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PE.!J,AKUHOHHAJI KOJlJIEfHff CEPHH: 

A.IO. rarapt1HCKHII (rnaBHblll peAIXTOp), B.n. ropll'ICHJ<O, C.M. 3apt1UKHII (38M, rnasHoro 
pe.o.aKTopa), B.41. Konecos, T.n. 4>eAocees (0TB. ceKperap1,), ff.B. lllesenes 

PE.D.AKUHOHHAJI KOruIEfHJI BblilYCKA: 

B.41. Konecos (rnasHb!A penaKTop), 3.H. A6p&Mosa (0TB. ceKperapi,), A.M. BoKHOB 
(38.M. rnasHoro peAaJ<Topa), B.r. 3arpaq>os, M.H. KysWHHos, C.A. HoBHKOB, 
H.C. norpeoos, B.M. Tan1,13HH, B.A. TepeXHH, C.K. lllnpes, B.H. IO¢>epes 

B cepHH "4'H3HKa 11.[lepHblx peaKTopoB" ny6nHKYJOTCII MaTepHanl,I no cne.[lYJQWHM BonpocaM: 
- TeopHJI ff MeTO.[11,1 pac11en ll.[lepHblX peaKTOpoB, 6naHKeTOB TepMOJIJlCpHl,IX peaKTOpoB, Pa.lXKIUHOKHOII 3aWM· 

Tbl, nepeHoca H3ny11eHKII; 
- npo6neMl,I o6ecnelleHKII paC'ICTHblX ff 3KCnepHMeHTam.HblX HCCflC.[lOBaHJdl nporpaMMaMH .[lnll 3BM; OID!Ca­

HHII ff aHHOTauHH nporpaMM, KOMIDleKCOB ff CHCTeM nporpaMM; 
- pac11eTHble HCCflC.[lOBaHHII no ct,H3HKe 11.[lepHblX peaKTOpoB, 6naHKeTOB TepMOJIJlepHl,IX peaKTOpoB, p8,lllla• 

IDIOHHOll 3aWHTbl, nepeHoca H3ny11eHKII; HccnenoBaHHII OT.[lCflbHblX acneKTOB pa3BHT!il 11.[lepHolt 31f~l)l'CTHKH; 
- 3KCnepHMeHTanbHble MCTO.[11,1 ff 3KcnepHMeHTanbHble Hccne.[lOBaHHII no ct,H:JMKe JIJlCpKblX peaKTOpoB ff B nepe­

'IJICnelilllJX CMellCHhlx 06naCT11x; 
- MaTeMaTHIICCKHe npo6neMM TeopHH nepeHoca ff TeopHK peaKTOpoB. 

B Bl,lflYCKax "HMnyflbCHble peaKTop1,1 ff npoCTble KpHTH'leCKHe coopKH" ny6nHKYJOTCII CTaTYI, OXBllTb!BalC)IUMC 

cne.[lYJOWHe KOHKpeTHble npo6neMM: 
- KHHeTHKa H .[lHHaMHKa HMflYflbCHl,IX peaKTopoB H 6yCTepoB anepHO,llll'lecKoro .[lCACTBHII; 

- KOHCTpYKUHH H ct,H3K'leCKHe xapaKTepKCTHKH .[leltCTBYJOWHX Hnff npoeKTHpyeMbIX HMnynbCHblX peaJ<TOpoB; 
- OllblT 3KC!DlyaTauKH HMflYflbCHblX peaKTOpoB; 
- MCTO.[lHKK ff pe3ynbTaTbl npoBO.[lHMblX C noMOWWO HMayrn.cHbl.X peaKTOpoB 3KCnepHMeHTOB; 
- KpKTH'leclOle H npyrae HellTpoHHo-ct,H3H'leclOle xapaxTepHCTHKH npoCTblx coopoK H3 .[lenJIUDIXCII sew.ecTB; 
- HCnonl,JQBaHHe HHTerpanhKWX 3KCDepHMCHTOB Ha npoCTWX KpHTH'ICCKHX coopKaX .[l1IJI nposeplOl MKoro-

rpynnos1,1x HellTpoHHl,IX KOHCTaHT; 
- 11.[lepHasl 6e3onaCHOCTI, HMnyflbCHl,IX peaKTopoB H npoCTblX KpHTH'ICCKHX coopoK. 

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

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

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

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

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

tical Assemblies": 
- kinetics and dynamics of pulse reactors and boosters of aperiodic action; 
- designs and physical chaxacteristics of working and projected pulse reactors; 
- operational experience of pulse reactors; 
- procedures and results of experiments performed with pulse reactors ; 
- critical and other neutron-physical characteristics of simple assemblies of fissile material; 
- integral experiments as applied to simple critical assemblies to test multigioup neutron constants; 
- nuclear safety of pulse reactors and simple critical assemblies. 

~ HHCTHTYT aTOMHOlt 3HeprHH HM. H.B. Kyp'laTOBa, 1989 
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YJU< 621.039.51 

PACTBOPHbl0 BMITYJibCHbl0 PEAKTOP BrPHK 

A.B. Ke~poe, n.c. IlRJIHH, n.n. ConOHl.l;OB, B.B. TaCKHH, 
H.H. Heeowmtnm, A.H. TKaqeHKo 

lJ,aHo KpaTKOe OllHcaHHe KOHCTpYKUIIH pllCT!lopHOro HMDy1U,CHOro peaI<ropa HrPHK. IlpenCTaBneHW pe3YllJ,TaThl H3Mepemdl ll;IlepHO­
ct,H3HqecKHx H ,llHHaMHqecKHx xapaKTepHCTHK, IlOK838HO, 'lI'O JlOCTHrHYThle Ha peaKTOpe Hf PHK DapaMerpLl HMny)')l,(X)B neneima JIBn.-mca 
peKopJll{LlMH IIO YllMWIOMY 3fleproal,lJleneHHIO W1JI paCTBopHLlX HMnynl,CIUJ.X peaI<TOpoB, 

SOLUTION-TYPE PULSED REACTOR HfPHK. A.V. KEDROV, P. S. LYAPIN, L.L. SOLONTSOV, V.B. YASKIN, N.N. NEVODNICHY, 
A.I. TKACHENKO. A short description of solution-type pulsed reactor HfPHK design is given. Results of nuclear-physical and dynamic 
characteristics measurements are presented. It is shown, that _parameters of fission pulses achieved on HrPHK reactor ue reoord by 
specific energy release for solution-type pulsed reactors. 

BBE.QEHHE 

HMnym,cm,m roMoreHHh!H peaI<top HcmIraren&Horo 

K0MfUieKca (IITP11K) c paCTBopHOH aKnmHoii 30H0H (A3) 

npe,D;l{a3HatleH A1JH pa6otbl KaK B HMII}'JlbCH0M, taK H B 

CtaTHlleCK0M pe)f(J{Me Ha M0IUH0CTH TJ.0 15 KBT. B HMIIYJU,C­

H0M pe)K}{Me peaJIH3yetCH 3Hepr0Bbl,l].eneHHe OT 3 TJ.0 

60M)l)I(. 

OCHOBHOH OC06eHHOCTblO peaKtopa 11rPl1K HBnHeTCJI 

TO, 'Ito paCTBop CnHBaetCR H3 A3 B cneUl{anbHble 6amJOHbl· 

xpaHHnHrua, pa3Mememn.Ie 3a 6Honorn11ecKoii 33UlHtoii. 

B pe3Yn&rare caM Kopnyc He HMeer 6HonornqecKoii 33lllH­

T&I, qyo cymecmeHHo YBenH'IHBaeT 06ny11aren&Hb1e B03· 

M0)l(H0CTH peaKtopa 0K0no OOKOBOH noBepXH0CTH. 

OCO6EHHOCTH KOHCTPYKUHH 

O6lllHH BHTJ. peaKtopa IITP11K cxeMaTHqecKH npeTJ.­

CTaBneH Ha pee. 1. CoctaB A3 peaKtopa - pacmop conH 

ypaHHncyn&4>ara B nerKoii BOTI.e (p = l,11 r/cM3, KOH· 

nem:paUHH ypaHa B pacmope Meµ;H - 116 r/n, o6orameHHe 
2 3 5 u - 90%). A3 p33MeruaetcH B T0ilCT0CTeHHOM u;HJIHHTJ.· 

pl{'leCKOM Kopnyce H;l HeplKaBe10meii CTaJIH TJ.HaMetpoM 

610 MM H BbICOTOH 1090 MM. 

Ce11eHHe Kopnyca A3 no BePTffKaJIH noK33aH0 Ha 

pHc. 2. Kopnyc 5 peaKtopa HMeer TI.Be nonocm: BepXIDUI 

2 (4> 250x450 MM) HCil0ilb3yeTC.ll B Kallecme peamepa 

M.11 MeXaHH3Ma H'Meyn&CHbIX CTep,KHeH (11C) ; HH)l(­

IDl.ll 8 (¢ 310x510 MM) HBMeTC.11 3KCnepHMeHTanbHl,IM 

KaHanoM TJ.n.11 pa3MemeHHH o6rryqaeMbIX o6pa3UOB. 

Kopnyc H3rotoBneH H3 TTOKOB0K KHcn0T0CTOHKOH 

etanH 1Xl8H10T. K Hap~oif creHI<e T0ilUIHHOii 50 MM 

'KeCTK0 npu:KpeI1JieHa CBHHUOBa.11 33UIHta 6 T0nUIHHOH 
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PHc. 1. CxeMa p83MelUlHWI peaI<ropa HfPHK B J,!IIHHH: 1 - Mex• 
HH3M HC; 2 - Kopnyc A3; 3 - HC (BepXHHA ynop); 4 - TOID!HB· 
HJ,tll pacmop; s - DOACTaBKa; 6 - Tpyl5onpoBOA nona'lK H CnHBI 
paCTBopa; 7 - 3irpYlO'IHoe yCTpollcnio; 8 - A03Hpyx>uudt Ha.coc; 
9 - ct,HJU,Tp; 10 - 6annoHhl-Xp8HHJIHUia 

70 MM. B HeH HMeeTCJI OKH0 4 300x 180 MM ,!1J1J1 BblXOTJ.a 

H31IY'leHHJI, TOillllHHa CTeH0K Kopnyca B 3KCnepHMeHTanb­

HOM KaHane 5 MM, '11'0 He MO)l(eT 06ecne11HTb Heo6xoµ;H­

MOK npollH0CTH npe Harp~eHHH Kopnyca BHYtpeHHHM 

TI.aBneHHeM BO BpeMH HMnynbca. Ilo3TOMY CHap~ B 

HJ.OKHIOIO non0CTb BCTaBneHa CHJI0BaH rHnb3a 3 .H3 CTanH 

30XfCA ronUlHHOH 10 MM, Kotopa11 H BocnpHHHMaer 

Harpy3KY. 
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<1> 760 

PIie. 2. 06u.oot BHA Kopnyca A3 

CBo6o,u;noe npocrpaHCTBO B Kopnyce A3 7 H3A ypoB• 

HeM pacrnopa BbIDOIIHeHO B BH.U.e 11a6HpHJ1Ta, TaK 'ITO p33· 

netalOI.UHHCJI B MOMeHT HMny1lbCa pacrnop 'laCTH'IHO raCHT 

CBOIO 3Hepnuo Ja C'leT peJKoro HJMeHeHHJI HanpaurreHHJI 

.a;BH)KeHKJI. B pe3yn&rare y.u.aeTCR cymeCTBeHHO ocnal'MTb 

y.a;ap paCTBopa B BepXH1010 KpbIWKY Kopnyca A3. 
Ha BHyTpeHHeii noBepXHOCTH KOpnyca A3 HapeJaHa 

no CIIHparrH KllHaBKa, H33Ha'leHHe KOTOpoH CHHJHTb TeM­

neparypHbie HanpR)KeHH.11, BOJHHKaJOIUHe B Kopnyce BO 

BpeMJI HMnyIIbCa. 

B BepXHeii KpbIWKe Kopnyca HMeeTCJI ween OTBep­

CTHii I (cM. pHC. 2). B 'leTblpeX HJ HHX pacnoIIO)KeHbl nu:tb· 

Jbl HJ Hep)Kaue10meii CTllJIH (,D;HaMerp 45 MM, TOIIIUHHa 

CTeHOK 4 MM). BHyTpH KOTOpbIX nepeMeIU310TCJI peryrrH­

PYIOIUHe CTep)KJ{H. furoe OTBepcme HCil01Ib3yeTCJI ,ll;1IJI 

BblpaBHJmaHHJI .u.auneHHJI Me>K,ny KopnycoM H 6annoHOM• 

xpaHHIIKI.UeM npH JaJIHBKe H CrrHBe pacTBopa, a TaK)Ke 

,ll;1IJI no.a;p&ma cMeCH 2H2 + 0 2 , 06paJyx>meifcJ1 B Kopnyce 

A3 nocne HMnyn&ca B peJyn&rare pa,D,HoIIHJa BO,ll;bI. llle­

croe OTBepcTHe MO)KeT 6b1Tb HCilOIIbJOBaHO ,ll;1IJI BBe,D;eHKJI 

B Kopnyc n11roro HC K1IH ,a;nJ1 HJMepemm .u.aurreHKJ1, reMne­
parypbI, pacnpe.u.eneHKJI qacna ,11,eneHHH Henocpe.a;crneHHo 

BHyTpH Kopnyca A3. 
B HK)KffeH 'laCTH Kopnyca HMeeTCJI ornepcTHe JJ,HaMeT· 

poM 7 MM .a;n.11 no.a;a'IH H CrrHBa pacrnopa. 
061U3JI MaCCa KOpnyca co CBKHnOBOH J3IUHTOH 
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3500 Kr. Kopnyc YKpeI11IeH Ha .a;ByXMerpoBoH no.u.crauKe 

C noMOI.UblO peJHHOBb[X aMOpTHJaTOJ)OB, KOTOpbie .a;eMn­

q>KpylOT ero nepeMemeHHe B npouecce HMnyn&ca KaK 

BBepx, TaK H BHHJ. 
OpHraHanbHO peweHa reXH011om11ecKaJ1 cxeMa peaK­

ropa HrPliK. ToI11IKBHbIH pacrnop cnHBaerCR HJ Kopnyca 

A3 B 6arrnOHbl•XpaHHJIKI.Ua, HMelOIUHe 11,11,epHo'.6e30naCHylO 

reoMeTpHIO. B Kopnyc A3 pacrnop no.u.aerCR c noMOlUblO 

,11,oJHpy10mero MeM6paHHoro Hacoca Henocpe.a;crneHHo nepe.u. 

npoHJBO.U.CTBOM HMnyIIbca B OTCy-TCTBHe 1110.u.eif B peaK­

TOpHOM Jane. Tiocne OKOH'l3HHJI pa6oTbl pacrnop C1IHBaeT­

CJI Ja 6H0110rH'leCKYIO JaIUHTY, TipH Heo6xo,D;HMOCTH paCT· 

BOP MO)KeT 6bITb C1IHT HJ KOpnyca A3 (K1IH nepeKa\faH 

HJ OCHOBHoro 6arrnoHa-xpaHHJIHI.Ua) B pe3epBHbIH. 0CHOB· 

HOH 6annoH-XpaHHJIKme Ha Hap~oii noBepXHOCTH HMeeT 

BO,IJ,l[HylO py6aWKy, no Koropoif ocymecrnMeTcJI J..D{PKY· 

manu1 BO.a;bI c uenb10 oxn3JIC,ll;eHKJI pacrnopa B npoMe)l(}'T• 

Kax MelK,lzy KMnynbcaMH. Bo.a;a UHPKY11Hpyer no JaMK• 

HyTOMY KOHT)'PY 11epeJ reI111006MeHHHK, pacnono)KeHHhIH 

sHe peaKTOpHoro Jana. 
Me>K,ny KopnycoM A3 H 6annoHOM•XpaHHJlHI.UeM yCTa­

HOB1IeHb1 CH1Ibq>0HHhie IlHeBMaTH'lecKHe KnaDaHbl, paCC'IH· 

TllHHbie Ha .u.auneHHe 2.107 Ila H B&I.a;ep)l(l{BalOIUHe KpaT­

KOBpeMeHHbie HMny11bCbI .u.auneHKJI, BOJHKKalOIUHe nJ:M 
pa6ore peaKropa. 

