2000 



■
-

IS
SN

 0
20

5-
46

71
. 

B
o

n
p

o
c
b

1
 a

T
O

M
H

O
li 

H
a

yK
H

 K
 T

e
X

H
K

K
K

 

C
e

p
. 

<
l>

K
JK

K
a

 1
1.

11
ep

H
bl

X
 p

ea
K

TO
po

e,
 2

00
3,

 B
bl

n.
 1

-2
, 

1-
61

 

=
 

g ff
) ,:
 

t'
) 

~
 t 0

-,
 