OPrAHbl PErYnHPOBAHIUI PEAKTHBHOCTH 

Ha sepXHeH KpbIWKe Kopnyca A3 cMoHTHpoBaH Mexa­

HHJM HC. qeTbtpe HC ofue.a;HHeHhI B o,u;ny CB.IIJKY H MO· 

ryT nepeMemaTbCJI B.U.011b OCH peaKTOpa C noMOIUblO 
MexaHH11ecKoro npHBo.a;a. TaKHM o6pll30M, cymeCTByer 

BOJMO)KHOCTb Me,[1,11eHHoro BBO,D;a peaKTHBHOCTH, 'ITO 

Ba>t<HO npH pa6oTe B CTaTH'leCKOM pe)KHMe. KpoMe roro, 

BOJMO)KHO nepeMemeHHe BepXHero ynopa HC, 'ITO orpa­

HH'IHBaeT HX Bbmo.u. HJ A3 ,[1,11.11 peamtJan:HH Ma1JblX JHep­

roBbl,ll;eJieHHH npH pa6oTe B HMnyIIbCHOM pe)KHMe. 

Tiono)KeHHe CTep)KffCH <t,HKCHpyeTC.11 Ha nyIIbTe ynpau­

neHH.11 no YKa33Te11IO nepeMemeHHJI C TO'IHOCTblO 0,1 MM. 

,IJ,nJI pearrHJ3Jll{H HMnyIIbCHoro pe)KHMa HMeeTCJI BOJ• 

MO)KHOCTb 6bICTporo nepeMemeHKJI BceX HC O.a;HOBpeMeH­
HO HJ KpaHHero HK)l(Hero Il01JO)KeHKJI B KpaHHee BepXHee 

c IlOMOlUblO IlHCBMaTHKH, a TaK)Ke nyreM c6poca crep)K­

Heii: BHHJ. CTep)KJ{H B&mO,ll;JITCR HJ A3 Ja ~0,I c. 

CTep)KffH HJrOTOB1IeHb1 B BH.U.e K011bUeBb[X UH1IHH.a;p0B 

HJ rn.a;pH.a;a 11HTHJI ( 6 LiH), repMeTH'IHO JaBapeHHblX B 

'leXJibI HJ Hep)l<llBe!Omeii CraJIH. 3q>q>eKTHBHOCTb 'ICTbipex 

HC ~ 5 ~3<1> .a;n.11 C1JY'laJI, Kor.u.a nonocn ,ll;1IJI 06ny'leHHJ1 
He 3arpy)KeHa. 

lliTbIH HC HMeer .a;Ba KpaHHHX nono)KeHKJI H ynpau-
11J1eTCJ1 T3K)Ke C nOMOIUblO nHeBMaTHKH. HanK'IHe taKO· 

ro crep)KHJI no3Bo11J1er yuerrH'IHTb BBO.a;HM)'IO peaKTHB· 

HOCTb H TeM CaMbIM nO,!J;WITb ypoBeHb MaKCHManbHO pea-
11HJyeMoro :meprOBbI.a;eJieHHJI, a TaK)Ke KOMneHCHpoBaTb 

OTpHUllTeIIbHylO peaKTHBHOCTb, BHOCHMYIO npH Jarp~e-

l 

• 



HHH B K&Ha1J KOHBCpTHpylOl.llHX BCT8BOK, MaxatMaJibHaJI 

c1<:opocn. BBO,u,a pea1<:THBHOCTH B peal<:Tope HfPHK 

~60/33ct,' 

B H&CTO.ll~e BpeM.11 pa3pa6oTaHa KOHCTpykll,HJI HOBOfO 

MCXaHH3Ma HC (MHC) • Ka)K,[l,J,rii H3 llfTH HC 6yp:er 

ynpaBil.llThC.11 HC3aBHCHMO OT p:pymx, npH'ICM npeA}'CMOTpe• 

Ha BO3MO)l(l{OCTh H3MCH.11Th CKOp0CTb BbIBOA8 CTCp)l(l{CH 

H3 A3. BBe,u,eHHe HOBoro MHC no3BOJUICT cymecmeHHo 

IIOBblCHTb <l>YHKUHOH&nbHbIC BO3MO)l(l{OCTH peaKTOpa 

HfPHK. CyMMapH1,rii 3anac peaKTHBHocm Bcex MTR HC 

AOCTHf 6 /33ct,' qro 06ecnet0maeT BO3MO)l(l{OCT!, npoH3BOA· 

CTB3 HMIIYJ1bC3 C H36WTOqffOH peaKTHBHOCThlO 5 /33ct, H YBC· 

11H'ICHHC :meprOB!,JACJJCHH.11 B A3 Ha ~ 20%. IlpH pe31IH33· 

UHH HMIIY1IbCHOro pe)l(HM3 CCTh .D,Ba cnoco6a 33,U,3HJUI'. crap­

TOBOfO COCTO.IIHH.II: 

- MCX3HH3MOM HC o6ecne'IHB3CTC.II IlO]I]{OC BbIBC­

ACHHC CTCJ))l(HCH H3 A3. ,IJ.n.11 IIOny'leHH.11 rpe6yeMoro :mep­

fOBbJ;IJ.CJJCHH.11 H3MCH.IICTC.II H311aJTbHbrii ypoBCHb paCTBopa; 

- pa3JIHqff!,IC 3HeprOB!,JACJJCHH.II pe31IH3YJOTC.II IlpH IIO· 

CTO.IIHHOM ypoBHC paCTBopa B A3 BCJJCACTBHC H3MCHCHH.II 

3anaca peaKTHBHOCTH HC nyTeM orpaHHqeHH.11 HX BhlBOA8 

H3 A3. 3aBHCJU,«>CTh BHOCHMOH opraHaMH peryJIHpOBaHH.11 

pe31<THBHOCTH OT HX IlOJJO)KCHH.11 B A3 H OT 3arpy3JCH 

3KCilCpHMCHT3JlbHOro KaHaJI3 IlpHBCACHa H3 pHC. 3. 

0 80 160 240 320 400 
H, MM 

Pile. 3. 3aBHCKMOCTJ, peaKTHBHOCTH HC OT rny6HH1,1 HX norpy,KeHH11 

B A3 

IlpH pa6oTe B CT3TH'ICCKOM pe)KHMC Ilp0HCXO.[U{T pa3O· 

rpeB pacrnopa. ,IJ.n.11 KOMilCHC3UHH BO3MO)1(1{0fO CffH)KC• 

HH.11 yp0BH.II MOIUHOCTH, 06yCJJOBJJCHHoro p330rpeBOM, 

OC~CTBil.llCTC.11 BbJ;IJ.BH)KCHHC HC H3 A3 HJJH AOJJHB TOnnHB· 

Horo pac-raopa H3 6311JloHa-xpamuuuua. 

XAP AKTEPHCTHKA HMTIY JlbCOB )lEJlEHHR 

Ilpu reHepHpoBaHHH HMIIYJ11>ca p:eneHHH peaxrop nepe­

BOAffTC.11 B H3,11,XpHTH'ICCKOC COCTO.IIHHC AO 5 /3
3

ct,. 

MexaHH3M raweHH.11 peaKTHBHOCTH onpeACJUICTCJI B 

OCHOBHOM H3MCHCHHCM ofueMa A3 33 CIICT teMIIeparyp­

HOro pacllD{pCHH.11 pacrnopa H BCJICACTBHC o6p330BaHH.II 

p3AffO.JIHTIACCKHX ra3os•>. BIC1Ia,u. Kll)f(AOro H3 YJ<:333H· 

•) Ot3oB A.H., KonecoB B.41., Conones r .r. ~3.MHJCa roMo­
reHHWX BO)lHJdX HMJtyJ11,CHl,IX peaJCTOpoB. - BAHT. Cep. HM1JY11i.c• 
!Ible peaJ<TOpbI H opoC11>1e KJlHTHqecJ<He c6opJ<H, 1985, ewn. 1, 
c. 22 - 31. 

HblX MCxaHH3MOB H3MCH.IICTCR: B 33BHCHMOCm OT 3HCp­

fOBbJ;[J.CJJCHH.11 B A3. 

IlapaMeTphl HMIIy1Ibca ACJJCHHH (<t,opMa, IIOJIYWHPH· 

Ha, 3HCprOB!,JAC1ICHHe B A3) CJJO)l(HbIM o6pa30M 38BHC.IIT 

OT BBOn,IMOH peaxTHBHOCTH, reoMeTpHH A3 H OT 3arpy3· 

KH K3Ha113 pea1<:Topa B CBR:3H C B03M0)1(1{J,IM H3MCHCHH· 

CM BpeMCHH )l(H3HH HCHTp0HOB H reoMCTpHH A3. 

,IJ.nJI H3MCpeHHJI 3HeprOB!,JACJJCHH.II B A3 B HMJJY1IbC­

HOM pC)l(HMC HCil01Ib3YJOTCJI A3T'IHK HCHTp0HHO·TCpMH• 

'lCCKOH 6atapeH, IlpeACTaB1IJIIOIJ..IHH co6oii JlH]IIOfJJ;p H3 
2 3 s u, H tepMo6atapeJI .a;JI.11 H3MCpeHH.11 CKa'IKa ero TCM· 

neparypw. TaKHe A8'1'11KKH, Ilp0K31IH6poB3HHl,JC IIO pa,u.110· 

XHMH"ICCKOMY 3HaJIH3Y BblXOA8 OCKOJllCOB ACJJCHHJl H 

ofueMY o6pa30B8BWCfOC.II p3,llllOJDITIACCKOfO rua, Il03· 

BOJ'IJIIOT npoBOn,fT!, K3MCpeHH.11 3HCprOB!,JAC1ICHH.II B A3 

c OTHOCHTCJlbHOH norpeWHOCTl>IO 2 - 3%. Ha pHC, 4 H 5 
IIpHBCACHbl 33BHQIMOCTH IlO]I]{OfO 3HeprOB!,JAC1ICHHJI OT 
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Puc. 4. 31BHCHMOCTI, 3HepI'OBLl,l1eJJeHHJI OT H36WTO'IHOlt pe&l(1HB· 
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Puc. 5. 38BHCKMOCTJ, OOJJYlllHpHHJJ HMOym,ca OT 3HeproeL1,11eneHJU 

B pe8JCTO pe 

H36bITO'lHOH peaKTHBHOCTH H UIHpmu,1 HMIIY1IbC3 Ha nony­

BhlCOTC OT 3HCprOBbl,[l,CJJCHH.II, 

3aBHCKMOCTb OTHOCHTCJlbHOH IIO1IynIHPffH!,1 HMIIY1Ibca 

8 (f (8 - WHpHHa HMJIYilhCa Ha IlO1IOBKHC ero aMIIJIHty· 

,:U,1) OT BC1IH'IHHbl 1 (f (T - nepHOA pa3fOHa, T.C. BCJJH'lH· 

Ha, IIpR:MO CB.1133HHaJl C BBO.u;HMOH peaKTKBHOCThlO) npH­

BCACH3 H3 pHC. 6. PaccMOTpeHHe 3TOH 33BHCKMOCTH IlO3· 

BOJJ.IICT npo3H31IH3HpoBaTb MCxaHK3M npoueccoB rawe­

HH.11 peaKTHBHOCTH B peaKrope. 

B OWI3CTH H3MeHemut BCJDAHHl,I 1rr OT 100 AO 

200 c-1 3HaqeRHC BCJIH'IHHl>I Off pe3KO yMemwaeTC.11, taK 
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Pl!c. 6. 3aBHCHMOCTb OTHOWeHHJI nonyWHpKHLI K nepHOAY OT o!i­

paTHOI'O nepHOAll 

KaK B HMnyn&cax c MaJibIM 3Hepros&meneHHeM B A3 ra.. 

weHHe peaKTHBHOCTH CBJl33HO TOn!,KO C rennOBblM pacllll{­

peHHeM. IlpH 3TOM 8/T paBHO 3,5, 'ITO xapaicTepHO n,IJI 

HMnynbca, B KOTOpoM raweHHe peaKTHBHOCTH nponopww­

HanbHO JHepros&meneHH10. C pocToM JHepros&meneHHH 

B HMnyJlbce KOHUeHTpauHH paCTBOpeHHoro B pacTBope 

pa,!lHOJlHTHlleCKoro ra.3a ,O.OCTHraeT KPHTHlleCKOH H BCTY· 

naeT B ,O.eHCTBHe "nyCTOTHblH" MeXaHH3M raweHHJI peaKTHB­

HOCTK. IlpHlleM ny3blpbKH ra3a 33,o.aBnHBaJOTCJI pacryWHM 

HHepUHanbHblM .o.asneHHeM, BO3HHK310ll.U{M B CHCTeMe 

B H31ll1JlbHOH CT3.[lHH HMnyJ1bC3, T.e. pacTBop nepeHaCbl­

waerCJI ra30M. Ha Ja,o.HeM cppome HMnymca B CBH3H c 

yMeHbweHHeM HHepuHanbHOro .o.asneHHJI B CHCTeMe npo­

HCXO.[lHT BCKHnaHHe paCTBopa, IITO BHOCHT .o.ononHHTenb­

HblH BKn3.0. B raweHHe peaKTHBHOCm. 3To npH.BO.[lHT K TO­

MY, <rro 3a,o.HHH cppoHT KMfiYnbCa Kpyqe nepe,o.Hero 

(pHC. 7) . MHHHManbHaJI OTHOCHTeJlbHaJI nonyu.IHpHHa HM­

nynbCOB Ha6n10.o.aerCH npK 3HeprOBbI,D;eneHHH 10 - 12 M.n,K. 
IlpH ,o.anhHeHWeM ysenHlleHHH 1 /T ( COOTBeTCTBeHHo 

H peaJ<mBHOCTH) nepe}lJ{HH cppOHT HMnyn&ca yu.IHpHeTCJI, 

T3K KaK KpHTHlleCKaJI KOHUeHTpal.O{H ra3a ,O.OCTHraeTCJI 

y :>Ke B Ha11ane nepe,o.Hero cppoma, Kor.a.a HHepUHanbHOe 

.o.asneHHe B CHcreMe ewe Mano. 3ro o6ycnasnHBaer noe­

n eHHe nononHHTeJlbHOro pa.o;HOnHmlleCKoro MeXaHH3Ma 

raweHHH peaKTHBHOCTH B HallanbHOH CT3}JJ{H HMnymca. 

C poCTOM HHepUHanbHOro ,O.aBJieHHJI p0Jlb ra.3OBoro MeXaHH3-

Ma raweHH.11 na,o.aer H onpe.o.enJl!Ollll{M Ha nepe,o.HeM cppoHTe 
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PIie. 7. X apa1<TepHbIC ct><>PMLI HMII)'nl.COB 11eneHHll : 1 - 60 M.[l)K; 

2 -6,1; 3 - 13,6 M.[l)K 

CTaHOBHTCJI Tennosoe raweHHe. PeJyJI&THPYJOWHH 3cpcpeKT 

COCTOHT B Men,IeHHOM yseJTKlleHHH 8/T. Ha pHC. 7 H306pa­

)l(eHO ceMeHCTBO KpHBbIX, xapaKTepH3YJOll.UtX cpopMl>I HM­

nyn&COB .o.eneHHH npH p33JIH'IHbIX 3Hepros&meneHH.llX B A3. 

IlpHBe,O.eM xapaKTepHCTHKH MaKCHManbHOro KMnyJibCa 

.o.eneHHH : 

nonHoe 3HCpI'OBLlllC/ICHHe Ja HMnym,c 60 M.[l)K 

(2.101 1 11eneHHll) 

MaKCHM8JlbllllJI MOWHOCTb . • ... ... 2,5.104 MBT 

Ha•wn,Hbill nepKOll HapacTaHHJI MOlll· 

HOcnt . . .. ... .•. • .. .. ... 0,7 MC 

liblp11Ha KMll)'flbCll Ha nonyBbICOTC DHKa 2,5 MC 

Ha'lanJ,HllJI peaKTHBHOCTb no MntOBCH-

HbIM Hel!TpoHIIM • • • • . . . . . . . . 5 tJ 3CI> 
nonHblll clmJOeHC Hel!TpoHOB: 

e 3KCIICpKMCHTa1JbHOM K8Hane • . •• 1,5.101 5 HellTp./cM2 

e OKHC • •. . •.• . .•...•.... 4 .101 
• Hel1Tp./CM2 

Ha noeepXHOC'Ill CBKHUOBOll llllUHTbI 1,9.101 
• HellTp. /cM2 

Jlo3a "Y-tl3J1Y'leHHJI : 

B 3KCnepHMCHTll1tbHOM KaHane . . .. 1,4.106 pan 

B OKHe • .•.•..•...• . ... • • 7,8.104 pall 

Ha DOBCpXHOC'JH ~HHUOBOll 381UHTbI 6.10'"1>an 

Cpe/lHJIJI 311epnuI Hell-rpoHoB B KIJWle 0,8 M3B 

Jlonll Hel!YpOHOB c 3HepI'Hell 0,1 MlB 

e cneKTpe • • . • • . • • . . • . • • • . 0,5 

CpellHJ[JI 3Hepnui "Y·KBaHTOB e KaHane 0,9 M3B 

061.eM A3 . . . • . • . • . . . . • • • . . 54 n 

Y::r.em,Hoe JHeproebllleneHHe . • . . . • . 1,1 M.[l)K/n 

Pacnpe,o.eneHHJI OTHOCHTeJibHOH nnorHocm 'IHcna .o.ene-

HHH no BblCOTe H pa,u;Hycy A3 6bIJIK H3MepeHbI B CTaTH­

qecKOM pe)l(HMe C noMOIUblO KJmHKaTOpoB H3 2 3 s u 90%­
HOro o6oraweHHH. BHYTpH Kopnyca A3 no BbICOTe 6bIJIO 

pa3MeweHo 19 HH,o.HKaropoB c waroM 22 MM. Pacnpe.o.e-
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PIi e. 8. Pacape11eneHHe 'IHcna 11eneHHll : a - no BbICOTe A3; 6 - no 

pa,QJfycy A3 Ka Tpex YPOBHJIX (Hy mo COOTBeTCTByCT BHCUJHJI.JI r paHH­

ua pacTBopa): l - H = 23,6 CM; 2 - 38,3 ; 3 - l 0,0 CM 



neHHe 'IHCJJa neneHHii no pa.u;Kycy A3 H3Mep,moc1, Ka -rpex 

ypoBHJIX: 100, 235, 383 MM OT AJ{a pa.u;Kyca, Ha Ka.)l(AOM 

ypoBHC pa3MClUaJJOCh no IlJITh HHAHKat'OpoB. IlorpeWHocn, 

H3MepeHH.11 AaHJO,IM MCTOA()M He npeBhII.UaeT 5%. 
Pe3YJlhTaTbl H3MepeHHii npHBeACHbl Ha pHC. 8,a,6. OHH 

noKa3hIBaIOT, 'ITO MaKCHMYM pacnpeneneHH.11 'IHCJJa neneHHii 

no BhICOTe HaXO.l(KTCJI Ha ypoBHe 200 - 260 MM OT wra 
Kopnyca. ''IlpoBan" B pacnpeneneHHH Ha BbICOTe 245 -

280 MM 06J.J1CHJICTCJI TCM, 'lfIO unaHra C HH,l(KKaTOpaMH 

pa3Memanacb B HenocpencmeHHOH QJIH30CTH OT OKHa B 

CB}O{UOBOH 3311.U{TC Kopnyca, pacnoJJO)l(eHHoro Ha ypoBHe 

240MM. 

PacnpeAeneHHe 'IHCJJa neneHHii no paAHycy A3 IlJJaBHo 

YBeJJ111DmaetCJI OT Hapy)l(HOH CTeHKH Kopnyca K KaHaJJy 

Ha BceX TpeX H3MepHTeJJbHbIX ypoBH..IIX. HeKOTOpbIH CfiaA 

B pacnpeAeneHHH ~JI ypoBH.11 100 MM MO)l(ffO OfuJICHHTb 

yYellKOH HeiiTpoHoB B ornepcTHe KaHana Kopnyca A3. 

HJMEPEHHE ,llHHAMHqECJCHX XAPAKTEPHCTHK 

8 KOPllYCE A3 

IlpH 3KCilJJyaTalO{H pacmopHMOro HMil}'JlbCHoro peaK­

TOpa B KOpnyce A3 B03HHKaJOT ,!J,HHaMH'lecKHe Hailp.ll)l(CHHJI, 

o6yCJJOBJJCHHbie 6bJCTpbIM pa30rpeBOM pacmopa H Bb!Ae­

JJeHHeM B pacmop ra30BbIX ny3blpbKOB. 11HepUHaJJbHOe 

AaBJJeHHe o6yCJJOBJJHBaeT B03HHKHOBeHHe KpaTKOBpeMeH­

HOfO Harp~eHJL'I AJ{a H OOKOBblX CTeHOK Kopnyca. Pa3JleT 

pacmopa H ero B3aHMO,o;eHCTBHe C KpbIWKOH KOpnyca 

A3 TaJ<)l(e 003,naer HMnyJJbC naBJJeHHJI. 

IloCKOJJbKY HMIIYJlbCbl AaBJJCHHJI Ha AHO H KpbIWKY 

Kopnyca A3 pa3,0.eJJeHbI BO BpeMeHH, TO B03HHKaJOT nepe­

Me1UeHHJ1 Kopnyca BHH3 H BBepx. 

B npouecce q>H3H'lecKoro nycKa peaKtopa ID'PID< 

H npH noCJJecyiomeii 3KcnJJyaTaUHH 6bIJJH BbffiOJJHeHJ,I 

teH30MeTpH'leCIQ{e H3MepeHH.11 B ,o.eTaJJJIX Kopnyca A3 

H ero onopax, onpe,o.enem,1 nepeMemeHHJ1 Kopnyca A3 

B MOMCHT HMil}'JlbCa, a taK)l(e H3MepeHbl HHepUHaJJbHOe 

,[l,3BJleHHe BflYTPH A3 H ,o.aimeHHe y BepXHeii KpbllllKH KOp­

nyca. 8 HMnyJJbcaX C MaKCHM3.JibHblM 3HeprOBbJJ];CJJeHHeM 

HanpJl)l(eHHJI Ha onope COCTllBJJJIIOT ~ 0,8 Kr/MM2
, tor.a.a KaK 

npenen TeKYtfeCTH MarepHana (cTaJJb 20) ~ 25,0 Kr/MM2
• 

HaH6oJJblJJHC HanpJl)l(CHHJI B03HHKaJOT B CTeHKax 3KCne­

pHMCHTaJJbHOf0 KaHaJJa, KOtOpble He npeBbllll3JOT 

8,0 Kr/MM2 (npenen TCKYtfecTH craJJH 30XfCA paeeH 

85 Kf/MM2
). ConoCTaBJJCHHe npe,o.eJJOB T~KyqeCTH MaTe­

pHaJJOB H OUCHOK M3KCHM3JlbHbIX HanpruteeHHH B neTaJJJI.X 

Kopnyca J\3 naer OCHOBaHHe fOBOpHtb O npHMepHO 10-KpaT­

HOM 3anace npo'IHOCTH KOpnyca AJJJI HMnyITbCOB neneHHii 

C M3KCHMaJJbHl,lM JHeprOBbJAeJJeHHeM. 

BpeMeHH3JI 3aBHCHMOCTb nepeMell.leHHJI Kopnyca B MO· 

MCHT HMnyJlbCa, KOTOpoe H3MCpJIJJOCb cneJ.O{aJJbHO pa3-

pa6oTaHHbIM TOKOBHXpeBblM TpaHCq>opMatopHbIM ,(J.3T'IHKOM 

nepeMCIUCHHJI, npe.o;CTaBJJeHa Ha pHC. 9. 

llpyrnM cnoco6oM oueHIQ{ 3anaca npo'IHoCTH Kopnyca 

A3 JIBJJRCTCJI H3MepeHHe A3BJJeHHJI BJIYTpH Kopnyca. ,11,nJI 

l'Hc. 9. IlepeMeWCHHe l<Opnyca A3 llPff pa6o-re peaJ<TOpa B HMII)?lioC­

HOM pellCHMe 

JTOfO HCI10Jlh30B3JIHCh MeM6paHHble A3T'IHKH, yCTaHOB· 

nemu,1e repMeTIAHo B Kopnyce A3 t1epe3 ornepcTHe B 

KpbilllKe KOpnyca. B Ta6mme npHBC)J.eHl,I 3HaqeHHJI AaB­

JJeHHJI BHyTpH Kopnyca A3, H3MepeHlflde Ha Tpex pa3-

JJH11HhIX ypoBH.IIX no BhlCOTe npH pa3JJHllHbIX JHeiroBhl­

neneHHJIX B HMnyn1ice. 

BBOAHMU peax- 3HeproBhl,[J.eJleHHe H, MM Pmax' 6ap 
THBHOcn., IJ3ct, B A3, M,ll,K 

3,0 24,2 20 30,3 
4,0 37,6 20 53,~ 

5,0 53,0 20 78,· 
3,0 21,8 250 28,., 
4,0 35,0 250 52,5 

5,0 53,7 250 75,3 

3,0 24,0 500 9,2 
4,0 34,3 500 26,8 

,11,nJI H3MepeHH11 ,(J.3BJJCHHJI PJ( y BepXHeii KpbIWKH 

Kopnyca A3 ,(J.3T'IHK ycTaHaBJIHBaJJCJI Ha 0,(1.HOM ypoBHe 

c BffYTpeHHeH noBepXHOCTl,IO Kpb!WJ<H. Ha pHC, 10 npH­

Be,o.eHa 33BHCHMOCTb PJ( OT JHeprOBbJACJJeHHJI B A3. 

25 35 45 55 Q. M,ll,K 

PMc. 10. 3aBHCHMOCTJ. .ll,IIBneHHJI y sepXHelt 1<phllIDOI Kopnyca A3 

OT 3HeproBbl,lleJleHHJI 

H3MEPEHHE TEMilEPATYPbl PACTBOPA 

C UeJJhlO HJMepeHHJI teMnepacypbI pacmopa B MOMeHT 

HMil}'JlhCa 61,ma H3fOTOBJJCHa "6bICTp311" TepMonapa, 38· 

KJJIOqeJlllaJI B TOHKYJO OOOJJO'll<Y HJ Hep)l(aBCIOIUeH CTaJJH, 
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KoHCT3HT3HOBaH H HHXpOMOBaH nposonoKa nponycKa­

nac& 1tepe3 o6ono'!Ky H 33B3pHB3n3Cb TO'te'lHOH CB3pKOH. 

Tlon)"leHH&IH "ropH'IHH" cnaii JaTa'IHBancH .uo TOnU01H&I 

0,1 MM H repMonlipa Ha cneUHan&HOH WTaHT'e repMeTH'lHO 

YCT3H3B.11HB3n3Cb B Kopnyce A3. 

l13MepeHHH noKaJanH, qyo B MOMeHT HMnyn&ca pacmop 

33 HeCKOflbKO MHJUJHCeKyH,[l B 33BHCHMOCTH OT 3Hepro­

BbUlenemrn HarpesaeTCH Ha 20 - 250° C. 

J1JMepeHHe "cKa1tKa" TeMneparypbl B pacmope 6&ino 

npoBe)leHO B HMnyn&ce C 3HeproBbI)leneHHeM B A3 
22 M)J)K. Ha pHc. 11 npHBe)leHa ocUHJUiorpaMMa H3Me­

pemrn 33BHCHMOCTH TeMneparypbl pacTBopa OT BpeMeHH 

,a,nH Hccne.uyeMoro HMnyn&ca .ueneHHH. 33AHHH q>poHT 

HMityn&ca onpe11enHeTCH npoueccoM nepeMeWHBaHHH pacT­

sopa, a Ha6mo.uaeMbIH 33TeM cna,o; TeMnepaTyp&I co CKO· 

poCT&IO 12,5°C/c CBH33H c yTe'IKOH TertJia OT pacmopa 

K Cl"eHKaM Kopnyca A3. 

T, ° C 

125 

100 

75 

50 

25 

0 L--+---1-----1-----l---------' 
0,1 0,2 0,3 0,4 0,5 0,6 0, 7 t, C 

PHc. I 1. 3as11C11MOCTL TeMnepazypbI pacrBopa B A3 OT BpCMCHH 

(3HepI'OBblJleJICHHe B 11MnynbCe 22 M)l)K) 

3AKfllO'fEHHE 

l1Mnyn&CH&tii H.llepH&rii peaKTop 11fPHK 6&m sse.ueH 

B 3KCflflY3T31.0{IO B 1976 r. 3a 3TO BpeMH Ha HeM 6&mo 

npoBe)leHO ~ 1200 HMnyn&CHO-<:T3TH'teCKHX nyCKOB. MHo­

roneTHHH OTibIT pa6oTbl TIOK333n BblOOKYIO H3,IJ;e)l(}{OCTb 

K 6eJonacHOCTb peaKTopa B 3KcnnyaTaUHH. PeaKTOp 

11fPHK OKaJanCH y.uo6HoH JKcnepHMeHTan&HOH ycTaHOB­

KOH, Kornp:ui: o6ecne'IHB3eT npose.ueHHe IID!poKoro cneKTpa 

q>H3H'teCKHX HCcne110BaHHH. 

B H3CTOHwee B peMJI Be)lyTCH pa6oTbl ne MO/lepHH33-

u;HH KOHCTpYJ<UKH peaKTopa H cosepweHCJBOBaHHIO ero 

CHCTeMbI ynpaBneHHH H 33UOITbl. MonepHH3HpyeTCJI Mexa­

HH3M MC, npH 3TOM cywecmeHHO p3CIID!pHIOTCll 3KCnnyaTa­

UHOHHl>Ie B03M0)1Q{OCTH peaKTopa. B TeXHonornqecKyIO 

CXeMY peaKTOpa npe.uycMaTpHBaeTCH BKnIO'IHTb B03.llYW­

HbIH MeM6p3HHblH KOMTipeccop, 'tTO TI03B0flHT 33MKffYTb 

peaKTOpHbIH KOHTyp H TeM CaMbIM nonHOCTbIO HCKnIO'IHTb 

BbI6poc peaKTOpHblX raJOB B 3TMOC<pepy. 

CHcTeMa H3MepeHHH peaKTOpa OCHawaeTCll 3BTOM3-

TH3HroB3HHblM Bbl'IHC11HTenbHblM KOMTineKCOM, KOTOpblH 

nacT B03MO)l(J{OCTb ysenH'IHTb 'IHCno K3H3n0B pernCTpa­

UHH, a 3H31{HT' cywecmeHHO pacIID!pHTCll o6oeM JKCTie­

pHMeHTanbHblX HCCne)lOB3HHH. KpoMe rnro, yn)"llllaeTCJI 

TOl{}{OCTb H onepaTHBHOCTb perncTpHpyeMOH HHq>OpMaUHH. 

B nepcneKTHBe npe.uycMaTpHBaeTCll MO,llepHH33UHll 

Kopnyca peaKTopa. IlpH JTOM npennonaraeTc11 ysenH'IHTb 

)lH3MeTp 3KCnepHMeHT3nbHOro KaHana llO 450 MM, yoo­

sepweHCTBOBaTb MMC, a TaK)l(e JaMeHHTb Hep)l(ase10ruy10 

CT3nb Ha THT3HOBbIH cnnas. 

TaKaH MO,llepHH3310{ll KOpnyca A3 TI03B0flHT B 3Ha­

lOtTen&HOH CTeneHH ysenH'IHTb ofueM H TIOBblCHTb Ka'teCTBO 

TipoBO)lHMblX HCTib!TaHHH. 

Cran,11 noczymuia B penaxwuo 

15 CCHTll6pll 1989 r. 

BonpOCbl aTOMHOlt HaYKH 11 TCXKl1J<11. 

Cep. ~311Ka JlACpHbIX peaxTopoB, 1989, 
Bbm.4,c. 3-8. 



YJlK 621.039.573 

XAPAKTEPHCTHKH n-, 'Y•IlOJIE0, 
~PMHPYEMhIX BOrHYThlMH PEct,µEKTOP AMH 

B.ct,. KonecoB, C.K. IllTapeB, IO.B. IleTpoB 

DpHBe.neHLI nonyqeHHLie c noMoWLIO p&e'le'I'OB nononHHTem.Hlde WUIHLie o xapaJ<Te))HCntKax n-, ")'-noneA, 4>opMHpyeMLix BOnlYTLIMH peep. 
neKTOpaMH, a HMeHHO: HH4l<>pMIUH.ll O K034><l>HUHeHTax yCIUJeHH.ll noroKa HellTpoHOB H ")'-ny11eA pecl)neKTOpllMH B 4><>pMe UHJIHH.llpa, 
KBa3Hnapa6onolf,[Ul H nonyc4>ep1,1 c nonoJIHHTem.Hh!MH HHlll&MH Ha BHYTpeHHeA noBepXHoCTH H .lleTIIJil,Hl,,le xapaKTepHC'IHKH npoCTpaHCTBeHHOro 
pacnpeneneHH.ll noroKa HellTpoHoB e BapMaHTe c4>epH11eCKoro pe<t>neKTopa H3 lKenen. 

CHARACTERISTICS OF n-, ")'-FIELDS GENERATED BY CONCAVE REFLECTORS. V.F. KOLESOV, S.K. SHTAREV, Yu.V. PETROV. 
Additional data on characteristics of n-, ")'-fields generated by concave reflectors, namely the information on the factors of neutron 
flux and ")'-nys amplification by reflectors shaped as cylinder, quasi-paraboloid and half-sphere with supplementary recesses on the inside 
surface and detailed characteristics of neutron flux space distribution in spherical desing of iron reflector are presented which are obtained 
by means of calculations. 

BBE,llEHHE 

B [1] 6bIJJO BbmonHeHo pact1erHoe HccneAOBamte 

BOJMO)!QfOCTeH ycHneHHJI 4>moeHCOB 6bICTpbIX HeHrpoHOB 

H "(-n)"leH OT H30Tpornn.rx HCTO'lHHKOB nyreM 4>opMHpoBa­

HHJI HaIIpaMeHHblX IlOTOKOB H311}"1eHHH C IlOMOm&IO BOray­

TblX pe4>neKTO poB. BHHMamrn npH JTOM KOHUeHTpHpO­

BanOCb Ha onpeAerieHHH CJieAyi<>J.UHX xapaxTepHcmK B 

JaBHCHMOCm OT R-paCCTOJIHHJI OT TO'D<H Ha6nioAeHHJI AO 

ueHTpa HCTO'lHHKa H3n}"leHHii: 

1) KOlqlq>HUHeHTa yCHJieHH.ll c IlOMOun,IO pecpneKTOpa 

4>moeHca HeHTpOHOB OT HCTO'IHHKa n-, "(·H311)"1eHHH cf> 0TH' 

paBHoro OTHOUICHHIO 4>nioeHCOB HCHTpOHOB <I> H <l>o IlpH Ha­

JIH'IHH H 6e3 pe4>neKropa COOTBCTCTBemfO: <l>OTH =<l>/<l>o; 
2) KOJ4>q>HUHeHTa yCHneHHJI c IlOMOIUblO pe4>neKTOpa 

q,nioeHca "(·KBaHTOB OT HCTO'IHHKa n-, "(-HJn}"leHHH cp ' 0TH 
paBHoro OTHOUieHH.IO 4>nioeHCOB "(·KBaHTOB cp H tpo npH 

HanH'IHH H 003 pe4>neKTopa COOTBeTCTBeHHo : cp 0TH = cp/cpo ; 
3) KOJq>4>HUHeHTa reHepaue:u non11 "f-H311}"1eHHJI c no­

MOm&IO pe4>neKropa H HCTO'IHHI<a HeiiTpoHOB y;oTH' paBHO· 

ro OTHOUieHHIO 4>n10eHCOB "(·KBaHTOB cp H HeiiTpoHOB <l>o 
npH HlUIH'IHH H 6eJ pe4>neKTopa coomeTCTBeHHo: y;oTH = 
= cp/<l>o. 

Ebmo noKaJaHo, uo, HecMorp.11 Ha AH4>4>YJHbIH xa­

paxTep orpa)f(eHHJI 6bICTpbIX HeHTpoHOB H "(·KB3HTOB OT 

cpeA, BoreyTble pe4>neKTOpbl B o6nacm 6bICTpbIX HeHTpo­

HOB H "(-KBaHTOB OT'UICTH COXpaH.lllOT cnoco6HOCTb IlpffAa­

BaTb HJny'leHH.llM onpeAeJieHHYIO HanpaBJieHHOCTb H JaMeT­

HO yCHJIHBaTb 6nar0Aap.11 JTOMY 4>n10eHc&1 HJJIY'leHHH Ha 

OOJiblllHX paccTO.llHHJIX OT HCTO'IHHKa. 

OrMe'leHHa.R cnoco6HOCTb BOrHYTbIX pe4>neKTOp()B 

onpeAeJI.lleT HX nepcneKmBHOCTb B OTHOUieHHH npaxTH'le­

CKHX npHMeHeHHH. 3THM o6ctOJITeilbCTBOM o6ycrroBneHa 

uenecoo6paJHocn Aan&HeHUIHX paC'letoB no Haxo)f(AeHHIO 

6onee AeTaJibHbIX xapaK1epHCTHK 4>opMHpyeMbIX BOray­

TbIMH pe4>neKTopaMH noneH H3ny'leHHH H no BblllCHeHHIO 

BOJMO)l(}{OCTeH BOreyTblX peq>JieKtOpoB C APyrHMH, B 

TOM 'IHCJie H 6onee CJIO)f(J{bIMH, reoMetpu'leCKHMH 

4>opMaMH. 

B AaHHOH pa6ote npuBeAeHbI nOJI)"leHHb1e C noMOUU,IO 

pac'letOB AOnOJIHHTeJibHbie AaHHbie O xapaicrepHCTHKaX 

n-, "(·IlOJieii, 4>opMHpyeMbIX BOreyTbIMH pe4>neKtOpaMH 

npH HCDOJlb30BaHHH KaK TO'le'IHbIX, TaK H OOl>eMHblX HCTO'I· 

HHKOB HeHTpoHOB H 'Y•JI)"leii. IlpHBeAeHa cneAyi<>IUa.ll HH· 

4>opMauH.ll: 

- 0 KOJ4>4>HUHeHTax ycHneHH.ll notOKOB HeiirpoHOB 

n "(-n)"leii pe4>neKTOpaMH B q>opMe UHJIHHApa H KBaJH­

rrapa6orroH.u.a (onacTH H ccpepbt), BbIIIOJIHCHHblMH H3 )l(e­

JieJa, ypaHa npHpoAHoro COCtaBa H HJ CMeCH nOJUIJTHne­

Ha C KaAMHeM; 

- o xapaxrepHCTHKax npoctpaHcTBeHHoro pacnpeAe­

neHH.11 notoKa HeiitpoHoB B BapuaHTe c4>epH'lecKoro pe<l>­
neKtopa HJ )KeneJa; 

- 0 K034>4>HIJ;HeHTax ycKJJeHHJI IlOTOKa HeiiTpoHOB 

c4>epH'leCKHM pe4>neKtOpoM HJ )KeJieJa, HMelOUlHM Ha 

BHYTpeHHeH noBepXHOCTH Cq>epfflleCKHe HHUIH. 

Pac'letbl BbIDOJIHeHbI HJIH C OOMOUlblO MeTOAa MoHTe­

Kapno, HJIH C noMOun,IO aHaJIHm'leCKH-'lHCneHHbIX peweHHii. 

WPMHPOBAHHE 

HADPABJIEiillbIX DOTOKOB HERTPOHOB H -y-JlY'IEA 

C nOMOIJU,IO PE~JIEKTOPOB 

B WPME QHIIHH,llPA H KBA3HDAPA6OJIOHJlA 

C noMoun,io MeToAa MoHte-Kapno 6bIJJH pacc'IHTaHbl 

4>J110eHCbl HeiitpoHOB H "(·JI)"leH OT CHCTeM: TO'le'lllbIH 

HCTO'IHHJ<: HeiirpoHOB HJIH OOl>eMHbIH HCTO'IHHK HeHrpoHOB 

H "(·JI)"leH + pe4>neKtOp B 4>opMe pacKpbITOH C OAHoro 

JIH6o c OOOHX tOpUOB UHJD{HAPff'leCKOH Tpy6bI HJIH KBa• 

JHnapa6onoHAa, HJIH cq>epb1. CHcTeMa c pe4>neKTOpoM 

B 4>opMe KBaJHnapa6onoHAa noKaJaHa Ha pHc. 1. IlpeA­

nonaranoc&, 'ITO KBaJHIIapa6onoHA COCTaBJI.llIOT KOHH'le• 

CKHH q>parMeHT I H IlOCJieAOBaTeJibHO npHCTaBJI.lleMbie 

K HeMY 4>parMeHT&1 II - V B 4>opMe yce'leHHbIX KOHYCOB. 
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Pltc. I. reoMeTJ)HJI 33l13'1H C pe<tinel<TOpoM B <l><>PMC Klll3Hnapa-

001IOH)ll: A - pe<tineKTop; 6 - TO'IC'IIU.IA HCTO,e{HK Heltrp0N08; 

B - ID'IOCKOCTI, Hl6iil0)1CIOIJI ct,nlOCHCOB n-, ')'-t1311Y'ICIO!lt. Ha OCH X -

KOOpllHHITbl Meer KOHTIKT& ct,parMeHTOB, Hl OCH r - pl,IU()'CW BHY'l" 

peHIOIX noeepXHocrelt Ha ropuax ct,parMeHTOa; l - 4 - KoMepa 

ID'IOUWlOK 

8 Ka\lCCTBC MaTCpKaJia pe4>11eKTOp0B HCn011b30B3JIHCb 

)KC1JC301 CMCCb n011H3TH11CHa C KaJJ.MHCM H MCTaJUIH\ICCICHK 

ypaH npHpo,D,HOI'O COCTaBa. Il11oTHOCTb )KC]ICJa npHHHMa­

naCb paBHOK 7,8 r/cM
3

• YpaHa - 18,7 r/cM
3

' CMCCH no­

nHJTHnCHa c KaJJ.MHCM - 1 r/cM3 • Maccosoe COACP)K3HHC 

Ka,a.MHJI B CMCCH 10 %. 
3HepreTH\ICCKHK cneKtp HCKTpoHOB TO\IC\IHOro HCT0\1-

HHKa npKHHMaJICJI HACHTH'IHhlM cneKtpy HCKTpoHOB Aene­

HHJI. B Ka\lCCTBC ofueMHoro HCTO'IHHKa HCKTpoHOB H r-ny­

\lCK BJJIT TOT )KC, \ITO H B [l], cq>epH'lCCKH~HMMCTpH'I­

HblH MaJCCT RACpHoro peaKtopa Ha 6blCTpblX HCKTpoHax. 

MaKCT HMCCT 6on&wyl0 UCHTpaJibHylO noIIOCTb, AKTHBHaJI 

10Ha MaKeta a&111011HeHa HJ cnnasa ypaHa 36o/o-Horo 06o­

raweHH11 no 2 3 5 U c 9% M011H6AeHa no Macce. BHeunmif 

PaJJ.MYC MaKeta paBCH 40 CM. 

OfueMHblK HCTO\IHHK HJny'laeT KaK HCKTpOHbl, taK 

H 'Y-KBaHTbl c xapaKTCpHblMH .!J,1U1 peaKTOpoB Ha 6b!Ctpb1X 

HCKTpoHax cneKtpaMH H yrnOBblMH paaipeACIICHHJIMH 

H paBHblM 6,44 OTHOWCHHCM 'IHCCII HCKTpOHOB H 'Y-KBaH­

TOB, BblJlCtalOWHX C BHCWHCK nOBCpXHOCTH HCTO\IHHJ<a. 

6onee noApo6HblC CBCACHHJI 06 JTOM MaKeTe Jl,IJ.CpHoro 

peaKtopa H o cnoco6e BKJIIO\ICHHR ero B pac\lCTlfYIO npo­

ue.a.ypy npHBCACHbl B [l] . 
lllUI yKaJaHHblX pe4>11eKTOp0B H pacnonaraCMbIX Ha OCH 

pe4>11CKTOpoB HCTO'IHHKOB H311}"lCHHK 6bl11H Bb111011HCHbl 

pac\letbl cyMMapHblX noneif n-, 'Y-HJny\leHHK, onpe.a.e­

n.11eMb1x KaK HCHTpoHaMH H -y-KBaHTaMH HCTO'IHHKa, taK 

H orpa>KeHHblMH peq>IICKTOpOM HnH BOJHHKalOUlHMH B 

pC3Y11btaTC BJaHMOACHCTBH.11 HeHtpoHOB HCTO'IKHKa CO 

cpe.a.oii pe4>11eKropa. 

PaCC'IHTb1B311HCb cpnioeHCbl HCHTpC>HOB H -y-KBaHTOB, 

npoHHTerpHpoBaHHblC Ha Ka)K,[J.OH HJ \ICTblpex KpyrOBblX 

HIIH KOilbUCBblX nno11.1aAOK MOCKOCTH, nepneH,1UtKyn11p­

HOH OCH X peq>neKtopa H nepeceKaJOWCK OCb X Ha pac­

CTO.IIHHH R OT HCTO'IHHKa ( CM. pKC. 1) . lifCTO\IHHK HJny­

\lCHHK npH JTOM pacnonaranc.11 Ha paCCTORHHH x• OT BttyT­

peHHCH nosepXHOCTH peq>neKTopa (KnH OT B006p3)1(3CMOH 

BHYfpeHHeii nosepXHOCTH nesoro ropua • B sapHaHTe UH-

11KHApa c WIYM.11 orKpblTblMH ropUllMH). UeHTpbI Kpyro­

Bbtx H K011bUCBblX rtnOWaJJ.OK COBnaJJ.311H C TO\IKOH nepe­

CC\ICHH.11 HX MOCKOCTH OCblO x. PaC\ICTbl npoBO,IJ.HJIHCb DpH 

R = 300, 500, 1000, a a HCKOTOpblX cny'Wlx 2000 H 

5000 CM (R - pacCTOJDfHC OT HCTO'IHHKa AO MOCKOCTH 

HaWIIOACHHJI q>moeHCOB H31IY\ICHHH), npH JHa\lCHH.IIX BttyT­

peHHero H BHCWHero PaJJ.MYCOB nnowaAOK 1, 2, 3, 4 COOT­

BCTCTBCHHO O - 50; 50 - 100; 100 - 150; 150 - 200 CM. 

KoopDJ{Hata pacnonO)KCHH.11 TO\ICIOIOro HCTO'IHHKa HCH­

tpoHOB a 6onbWHHCTBe cnyqaes 6panacb plBHOH 1 CM, B 

HCKOTOpblX cnyqaRX - so H 1000 CM, ofueMHoro HCT0\1-

HHKa - 41 CM (paccro.RHHe OT ropua UHJIHHll,pa AO BHCW­

HCK rpaHHUbl MaKeta peaKropa IlpK JTOM pasHa 1 CM). 

Tom:I.ttHa CTeHKlf o a UJUIHH,IJ.pK\ICCKOM peq>~eKtOpe HJ 

CMCCH Il011H3THnCHa C KaJJ.MHCM npHHHManacb paBHOH 

s, 10 H 40 CM, BO BCCX ApyrHX cnyqa.11x - 40 CM; pa,u;HYC 

ro Bttyrpemntx nosepXHOCTCH UHJTHHApK\ICCKOro H cq>e­

pH'ICCKOro pe4>11eKTOpoB - 200 CM, A1JHHbl L UHJ)HHAJ)K­

\ICCKHX peq>neKTOpC>B - B npe.a.enax OT 101 AO 5001 CM. 

PaJMep&1 JOH I - V peq>neKtopa B q>opMe KBaJHDapa-

6onoH,1J.a YKaJaHbl Ha pHc. 1. 

PaHee B [l] Ha IlpKMepe CHCTCM co cq>epH'ICCKHMH 

pe4>11eKtOpaMH H TO\IC\IHblM HCTO'IHHKOM HCHTp0HOB 6blJ10 

nOKaJaHO, \ITO npH AOCTaTO\IHO TOIICTblX CTCHKax peq>neK­

topa o KOJq>q>HUHCHTbl yCHneHHJI cp1llOCHCOB HCHTpoHOB 

H -y-KBaHTOB cf> 0TH , ,P 0TH H reHepawtH non.II 'Y-H311Y\ICHH.II 

IPOTR DpaJCTH\ICCKH O,llHHaJCOBbl B CHCTCMUC C pa31IH'D:11,I­

MH p3,IJ;H)'CaMH r 0 peq>neKtopa, ecnH TOilbKO 6epyrc.11 O.a;JD{ 

H re )KC x•fro H R/ro, Ha JTOM OCHOBa.HHH JACCb paccMaT­

pHBalOTCJI npeHMYWCCTBCHHO peq>neKTOpbl c ro = 200 CM 

(HCKJIIO\ICHHe COCTaBIIJllOT peq>neKTOpbl B q>opMe KB33H­

napa6onoH.a.a, .a.n.11 KOTOpb!X YKaJaHHoe JHa\leHHe r 0 HMeer 

nHWb sapHaHT I - IV (cM. pHc. 1). 

lln11 O,IJ.Horo HJ BapHaHTOB AIIHHHOro UHJIHHApH'le­

CKoro peq>neKtopa H TO'IC\IHOro HCTO\IHHKa HeHtpOHOB 

onpe.a.eneHbI taK)KC JHepreTH\ICCKHe cneKtpbl HCHTpoHOB 

H r-KBaHTOB, cpe,[J.HHe no BCCM MOWaJJ.KaM. 

HeKOTOpblC Pe3Y1lbTaTbl • paC\letOB npeACTaBIICHbl B 

raoo. 1 - 4. B raoo. 1,2 AaHbI cpe,llHHe no nno11.1aro<aM 

KOJq>q>HUHCHTbl yCHneHHJI cpnioeHca HCKTpoHOB <I> OTB = 

= <l>/<l>o H reHepawtH 0011.11 'Y-H31IY\ICHH.II "'OTR = cp/<l>o B 

CHCTCMax C p3311H'IHblMH no q>opMe UHIIHHAPHIICCKHMH 

peq>neKTOpaMH HJ )Ke1JeJa HJIH HJ ypaHa ecreCTBeHHoro 

COCTaB3 H C TO\IC'IHl>IM HCTO\IHHKOM HCHtpoHOB. 8 taWI. 3 

npHBe.a.eHbl cpe.a;JD{e no nnowa.a.KaM KOJq>q>HUHCHTbl YCH­

neHH.11 4>rtioeHca HCKTpoHOB <I> = <l>/cf>o H q>nioeHca 
0TH 

'Y-KBaHTOB ,P 0TH = cp/cpo B CHCTeMax C paJIIH\IHblMH no <POP. 
Me UHJIHHAPH'ICCKHMK peq>neKtopaMH HJ )KCileJa HJlH HJ 

CMCCH nonHJTHnCHa C KaJJ.MHeM H C 061,eMHblM HCTO'IHH-

\ 
• 

I 
◄ 



T a 6 n H u a 1. Ko31!>«1>NQJCeHn1, pacc'IIITIHR1»1e Mil CHCTeM1>1 T a 6 n H u a 2. Ko31!>«1>NQJCeHT1»I, paCC'DITIIHHl,Je ,QJIJI CHCTeMhl 

C U)(Jllffl,QpN'leCIOIM pe$JleKTOpoM N3 l1Cene3a C 0,QlillM oTKpblTl»IM C QJC/IHH,QpN'leCIOIM pecj>neKTOp<>M H3 YpaHI RpHp0,QIIOro COCTIBa, 

TOpl.l0M, RpN T0'le'fHOM HCTO'IHlCKe HeiiTpollOB npH TO'le'IIIOM HCTO'IIIIO(e HeiiTp<>HOB 

(r0 = 200 CM, 0 = 40 CM) (r. = 200 CM, o = 40 CM, x• = l CM) 

x• = 1 CM x• = 1000 CM 
OTKpblT 0,[U{H ropeu OTI<pb!Tbl 

HoMep o6a topua 
R,cM 11110· L,CM J-loMep 

UWJ.KH R, CM 11110· L, CM 

501 1001 2001 5001 1001 11.WlKH 

I 101 201 501 1001 201 
~ 

0TH 
~ 1 11,31 14,31 13,85 14,74 11,66 0TH 

300 2 13,56 14,87 14,97 15,33 12,10 1 3,52 5,46 10,31 12,01 2,26 
3 13,73 15,96 16,88 16,85 13,22 300 2 3,50 5,27 10,63 12,59 2,18 
4 15,79 19,00 19,92 20,03 15,12 3 3.55 5,40 11,43 13,13 2,15 

1 13,17 25,34 14,33 26,51 19,76 
4 3,24 4,70 13,42 14,90 1,96 

500 2 15,01 24,62 14,48 24,59 21,01 1 3,43 5,02 12,57 18,67 1,92 
3 14,17 25,54 15,13 27,52 21,37 500 2 3,46 5,03 11,87 18,54 1,90 
4 14,20 25,50 15,32 26,86 22,50 3 3,37 4,49 11,89 19,44 1,77 

1 6,22 21,31 36,70 39,58 17,15 
4 3,43 4,54 11,70 20,75 1,72 

1000 2 5,97 22,58 36,99 39,52 17,20 1 3,29 4,31 7,29 15,13 1,73 
3 6,30 21,36 37,66 37,34 17,89 1000 2 3,12 4,15 5,43 15,32 1,47 
4 7,03 20,19 38,44 38,21 16,53 3 3,16 4,06 6,30 15,62 1,43 

1 18,82 4 3,35 4,17 5,52 16,13 1,46 

2000 2 28,85 
,j,OTH 

3 16,32 
1 0,18 0,24 0,46 4 17,33 0,49 0,06 

300 2 0,18 0,27 0,42 0,49 0,06 
1 6,40 3 0,16 0,24 0,47 0,53 0,06 

5000 2 10,78 4 0,19 0,22 0,46 0,57 0,04 
3 8,09 

1 0,16 0,22 0,60 0,77 0,06 4 7,84 2 0,17 0,21 0,50 0,64 0,05 

,J,OTH 
500 

3 0,17 0,32 0,47 0,76 0,04 

1 1,58 1,47 1,66 1,62 1,19 
4 0,16 0,21 0,41 0,69 0,03 

300 2 1,58 1,65 1,73 1,79 1,25 1 0,11 0,21 0,19 0,80 0,03 
3 1,62 1,87 1,92 1,91 1,65 1000 2 0,15 0,13 0,15 0,53 0,04 
4 1,73 2,12 2,16 2,21 1,53 3 0,16 0,21 0,26 0,58 0,03 

1 1,54 2,23 2,52 2,62 1,59 
4 0,17 0,19 0,27 0,49 0,02 

500 2 1,68 2,35 2,43 2,69 1,98 n p H M e 'I a H H e. CrantC'IH'ICCK8JI OUIH6Ka llJ)JI ~ 0TH paBHa 

3 1,79 2,60 2,74 2,66 1,92 1 - 10%, llJ)ll it, 0TH - 3-2()%. 
4 1,67 2,71 2,87 2,83 1,92 

1 0,94 2,32 2,98 2,93 1, 71 

1000 2 0,89 1,88 2,91 2,62 1.52 Ta 6 n Hu a 3. KoJ<t,<l>HQJCeHTbl, p&CC'IHTaHHbie ,Q/111 CHCTeMhJ 
3 0,93 2,22 3,96 3,54 1,51 C UHJIKH,QJ)M'leCIOIM pecj>11eKTOp0M C O,QHHM OTKpbITbIM TOpQOM, 
4 0,96 2,07 2,95 3,04 1,80 npH oln.eMHOM KCTO'IHIOCe n-, 'Y-H31l)"leHllH B BK,Qe MIJCeTI 11,QepHOl'O 

1 2,09 peaxmpa H& 6blCTpb1X HeiiTpoHax (r. = 200 CM, 6 = 40 CM) 

2000 2 2,61 
3 2,70 

)i{ene30 
CMeCb DOJIH3THJleHa 

4 1,97 CKIAMHCM 

1 0 
HoMep 

2 1,41 
R,CM 11110· L,CM 

5000 
3 1,02 maJ1KH 

1000 2000 1000 2000 
4 0,94 

2 3 4 5 6 

~OTH 

n pH Me 'I a H H e. CramCTH'leCK8JI 0lllH6Ka llJ)ll ~ 0TH paBH3 
1 10,54 11,53 2,32 2,43 

300 2 11,74 12,98 2,43 2,55 
2 - 2()%, llJ)JI ,J,

0
TH - 5-4()%. 

3 12,64 14,52 2,58 2,49 
4 15,64 16,48 2,86 3,04 

1 12,10 16,43 2,28 2,72 

500 2 21,55 22,43 2,94 3,16 
3 18,52 20,89 2,91 3,25 
4 21,82 24,68 3,59 3,61 
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0 KOH 'I a H He Ta 6 n. 3 

2 3 

1 10,23 

1000 
2 22,97 
3 16,38 
4 17,28 

1 

2000 
2 
3 
4 

1 4,30 
2 4,19 
3 6,18 
4 6,54 

1 11,63 

500 2 5,62 
3 8,38 
4 6,93 

1 4,48 

1000 2 9,01 
3 4,34 
4 5,64 

1 

2000 2 
3 
4 

4 

10,53 
12,77 
10,92 
20,97 

,POTH 

5,72 
4,94 
5,56 
7,77 

11,59 
6,69 
9,09 
9,07 

3,80 
10,34 

8,35 
8,14 

5 

1,80 
3,61 
3,03 
3,61 

36,09 
31,29 
38,93 
61,64 

62,71 
40,37 
5d.21 
56,26 

55,06 
62,45 
30,70 
30,90 

6 

3,30 
1,94 
3,12 
2,94 

32,19 
34,01 
39,59 
62,30 

105,37 
40,37 
59,62 
52,43 

51,69 
24,89 
43,35 
33,07 

TT pH Me 'I a H H e. CrantCTit'ICCKSJI OlllH6Ka MJI 410TH pas Ha 

5 -15%, IIJJJl,POTH - 5- 20%. 

Ta 6 n 11 u a 4. 3HepreTl1'1CCKHC cneKTpbl <1>n10e11ca HCiiTPoHOB 
B CHCTeMaX C UHnHHAPH'lecKHM peci,neKTOJ)OM H to'IC'IHl,IM 

HCTO'IHHKOM HCKTPoHOB (L = 1001 CM, 6 = 40 CM, R: 1000 CM, 
x• = 1 CM} 

Pe<IJneKtop 
Pe<IJneKTop 113 

En,MJB 113 lKeJlC33 CMCCH non11Jnt• 
n ell a C K3,ll.MH CM 

0 - 0,001 0,085 0,297 
0,001 - 0,01 0,101 0,092 
0,01 - 0,0215 0,061 0,031 
0,0215 - 0,0465 0,092 0,034 
0,0465 - 0,1 0,106 0,050 
0,1 - 0,2 0,144 0,044 
0,2 - 0,4 0,160 0,063 
0,4 - 0,8 0,137 0,090 
0,8 - 1,4 0,051 0,098 
1,4 - 2,5 0,037 0,108 
2,5 - 4 0,015 0,062 
4 - 6,5 0,009 0,026 
6,5 - 10,5 0,002 0,005 

CraTH CTI! 'ICCKaJI 
OlllHt'iKa c; 20% c; 10% 

.Uom1 HeltrpOHOB 
c En> 0,1 M3B 0,55 0,50 

C pe,[IJUIJI 3H epl1UI 0,40 0,79 

KOM n-, 'Y·H3n}"leHHH B BH.[le ccpepH'teCKH-CHMMelpHtmoro 

MaKeia R.flepHoro peaK1opa Ha 6&1crp&1X HeihpoHax. 

B 1a6n. 4 .llaH&I HopMHpoBaHHbie Ha e.ruunuzy JHeprelH'le­

CKHe cneKipbI HeHipoHOB, cpe.[lHHe no BCeM nnoma.[lKaM 
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Ha6mo.[leHHR cpmoeHCOB, )lllJI CHCTeM c 1.0fnHH.llpH'teCKHMH 

pecpneKIOpaMH HJ )KeJieJa HJIH HJ cMeCH nonHJIHJleHa c K3.ll· 

MHeM npH L = 1001 CM, 6 = 40 CM, R = 1000 CM H c TO· 

'le'lHblM HCTO'IHHKOM HeHipoHOB' pacnonaraeMbIM B TO'I­

Ke x• = 1 CM. 

Ma1epHan Ia6JI. 1 - 4 H .llpyrne pe3yn&IaT&I a&mon­

HeHHbIX a .llaHHOH pa6o1e pac'leIOB, nomaep)K.flaJI nony­

'leHH&1e B [I] HeTpHBHaJibHble CBe.[lelfWI O xapaKiepHCIH· 

Kax TIOTOKOB n-, -y-H3n}"leHHH, cpopMHpyeMbIX BOrHyrbl· 

MH pecpneKIOpaMH, npe,llCiaBJIRIOT COOOH .llOTIOJIHHTenb• 

HylO HHcpopMauHIO, OIHOCRIJlYIOCJI K pecpneKIOpaM C 6o­

nee lllHpoKHM, 'leM no HMeno Mecro paHee, paJHoo6pa-

3HeM reoMelpH'leCKHX cpopM H MaiepHaJIOB. 

HaH6onee HHTepecHa HHcpopMauHR no K03cpcpHL1,HeH-

IaM <I> , ip , 1/1 a CHCieMax c pecpneKIOpaMH a cpop-oTH 0TH 0TH 
Me UH11HH.llpH'leCKHX rpy6. 3Ha'leHHJI JTHX KOJcpcpHUHeHIOB 

6&1c1po pac1yY c y:aeJIH'leHHeM .a;IHHbI 1py6b1 L .llO :>< {S ..,. 
..,. 10) ro' a 3aTeM npaKTH'leCKH BblXO,Wll Ha nna10. 3Ha­

qemu1 cf>OTH' 'POTH' "'OTH Ha nna10 B 1py6ax .llOCTHr3JOT 

cymecIBeHHo 6onee BbICOKHX JHa'leHHiA, 'leM B CJ'ly'!ae ccpe­

PH'lecKoro pecp11eK1opa. TaK, KOJcp~HUHeHI <I> orH B 1py6e 

H3 )Kene3a npH TO'le'lHOM HCIO'lHHKe HeHipoHOB .llOCIH· 

raeT 3Ha'leHHR, paaHoro 39' KOJcpcpHLl,HeHT "'OTH B TaKOH 

)Ke 1py6e H3 CMeCH nonH3THJieHa C Ka.[lMHeM - 3Ha'leHHR, 

paaHoro 11. B aapHaHie ccpepH'lecKoro pectmeK1opa KO· 

3cpcpH!lHeHibl <I> 0TH' "'OTH paam,1 s H 3,5 COOIBeTCIBeH• 

HO [l]. 
B CHCieMe C pecpneKIOpoM B cpopMe 1py6&1 H C o6'b· 

eMHblM HCTO'IHHKOM n-, 'Y-H3JIY'{eHHH B BH.[le MaKeTa Jl.llep­

Horo peaKIOpa Ha 6bICTpb1X HeHipoHax KOJcpcpHUHeHibl 

yCHJieHHR cpn!OeHca HeHipoHOB <I> 0TH H cpmoeHca 'Y•KBaH• 

TOB 'POTH .llOCTHralOT 3Ha'leHHH ~ 21 (1py6a H3 )KeJie3a) 

H ~ 60 (1py6a H3 CMeCH TIOJIHJTHJleHa C Ka.[lMHeM) COOT· 

BeTCIBeHHo. 8 aapHaHie ccpepH'leCKOro pecpneKTOpa YKa-

3aHHbie KOJcpcpHUHeHibI paam,1 3 ,7 H 20,S [I]. 
KaK BH.flHO HJ ra6n. 1, 2, aapHaHT pecpneKiopa H3 

ypaHa npHpo.a;Horo cocraaa, HeCMOlpR Ha BbICOKOe aJib· 

6e.[lO 6bICTpblX HeHTpOHOB [2], He HMeeT 'leIKHX npeHMY· 

mecIB a cpaaHeHHH c pecpneK1opoM HJ )KeneJa, a a cnytiae 

1py6&1 ,ll3)Ke yczynae1 nocne.[lHeMy. 310 CBR3aHo, no-BH.a;H· 

MOMY, C 6on&WeH aepoRIHOCTblO 33XBaia B ypaHe 3aMe.[l• 

neHHl>IX HeHipoHOB. 

vb cpaaHeHHR pe3yJlbTaTOB npHBe,lleHHblX pac'leTOB 

H .flaHHblX pa6oTbl [I] cne.o;yeT TaK)Ke, '!TO .llJlR cq>epH'le­

CKoro pecpneK1opa, ,ll,11R pecpneK1opa B cpopMe llHflHH.llpa 

C O.[lHHM OTKpbITblM IOpU.OM C L = ro H .llJlJI pecpneKIOpa 

B cpopMe KBa3Hnapa6onOH.ll3 c L, paaHOH BH}'IpeHHeMY 

p3.flHYCY YCibJI ro (KBa3Hnapa6onoH.[l C cpparMeHTaMH 

I - IV Ha pHc. 1), 1.e. ,ll,11R pecpneKIOpoB 1pex YKaJaHHbIX 

reoMelpHH C O,a;HHaKOBblMH OTHOWeHHRMH rny6HH1>1 K 

P3.flHYCY yc1u, 3Ha'leHHR K03cpcpHUHeHTOB cf> , VI 0TH 0TH 
npaKTH'leCKH O.a;HHaKOBbl. IlpH y:aeJIH'leHHH rny6HHbl KBa-

3Hnapa6onOH.[la 3HaQeHHR KOJ"'"'HUHeHTOB <I> ,/, '+"t' 0TH' 'l'OTH 
paczy1 TaK )Ke, KaK B CJIY'{ae UHJJHH.llpH'leCKOro pecpneK• 

Iopa. TaKHM o6paJOM, c TIOJIHJ,IM OCHOBaHHeM MO)KHO 



UpHWITb, 'ITO peq>neKTOpbl B q>opMe UH]IHH,!lpa C 0,[tHHM 

OTKpblTbIM TOpUOM H B q>opMe napa6o110H,D.a npH mo6bIX, 

HO O,[l,JU{aKOBbIX OTHOWeHHJIX //ro HMeJOT H,D.eHTHl!Hble 

CBOHCTBa. 

}lamn.1e pac'leros noKaJbmaJOT raK)l(e cneAYJ()wee: 

- H3MeHeHHe pacnoJIO)KeHlU[ HCTO'IJOIKa HeHTpoHOB 

(Koop,a;HHaTa x•) B cnyqae ,[l,1IHHHoro UH1IHH,!lpH'lecKoro 

pe<pneKTopa npaKTH'lecKH He CKa3bmaeTCJl Ha K03q>q>HUH· 

eHTaX cf> 0TH' 1/JOTH; 

- BblCOKHe 3Ha'leHHJ( K03q>q>HUHeHTOB <I> 0TH' 1/JOTH' 

,[l,OCTHraeMbie B BapHaHTe ,D.nHHHOro UHJ1HH,D.pH'leCKOfO 

peq>neKropa, 3aMeTHO fiOHH)KaJOTCj( npH BbIBO,D.e IlJIOwa,D.OK 

Ha6IIio,D.eHHJI q>nJOeHCOB 3a rrpe,D.e1Ib1 UHJIHH,D.pa; 

- B aapHaHTe UHJIHH,[l,pH'leCKOro peq>neKTOpa C p;ayMn 

OTKpblTbIMH TOpUaMH B cpaaHeHHH C UHJlHH,D.pH'leCKHM 

peq>neKTOpoM C J,llHHM OTKpbITbIM TOPUOM 3Ha'leHWl K0-

3,h,hHUl[eHTOB cf> , VI H B HeCKOJlbKO pa3 fiOHH)KaJOTCj(, 
't''t' 0TH OT 

HO TeM He MeHee COXpaWIIOT 3aMeTHblH ypoaem; 

- 3Ha'leHJU( KO)q>q>HUHeHTOB cf> , VI B CHCTeMax 
0TH 0TH 

C peq>neKTOpoM H3 CMeCH nOJIH3THJleHa C Ka,D.MHeM npaK-

TH'leCKH O.a;HHaKOBbl npH TOJIWHHax o peq>neKTopa 10 H 

40 CM. IlpH nepeXO,D.e K peq>neKTopy C /j = 5 CM 3Ha'leHHj( 

K03q>q>HUHeHTOB 1/10TH 3aMeTHO IlOHH)l(llJOTCj(. 

Ilony11emn,1e 3,D.ech cneKTpanbHhie ,D.aHHbte yKa3bma­

JOT Ha TO. 'ITO B CHCTeMax C ,[l,JlHHHhIMH UHJ1HH,D.pH'leCKHMH 

peq>neKTOpaMH B cpaBHeHHH C CHCTeMaMH co cq>epHlleCKH­

MH peq>neKTOpaMH (1] : 
- a cnyqae, ecrrH peq>neKTop BhmonHeH H3 )l(e1Je3a, 

cneKTp HeirrpoHOB CtaH0BHTCll HeCK01IbKO 6onee MnfKHM 

(cpe,llHM 3Hepfffj[ 0,40 BMeCTo 0,57 M3B), a cneKTp r­
KBaHTOB HeCKOJibKO 6011ee )KeCTKHM (cpenwcn 3Heprnn 

1,06 BMeCTO 0,93 M3B); 

- eCJIH peq>neKTOp Bbill01JHe~ H3 CMeCH Il0JlH3TH1JeHa 

C Ka,D.MHeM, cneKTp HeHTpoHOB, Hao6opoT, CTaHOBHTCj( 

6onee )l(ecTKHM (cpe,llHM 3Heprnn 0,79 BMeCTo 0,62 M3B), 

a cneKTp"{-KBaHTOB npaKm'leCKH He H3MeWleTCJl. 

XAPAKTEPHCTHI<H 

nPOCTPAHCTBEHHOrO PAOlPE.llEflEHIDI 

nOTOI<A HERTPOHOB 

B BAPHAHTE CG>EPH'IECI<OrO PEG>JIEI<TOPA 

. B [ 1] He 6bmO npHBe,D.eHo ,[l,OCTaTO'IHO pa3B epuyroii 

HHq>OpMaUHH O 3aBHCHMOCTH KO)q>q>HU}{eHTOB <I> , I{) TH, 
0TH 0 

1/1 OT paCCTOJlHHJ( AO OCH X. .naHH3J[ pa6ora onacTH 
0TH 

BOCD01JW(eT 3TOT npo6en. 

3,D.ecb Haii,D.eHo npocrpaHCTBeHHoe pacnpe,D.eneHHe 3Ha-

11eHHii K03q>q>HUHeHTa yCHneHHJl q>nJOeHca HeHTpoHOB 

<I> (x, y, z) B CHCTeMe co cq>epH'leCKHM peq>JieKtOpoM 
0TH 

H3 )l(eJie3a H TO'lellHbIM HCT0'IHHK0M HeiiTpoHOB B WHpoKOH 

o6naCTH H3MeHeHHH KOOp.a;HHaT x, y, z B npe,D.IIOJI0)l(eHHH, 

'IT0 HCT0'IHHK HeiiTpoH0B MO)l(eT HaXO,IJ;HTbCj[ He T01lbK0 

Ha OCH X peq>neKTopa, HO H B CMemeHH0M 0TH0CHTe1IbH0 

OCH Il01J0)l(eHHff. YKaJaHHaH 3a,D.aqa peweHa aHanHTH'leCKH-

'IHC1IeHHo C HCU01Jb30BaHHeM ,llHq>tpepeHUHanbHbIX Mb6e,D.o 

HeHTpoHOB ,[l,1Jj[ )l(eJie3a B BH,D.e 'Y (0 0. 0 I ' I{)) ' r,D.e O O - yron 

Me)l(Jzy TpaeKTOpHeH HeiiTpcrna, na,D.aiowero Ha peq>neK­

Top, H H0pManbJO K noaepXH0CTH B TO'IKe na,D.eHHJ[ HeH­

TpoHa; 01 - yron Me)l(,[l,y TpaeKTOpHeH HeiiTpoHa, OTpa­

)l(eHHoro OT peq>neKTOpa, H HOpManbJO K noaepXH0CTH 

B TO'IKe Bbmera HeiiTpoHa; I{) - a3HMYtaJJl,HblH yron 

OTpa)l(eHHJ( HeiiTpoHa. B ueJIHX npocroTbI npHHHManocb 

qacro HCfiOJlb3yeMoe npe,[l,IlOJI0)l(eHHe 0 COBDa,D.emm TO'leK 

na,D.eHHH HeiiTpoHa Ha nosepXH0CTb H BbDieTa HeHTpoHOB. 

KpoMe Toro, a 6anauc Bl<JIIO'laJIHCb JIHIIIb 0,D.H0KpaTHO 

0Tpa)l(el1Hb1e HeHTpoHbI. • 

A1Ib6e,D.O r (0 0. 0 I • I{)) B3HTbI H3 M0HOrpaq>HH [2]. 
B KOTOpoH 0HH paCCIIHTaHbI C noM0IUblO MeT0,D.a MoHTe­

Kapno ,D.nH HeCKOJlbKHX MaTepHanos, B TOM tmcrre H A1Jj[ 

)l(eJie3a, B cny11ae IlJI0CKOH, 6eCKOHe'IHo T0JICTOH CTeHI<H. 

Y'IHTbmanHCb T0JlbK0 Te 0Tpa)l(eHHb1e HeHTpoHbI, K0TO­

pbte HMeJIH 3Heprnio > 0,1 MJB. 3HeprnJC nepBH'IHbIX Heii­

TpoHoB MeHJlJiaCb B WHpoKHX npe,D.enax • .nn11 Haweii 3a,D.a­

'IH B3HTbI AaHHbte no anb6e,D.o, OTH0CnWHeCH K nepBH'I­

HbIM HeiiTpoHaM c 3Heprneii 0,8 < E < 1,4 M3B. Anb6eAo n 
r npe,D.CTaBJieHbI a [2] B BHAe Ta6nHU MH .a;HCKpeTHbIX 

3Ha'leHHH O O. 0 I • I{). .nnj( npoMe)l(}'T0'IHbIX TO'leK 3Ha'le­

HHJ[ r onpe,D.enHJlHCb (a ,D.aHHoH pa6oTe) HHTepnon.11UHeii. 

OTMeTHM, 'IT0 HCU0Jlb30BaHHe anb6e,D.o, nonyqeHHbIX 

,D.nll IlJIOCKOH, 6eCKOHe'IHO T01JCTOH CTeHKH, B paccMatpH­

BaeMOM B0rnyT0M peq>neKTOpe Bfi011He ,D.0nyCTHM0. 3To 

cne,D.yeT H3 Toro, 'IT0, X0TH ,[l,JlH acex MaTepHanoa anb6e,D.o 

B03paCTaIOT C }'BenH'leHHeM pa,D.Hyca KpHBH3Hbl aoruy­

T0H noaepXH0CTH H MaKCHMMbHbI AJIJ[ IUIOCKOH noaepx­

H0CTH (BbmyKJibie D0BepXH0CTH 3,D.eCb He paccMatpHBaeM), 

HaCbIWeHHe anb6eAo HacrynaeT y)l(e npH pa.a;Hyce KpHBH3· 

Hbl ~ 100 CM [2]. TaKHM o6pa30M, B YKaJaHHOM acneKTe 

paCCMaTpHBaeMbie 3,D.eCb peq>neKTOpbl BTI011He M0)l(ffO C'IH­

TaTb IlJI0CJ<HMH. 0 TOM, 'IT0 CTeHKH peq>neKTOpa H3 )l(ene3a 

T0JIJ.LU{H0H 40 CM M0)l(ffO C'IHTaTb 6ecK0He'IHO T01JCTblMH, 

f0B0pH110Cb B (1]. 
feoMeTpHH 3a,D.allH npe,D.craaneHa na pHc. 2. Bae,D.eHbI 

06oJHa11eHHJ[: M0 (Xo, y 0 , O) - T0'IKa pacnono)KeHHH HCTO'I· 

H}[Ka HeiitpoHoa ; M1 (x1 , y 1 , z1 ) - TeKylU3Jl ro'IKa Ha 

pecpneKTOpe, npe,D.CTaBnHJ01UaH 3JieMeHTapHy!O IlJI0waAKY 

HHTerpHpoBaHHJl; M 2 (x2 , y 2 , z2 ) - T0'IKa Ha6mo,D.eHHJ1 

q>JIJOeHca HeiiTp0H0B B WlOCKOCTH Y2, Z2, nepeceKaJOWeH 

0Cb X B T0'IKe X2 ; f - paCCT0HHHe Me)l(,[l,y T0'IKaMH Mo H 

M 1 , r* - pacctoJIHHe Me)l(,[l,y T0'lKaMH M1 H M2; R - pac­

CT0HHHe Me)l(,D.y T0'IKaMH M 0 If M 2 ; p - paccroHHHe OT 

T0'IKH M2 AO OCH x a nnocKoCTH y2 , z2 • B Ka'lecme KOOp­

,D.HHaT BHyTpeIDleH noaepXH0CTH peq>neKTopa (no HHM 

npoBO,D.HTCH HHTerpHpoBaHHe) npHHllTbl AJIHHa AYrH I ff 

a3HMYTa1J&HbIH yron 1/1. 

EcnH HCT0'IHHK H3JI}"laeT 0,llHH HeHTpoH B 41T cp, TO 

AJIJ[ HCKOMbIX q>moeHca HeHTpoHOB <I> H KO)q>q>HIIHeHTa 

yCHneHHJl q>nioeHca HeHTpOH(?B <I> otH B ro11Ke M 2 nonyqe­

HbJ Bbip~eHHH 

<l>(x2,Y2,z2) = 

13 



I (-rrr .1 2) 2s" -y(80 ,8 1 ,,p)sin(l/r0)cos 80 ( ) 
= --[l+r0 R2 J di 2 2 d•t-1, 1 

41rR2 r (r•) 
0 0 

I 
+ (r0 sin- sin Y1)2 

; 

To 

(2) 

I l 
(r•)2 = [x2 - r0 (1 ...- cos- )]2 + (Y2 - r0 sin- cos aµ)2 + 

ro ro 
l 

+ (22 - r0 sin - sin aµ)2 
To 

- Xo)2 + (Y2 - Yo)2 + 2i ; 
l l 

To - (ro - Xo)cos- - y0 sin-cos aµ 
To To 

80 = arccos ------------- --
r 

81=1r-

(Y2COS YI+ 22sin Y1)sin(l/r0 ).--{x2 - r0 )cos(l/ro)- r0 
-arccos 

A 
,p = arccos BC , 

I I I 
A = (r0 -x 0 )sin Y1[22cos - + ~ 2 - r0 )sin YI sin- ]sin- -

ro r0 r0 

I 
- Yosin Y1(y2sin YI - 22cos YIXsin- )2 -

To 
I I I 

- [yocos- - (r0 - x0 )cos Y1sin- ][y2cos- + (x2 - r0 ) x 
ro r0 ro 

I 
x cos YI sin - ]. 

To 

B ={[y~ + (ro - x 0 )2]sin2aµ(sin-
1
-)2 + 

To 

I I } + [Yo cos- - (r0 - x 0 )cos YI sin-- ]2 112, 
ro To 

C = { [ (y 2 sin YI - 22 cos YI )sin-
1
- ]2 + 

To 

I I 
2 + [ 22 cos- + (x 2 - r o )sin ipsin- ] + 

ro ro 

I I } + [y2cos- + (x 2 - r0)cos YI sin- ]2 112 
ro ro 

3.n;ecb HCl1O11b3OB3Hbl COOTHOWelDUI: X1 = ro (1- cos (//ro)); 

I I 
Yt = r0sin- cos YI ; 21 = r0sin- sin YI · 

r0 ro 
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y 

z 

IlnoCKOCTI, 

Y2, z, 

PKc. 2. feoMe-rpHJl 38Jl.8'1H OpM paC'le'te npocrpaHCTBeHHOro pac­

npimenelOfJ[ OOTOKa HeATpoHOB 

Ilpirne,a;eH11J,1e B&Illle a&1pa>Kemu1 .r:uu1 r, r4', R, 80 , 81 , ,p 

onpe;:i;enem,1 Ha OCHOBaHHH COOTHOWeHHH aH31IHTH'leCKOH 

reoMeTpHH [3]. 
8 cpopMYJ!aX (1), (2) He ytrreHQ BO3MO)!Q{Oe (B 33· 

BHCHMOCTH OT pacnonolKeHHR TO'leK Mo, M1, M2) 3Kpa­

HHpoBaHHe OT,ll;eJibHl>lX yqaCTICOB HHTerpHpoBaHHJI Ha 

BH)'TpeIDleH noaepXHOCTH pecpneKTopa CTeHKaMH IlOCJ1e,a;­

Hero. YKa33HHbie yqaCTKH HCKJIIO'l311HCb H3 Hrpbl nyTeM 

npHpaBHHBaHHJI Ha HHX 'Y Hy1110. 

3KpaHHpoaaHHe HMeer Mecro B cne,tzyIOWHX CJ1yqaJ1.X: 

1) Korna HeifTpoHhI, OTpalKeIDlh1e or yqacTKa noaepx­

HOCTH pecpneKTOpa, He nona,a;aIOT B TOtU<y M2, 8 3TOM cny­

qae npllMaJI JIHlDUI, coe.llHHRJOI.UaJI ro'DCH M 1 H M2 , nepe­

ceKaer creHKy pecpneKropa; 

2) Korna HeihpoHbl HCTO'IHHKa He nona,a;aIOT Ha yq3CTOK 

noaepXHoCTH pecpneKTopa. B 3TOM cnyqae npllMaJI JIHHHll, 

coe,ll;HHlllOI.Ub TO'lKH Mo H M1, nepeceKaeT creHJ<y pecp­

neKropa. 

B ueMx yqera 3KpaHHpoBaHHR peweHHe (I), (2) 
HeCKO11bKO yCJ1o>KIUleTCll - npH HHTerpKpoBaHHH B (I) , 
(2) BBOAHJICll KOHTpo11b arrre6paH'leCKOro 3HaKa BCilOMO· 

raren&Hl>IX ct>YHKUHH: 

{ 
I I 

Q = [(x 2 - r0 )sin- sin YI+ z2 cos-]2 - [x, -
To ro 

I } I [ l - r0 (1;- cos-)]2 (22- r0 sin - sin jif+ (y2- r0 sin--eos Yl)X 
r0 r0 r0 

I I I 
x [(x.2 - r0 )sin - sin aµ+ 22cos-] - [x2 - r0 (1 - cos- )]x 

~ ~ ~ 

I I } x [y2sin- sin YI - 22sin- cos aµ] 2 
ro ro 

(3) 

11,11ll nepaoro CJ1Y'laJI H 

x 0 - r0 (I - cos(l/r0)) 
L1 = 

r0sin(l/r0)sin YI 
Yo - r0sin(l/r0 )cos YI 

Li = 
r0sin(l/ r0)sin YI 

(4) 



AllJI BTOporo. C'let npoBOAHJIC11 cnep;yK>IUHM o6pa30M: 

- eCIH Ha :meMeHTapHOM yqacnce HHTerpHpoBaHH11 

BCDOMOraTC1IbHU <l>YHKUH11 ...; 0, TO HCDOJib30Ban:HCb HeH3· 

MeHeHHble Bblpa)KtHHJI (1), (2); 
- CC'JIH Ha 3TOM yqacTKe BCDOMOratenbHaR <l>YHK· 

UH11 > 0, TO D0,11,bnrrerpanbHhle Bblpa)l(CHHJI B (1). (2) 
3alfYJlJl.TIH Ch. 

BcnoMOraTenbHl>le <l>YHKUHH (3), ( 4) C'JICp;yKIT H3 pac­

CMOTpeHHJI ronononm TO'ICK nepece'ICHHJI nosepXHOCTH 

pe4>neKropa npJ1Moii, npoxo,11.11meii 11epe3 ro'IKH M,, M2 
(<l>ymcUHJI (3}), H npJ1MOH, npoxo,11.11weii qepe3 To'IKH 

Mo,M1 (<l>YHKUHJI (4)). 

~2~--~-~~--~--~ 
e 

1 L-...1.....1-1...1...u.u.1_.:~..L.J.J.Ll.ll___.:::;::::i:::~..._l_____,____.__u::l:lt::.i 

101 102 10' 10• 101 

P, CM 

PIie. 3. 3&BHafMOCTI, ~ OTH OT P B IDIOCKOC'IH Ha15JIX>,!leHHJl <lmX>­
eHC& HeltrpoHOB Y1, Z1 8 CJJYW, KOI"Jll HCI'O'IHHK HeltrpoHoB pac­

ltOOOlKeH HI OCH X 

2.10• 

1 

i 
t.) 

.;: 0 

- 1 

- 2 

- 2 
a 

- 3 

Bhlpa>KelDUI ( l), (2) DpH KOHTpone anre6pllH'leCKoro 

3HaJ<a BcnoMoraren&HhlX <l>YHKUHH (3), ( 4) H B3JltaJI Hl 

(2) onopHa11 ra6mma IJJI11 an&6eAo 'Y no11Hocn10 pewa10t 

DOCTaBJICHffYlO 3al];aqy. 3TH Bbl p3.)l(CHHJI H Ta6JIH~ IJJIJI 

'Y, a taK>Ke 4>opMyna HHtepnoJI11UHH 'Y Ha npoMe)K}'To'I­

H&1e 3Ha'ICHHJI 8 0. 8, • I{) 6bDIH 3anporpaMMHp0BaHbI /JJl11 

3BM. 

HeKOTOpbie pe3yJibtaTbl pac'letOB, OTHOC111UHCC.II K pe<l>­

neKTOpy AffaMCTpoM 200 CM, DpeActasnem,1 Ha pHC, 3, 4. 
Ha pHC. 3 DOKa3aHa 3aBHCHMOCTb cl> OT p (p =vy~ + ..2 -

0TH "'2 
paccroJIHHe OT OCH x s DJIOCKOCTH Ha6JIIOACIDUI 4>n10eHca 

HeiitpoHOB Y2, ~) npH X2 = 101 CM {KpHBa11 l}, 501 CM 

(KpHBU 2) H 1.104 
CM {KpHBa11 3) npH pacDOJIO)l(eHHH 

HCTO'IHHKa HeHTpoHOB Ha OCH X s6.JIH3H pe4>neKTOpa 

(Xo = l CM, Yo = 0). Ha pHc. 4 npHBeACHbI H30JIHHHH -

.JlHHHH paBHl>IX 3Ha'ICHHH cl> Ha DJIOCKOCTH Y2, Z2, OTHO· 
0TH 

C.IIIUHCC.11 K CJIY'WIM, KOrAa HCTO'IHHK HCHTpoHOB CMCWCH 

OTHOCHTC1lbHO OCH X. 

llamn,1e pHcyHKos npeActaBJI.lllOT co6oii ,iiocraro'IHo 

HaAC)IQ{}'IO HH<l>opMaUHIO o xapaKTepe pacnpep;eneHH.11 4>mo­

eHca HeiitpoHOB B DJIOCKOCTH Y2, Z2, peaJIH3}'10WCroC.II B 

CH9'fCMe "tO'le'IHl>IH HCTO'IHHK HCHTpOHOB + c4>epH'ICCKHH 

pe<l>neKTOp H3 )l(CJie3a" KaJ< B OCecHMMeTpa'IHOM cnyqae, 

KOrAa HCTO'IHHK HCHTpoHOB pacnono>KeH Ha OCH X 

(CM. pHC. 3), taK H s cnyqae, KOrAa HCTO'IHHK HeHtpoHOB 

CMeWCH OTHOCHTCJibHO OCH x (cM. pee. 4). 
XapaKTCpHOH oco6eHHOCTblO yxa3aHHbIX pacnpeAene­

HHH cl> oTH .11B11.11erc.11 cpa1nnnen&HaJ1 nonoroCTb HX xoAa 

B 3aBHCHMOCTH OT paectoJIHHJI AO OCH X B DpeAenax TOH 

100 • 

2.104 
Z 21 CM 

l 
t.) 

0 ;; 200 '1: 2 , CM 
>, 

-100 

-200 

6 B 

PIie. 4. 3&BHCHMOCJ'J, ~OTB (K301IHHHH 1 - 6) OT KOOp.!lHHIT B IDIOCKOCm Hal5J'IX>,!leHHJI <tmJOeKca HellTpOHOB Y2, z, B cnyue, Kor.aa HCI'O'OIHK 

Hdltp<>HOB CMe[UeH OTHOafTem.HO Oat: X 

PllcyHOK 

a 
15 
B 

X0, CM 

3,0412 
14,554 
100 

Yo, CM 

20 
50 
99 

X2 , CM 

1.10• 
1.10• 
100 

1 

2,9 
3,0 
3,0 

I 2 

2,5 
2,5 
2,8 

I 

~OTH 

HJonHHHH 

3 

2 
2 
2,5 

I 4 

1,5 
1,2 
2 

I 5 I 6 

1,5 1,2 

15 



o6nacm HJMeHetnHI Y2' Z2' B KOTOpoH ewe He npo.llBJJ.lleTCll 

JaMeTHo cj>aKT0p JKpaHHpoaaHJu1 creH1<aMH peq>neKropa. 

KaK cnenveT HJ pHC. 3, <I> npH P = R JJHlllb Ha 10 - 35% ~ 0TH 
MeH&we JHa4eHHH <I> npH p = 0. 3a npe,uenaMH o6nacm, 0TH 
CBOOOUHOH OT q>aKropa 3KpaHHpoBal-Oill, JHa4eHHll cf> 0TH 

6&1crpo yMeHbll.13IOTCll no e,!lHHHUbl. 

npH CMeLUeHHH HCTO'IHHKa HeHT(JOHOB OT OCH X pac-

npe,ueneHHe cf> CT3HOBHTCll aCHMMeTpH'IHb(M. MaKCH-
OTH 

M3JlbHOe JHatteHHe cf> 0TH npH JTOM CMewaerc.11 B npoTHBO-

nOJJOlKH)'IO B cpaaHeHHH C pacnoJJO)l(eHHeM HCTO'IH}{Ka 

cTopoHy. 

Ilpe,ncTaBJJeHHbie Ha pHC. 4 ,uaHHbie OTHOC.llTCll K TpeM 

nocne,uoaaren&Ho ace 6onee aCHMMerpH'IHbIM aapHaHTaM 

pacnoJJO)l(eHHll HCTO'IHHKa HeiirpoHOB. O6ll.lHM ,!l]lll JTliX 

rpex aapHaHTOB cpaKTO(JOM .IIBJJ.lleTC.ll 0,!lHO H TO )Ke pac­

CTO.llHHe Me)l(,!ly HCTO'lliHKOM H peq>neKropoM, paaHoe 

1 CM. KaK BH,!lH0 HJ cpaBHeHH.ll KpHBblX pHC. 4,a - B, CMe­

weHHe HCTO'IHHKa He npHBHOCHT JaMeTHblX HJMeHeHHH 

B yposeHb MaKCHMaJlbHblX 3Hattel{Jil{ <I> 0TH: MaKCMM3Jli,-

Hble JHatteHH.ll <I> BO acex cnytta.llX 6nHJKH K 3. 
0TH 

YCHJJEHHE nOTOKA HEATPOHOB 

C~EPH'IECKHM PE~ITEKTOPOM 
CO C~EPH'IECKHMH HHIIJAMH 

HA BHYTPEHHER noBEPXHOCTH 

B ,!laHHOH pa6ore paCCMOTpeH TaK)l(e aonpoc O BOJMO)l(­

HOCTH yCHneHH.ll q>opMHpyJOLUeH noTOK HettrpoHOB cnooo6-

HOCTH aoreyroro pecpneKropa rryreM coJ.UaHM.ll Ha BttyT­

peHHeH noaepXHoCTH peq>neKropa 6omworo IJHCJJa aropH'I­

H&IX aornyr&IX peq>neKTopoa. Ilpe,unonaranoc&, ttro ,!lHaMeTp 

BTOpH'IHblX peq>neKTOpoB Man B cpaaHeHHH C J]J{aMeTpoM 

nepBH'IHOro, OllHaKO ,uocrarotteH ,!l]l.ll roro, 'lT06bl MO)l(HO 

6binO npeHe6pe,a, BJJH.llHHeM KpHBH3Hbl noaepXHOCTH Ha 

J]J{<pq>epeHUH3JlbHOe am6e,uo HeHT(JOHOB -y. 

KaK H B npe.U&l,!lyweM paJ,nene, paccMoTpHM peq>neK­

Top ccpepHtteCKOH q>opMbl HJ )l(eJJeJa. Ha ero BttyTpeHHeH 

noaepXHOCTH (pHC. S) BbillOJJHeHbl BTOpH'IHble BOrnyTble 

pecpneKTOpbl B BH,Ue cq>epHtteCKHX HHW, noKpb!BaJOUlHX 

npaKTH'leCKH BCIO BttyTpeHHlOIO noaepXHOCTb nepBH'IHOro 

pecpneKropa. E&mH nonytteHbI pactterH&1e JHattelilUI <I> H 

cf> 0TH B CHCTeMe "Totte'lHbIH HCTO'lHHK HeHTpOHOB + ccj>e­

pHtteCKHH pecpneKTOp HJ )l(eJJeJa co ccj>epHtteCIOIMH HH­

waMH" npH pa3JlH'!HblX paCCTOJIHH.llX Me)l(,!ly peq>neKTO­

poM H HCTO'lHHKOM, Me)l(,!ly HCTO'IHHKOM H TO'lKOH Ha6mo­

n eHHH cpmoeHca HeiirpoHOB (HCTO'IHHK H TO'lKa Ha6nJO­

n eHHH cpmoeHca pacnonaranHc& Ha ocH x nepBH'IHoro pecp­

n eKropa). 

B pacqere HCTTOJlb30BaHbl nonytteHHble B npe,!lbliJY!lleM 

paJnene aHanHrn4ecKHe Bb!pa)l(eHHH (1), (3), (4) JJJ1H <I>, 

OTHOCHWHeCH K npOCTOM)', T.e. He HMelO!lleM)' ,uononHH­

Ten&HblX HHW, pecpneKTopy, H YKaJaHHble TaM )Ke 3MIIHpH­

qecKHe ,uaHH&Ie no AHcpq>epeHUHan&HOM)' an1,6e,uo Heiirpo­

HOB. EcnH roaopHTb TO'!Hee, Bblp3)1(eHHH (1), (3), (4) 

npHMeHMHCb K yHH<pHUHPOBaHHOM)' BTQpH'IH0MY peq>neK-

16 

4' 

X 2 X 

PHc. 5. feoMe-rpHll 33.[13'11! B sapHaHTe pe<t>neKropa C BTopH'IHh!MH 
c<t>epH'leCKHMH HHW3MH: l - nepBH'IHhrll pe<t>neKT0P (pa.lDIYC R.) ; 
2 - BT0pH'IHbrll peq:meKTOP B <t>opMe c<t>ePff'ICCK0II HHlllM (pa,wt­

yc r.); 3 - HCTO'IHHK HeATpoH0B; 4 - T0'!Ka Ha6mo.cteHHJI <t>moeHca 
Hel\'rpoH0B 

ropy, xapaKrepHJy10weM)'CH onpeneneHHbIM JHatteHHeM 

yrna r, ( CM. pHC. 5), MH KOToporo a npHH.llTOH Ha pHC. 2 
CHCTeMe KOOp,!lHHaT 

x 0 = r0 + Ro - (Ro - x •)cos 11, 

Yo = - (Ro - x •)sin 11, 

X2 = r0 + Ro - (Ro - x • - R)cos 11 , 

Y2 = -{Ro - x• - R)sin 11, Zo = z2 = 0 

3,uec& R0 , r O - pa,!lHyc&I nepaH'IHOro H aropH'!Horo peq>­

neKTopoa cooraercmeHHo. 

11roroaoe ,unH nepBH'IHOro peq>neKropa JHatteHHe q>mo­

eHca HeHTpoHOB <I> onpe,uemmoch Ha OCHOBe BhlflOJJHeH­

HblX c noMOIUblO (1), (3), (4) pactteTOB cpmoeHca Hettrpo­

HOB MH BTOpH'IHoro peq>neKropa npH p33JJH'IHblX yrnax 11 

{o6oJHa'lHM nocneJJ,HHH ttepeJ f(11)) H q>opMyn&1 

21rR.5 rr/ l 

<I> = -- S f(11)sin 11d11 , 
So 0 

r,ue S0 - nnoww aeyrpeHHeii noaepXHOCTH nepBH'IHoro 

pecpneKropa, TTpHXO,!lHW3.llCH Ha 0/J,HH BTOpH'lHblH pecp­

neKTOp. 

3HatteHHe <I> orH MH nepBH'IHoro pecpneKropa paaHo 

41rR2 <1>. 

KoHKpeTHbie pactteTbI BbillOJJHCHbI ,lI,JlJI ccpepHqecKoro 

pecpneKropa HJ )l(eneJa pll,!lHyCOM Ro = 2.103 CM C BT0pHtt­

HblMH peq>neKTOp3.MR B q>opMe ccpepHtteCKHX HHW pll,!lHyCOM 

r0 = 100 CM. 

IlonytteHH&Ie npH p33nH'IHbIX JHatteHH.llx x• H R JHa-

tteHHH <I> npHBe,!leHbI s ra6n. 5 (x• - paCCT0HHHe OT 0TH 
HCTO'IHHKa ,no soo6p3)1(aeMOH nosepXHocTH nepaH'IHoro 

peq>neKropa). 

MO)l(HO 61,mo Ha,!leHTbCH, 'lTO 003,!laHHe B paccMarpH­

saeMbIX ycTpoiicmax BTOpH'IHhIX ccpepHtteCKHX HHW ycH-



Ta 6 n It U a 5. Ko~HUJlellTbl, paCC'IHTaHHbte Alli! CHCTeMbt CO c4>epH'lecKKM pect,neKTOpoM H3 ll(eJle3a 

co ccJ>epH'leCKHMlt HKWaMH Ha eH)'TpeHHeii noeepXHoCTH H 6e:J HHX (I] (e cKo6Kax) ; 

R 0 = 2.103 CM; r 0 = 100 CM 

R, CM 

100 
200 
1.103 

1,5.103 

1,7.103 

2.103 

2,1.103 

2,5.103 

2,9.103 

1.10◄ 

20 

1,216 (1,58) 
1,381 (1,86) 
1,717 (2, 70) 

1,512(3,05) 

100 

1,085 
1,211 
1,704 

1,807 
1,803 

1,741 
1,551 

IDIT cnoco6Hocrb sonryroro peqmeKropa cpopMHpoBaTb 

HanpasrreHHble ll0T0KH H311Y'{eHHH. ,IlaHHl>Ie ra6rr. 5, cpaBHe­

HHe C cf> 0TH B CHCTeMax C pecprreKTOpoM 6e3 BT0pH'IHblX 

HHlll CBH)leteJibCTBYJOT, 0/J,HaKo, 06 orcyrcmHH y nepBblX 

KaKHX-rrH6o npeHMymecm. HanpotHB, B )leHCmHrerr&Hocm 

Ha6mo)laeTCH 3aBHCHM0CTb, o6paTHaJI 0>KH)laeM0H: /l0CTM­

raeMbie 3Ha'leHHH 4> B CHCTeMax 6e3 BT0pH'IHbIX cq>epH-
OTH 

'leCKHX HHlll 3aMeTH0 6orree Bb!COKH. 

3AKJIIO'IEHHE 

B pe3yrrbtaTe Bbin0JIHeHHbIX paC'leT0B norry'leHbI /l0· 

norrHHrerr&Hbre /laHHhie o xapaKrepHCTMKax n-, r-norreH, 

cpopMHpyeMbIX B0fHyTblMH pecprreKtOpaMH. 

1. IIorry'leHa HHq>OpMllll;HH, 0TH0CHIUaHCH K pecprreKTO· 

paM C 6orree 11IHpoKHM, 'leM JT0 HMC/10 Mecro paHee, BbI60-

poM reoMeTpH'leCKHX cpopM H MarepHarr0B: 

- K03q>q>HUHeHTbl cf> OTH' cp OTH' V/OTH B )lJIHHHblX UHJIHH/l· 
pax )l0CTHralOT (B cpasHeHHH C sapHaHT0M ccpepH'leCKOfO 

pecprreKropa), cymecrneHH0 6orree BbIC0KHX JHa'leHHH. 

IlpH T0'le'IH0M HCT0'IHHKe H311y'leHHH ll0JIY'{eHbI 4> = 
0TH 

= 39, "'OTH = 11 BMeCT0 5 H 3,5 s BapHaHTe ccpepH'leCKOfO 

pecprreKropa; npH ofueMHOM HCT0'IHHKe H3JIY'leHHH B BH)le 

MaKera H,lleprroro peaKropa Ha 6&1crpbIX HeHrpoHax 

cf>OTH = 21 H ipOTH = 60 BMeCTO 3,7 H 20,5; 
- pecprreKropbI H3 ypaHa npHp0A}{oro cocrasa, He­

cMotpH Ha BblC0K0e arr&6e)lo 6bICTpbIX HeHrpoHOB, He HMelOT 

'leTKHX npeHMyIUeCTB B cpaBHeHHH C pecprreKTOpaMH H3 

)KeJieJa, a B CTTY'{ae WIHHHoro UHJIHH/lpa )la)Ke ycrynaior 

nocrre)ll-lJ{M; 

- 3Ha'leHHH cf> 0TH ' "'OTH B CHCTeMax C pecprreKtOpoM 

H3 CMeCH 110JIH3THJieHa C Ka)lMHeM npaKm'leCKH 0/lHH3K0-

Bbl npH rorruurnax pecprreKropa IO H 40 cM. IlpH nepexo)le 

K pecprreKtopy C TOJIIUHH0H creH0K 5 CM 3Ha'leHHe "'OTH 

3aMeTH0 ll0HHllQleTCH. 

2. IlorrY'{eHbI no,llpo6Hbie cse)leHHH o xapaKrepe pacnpe­

)lerreHHH cprrioeHca HeHTpoHOB B IlJI0CK0CTM Ha6rr10)leHHH 

ll0T0Ka Y2, Z2. OrMe'leHbI CpaBHHteJibHaJI norror0CTb pac-

X*,CM 

500 

1,014 
1,046 
1,442 (1,80) 
1,604 (2,25) 
1,641 

1,697 (2,65) 

1,593 (2,70) 

1.103 

1,006 
1,021 
1,276 (1,50) 

1,502 (2,03) 

1,593 (2,23) 

1,002 
1,008 
1,114 (1,19) 

1,449 (1,63) 

npe,lleneHHH 4> otH B o6rraCTH Y2, z2 , CBOOO.!niOH or Jql· 
q>eKTOB 3KpaHHpoBaHHH, H pe3KaJI ero aCHMMetpH'IH0CTb 

npH CMeIUeHHOM 0TH0CHTeJibH0 0CM X HCT0'IHHKe HeH­

tpoH0B. 

3. IloKa3aHO, 'IT0 pecprreKrop C BT0pH'IHblMH cq>epH'le­

CKHMH HHlll3MH Ha BHyTpeHHeH nosepXH0CTM He HMeer 

npeHMYIUeCTB B cpasHeHHH C pecprreKTOpoM 6e3 HHlll. 
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Y.IlK 621.039.53 

BO3MYIUEHHE PE.AKTHBHOCTH H IlJIOTHOCTH )lEJlEHHR B AKTHBHO0 3OHE 
OBPA3UAMH, PA3MEm,EHHbIMH B UEHTP AJThHOM KAHAJIE 

PEAKTOPA BHrP 

M.H. Kyawuuos, H.r. CMHpHos, B.H. BorAaHoB 

H3MepeHhl BO3MywelOUI peaKTHBHOClll peaKTOpa B uenoM, ''Beca" HMtJYnJ,CHoro CTepllCHJI H MOTHOClll ,11e.nemdl usu B ol5naClll, 

DpHnenuo!lleA K lleHTpanl,HhlM TB3naM A3 DpH p&3MeIUeHKH B K&Hane peaxropa BHfP o6p83110B H3 P&3/IH'IHblX M&TepH&nOB, 

DISTIJRBANCE OF REACTIVITY AND FISSION DENSITY IN CORE BY SAMPLES DISPOSED IN THE CENTRAL CHANNEL 
OF BIGR REACTOR. M.J. KUVSHINOV, J.G. SMIRNOV, V.N. BOGDANOV. Disturbances of reactor reactivity as a whole, pulsed 
rod "worth" and "• U fission density in the region fitting tightly to central fuel elements of core by disposing different material samples 
in BIGR reactor channel are measured. 

BBE,llEHHE 

11Mnym,clil>IH Hccne,11,0BaTen&CKHii peaKTop EHfP [ 1] 
npe,!Ul83Ha'leH ,ll,JUI 06.TI)"leHHJI paJJIHIIHblX ofueKTOB M0IU· 

HI,JMH noT0KaMH HeHTpoHOB H 'Y·KBaHTOB. OfueKTbl M0ryY 

pacnonaraTbC.11 CHapy)l(H 8KTHBHOH 30Hbl (A3) H B KOHTeH­

Hepe, pa3MemaeMOM B KaHane, npoxowrmeM no ee ueHTpan&­

HOH OCH. 

O6hNHO COCTaB H KOHCTPYKUH.11 KOHTeHHepa B o6nyqa­

Tem.HOM 3KCllePHMeHTe Ha .11,D;epHOM peaKTope BhI6Hpa­

lOTC.II HCXOAI[ H3 Tpe6yeMhlX xapaKTepHCTHK p3,!UfaUHOHHO· 

ro B031],eHCTBH.II: ypoBH.11 H cneKTpanhHOro cocraBa HeH­

TpoHHoro H3JIY'leHHJI (o6nyqeHHe 6bICTphlMH HJ1H MeAneH­

HblMH HeHTp0HaMH); COOTHOWeHHJI n-, 'Y·A03; BpeMeHlfO• 

ro pe)l(HMa o6nyqeHH.II (HMnyJlhCHblH, CTaTH'leCKHH) H T,A. 

,Un.11 AOCTH)l(eHHJI Heo6XOAHMhlX napaMetpoB B KOHTeHHep 

MOryT A068BJJ.IIThC.II KOHBepTHpyioutHe HeHTpoHhl yCTpoH­

CTBa: n-, 'Y·K0HBeprephl, JIOByuµ<H TellJIOBhlX HeHTpoHOB. 

B AaHHOH pa6ore paccMOTpeHbl J<l>cl>eKThl, o6ycnoBJJeH­

Hbie pa3MemeHHeM o6nyqareJJhHhlX ycrpoHCTB H o6nyqae­

MhlX o6pa31.{0B B neHrpanbHOM KaHane B cneUHanhHblX 

KOHTeHHepax. IlpH 3TOM BHHMaHHe aKUeHTHpyerc.11 Ha 6e3-

onacHoCTH pa6oTbl peaKropa npH TaKOH 3arpy3Ke ero neHT­

pan&Horo KaHana H He paccMarpHBaIOTC.11 H3MeHeHHJI xapaK­

repHCTHK HMll}'JlhCa AeJJeHHH H n-, 'Y·HlJIY'feHHH. 

KoHCTPYKnH.11 peaKropa EHfP TaKoBa, qro o6nyqae­

Mhie ofueKTbl B KOHTeHHepe ueHTpanhHOro KaHaJJa (KUK) 
A3 He TOJlhKO B03MfinalOT peaKTHBHOCTb peaKTopa B ne­

JIOM, HO H BID{.IIIOT Ha peaKTimHOCTb, BHOCHMYJO HMllfJlhC­

HblM cTep:>KHeM (HC). KpoMe Toro, npK reHepHpoBaHIOI 

HMnyJJhca AeneHHH l;l81D{'1He B KUK BOAOp0AOCOAep)l(81IUOC 

MaTepHaJJOB MO)ICeT llpKBeCTH K JIOKaJJhHOMY neperpeBy 

TBlllOB, pacnoJJO)l(eHHbIX llOWIH30CTH OT KOHTeHHepa. 

IloJrOMY H3Y'feHHe YKa.JaHHbIX J<Pcl>eKTOB Heo6XOAH· 

MO An.II onpeAeJJeHH.11 YCJJOBHH 6e3onacHOH 3KCilJlyaraUHH 

peaKTOpa. 

XAPAKTEPHCTHKH KOHTEAHEPOB 

H 3AfPYlKAEMLIX B HHX O6PA3UOB 

B on&rrax Ha peaKrope ElffP H8Hoonee qacTo Hcnon&-

3YJOTC.R ,u;Be MOAHcl>HK8IIHH KUK. KUK-1 npeACTaBMeT 

coooif roHKoCTeHHYJO Tpy6y H3 Hep)ICaBe10meif .cT3JIH, 33. 

KphlyYlO c ropuoB rpa4'HTOBhlMH npo6KaMH, OWIHU,OBaH· 

HhlMH Hep)ICaBe10meif CTaJJblO. Pa3Mepb1 llOJIOCTH An.II 06-

nyqaeMhIX o6pa31.{0B B KUK-1 I/> 98 x 550 MM, BhICOTa rpa­

cl>HTOBblX npo6oK 150 MM. HH)ICHJUI npo6Ka ClieMHa.R: Ha 

HeH OCYllleCTBJJ.lleTC.11 MOHT8)1C o6pa.JUOB. B Heit CAeJJaHbl 

AB8 OTBepCTHJI AffaMeTp0M 30 MM An.II Bb1B0,n8 CHrHaJJh• 

HhIX Ka6eneif. 3arpy3Ka o6pa31.{0B B KUK npoH3BOAHTC.II 

B noApeaKtOpHOM noMemeHHH, nocne qero KOHTeHHep 

no Tpy6e neHTpan&Horo KaHana no.u;HHMaeTc.11 BBepx H 

OCtaHllBmmaerc.11 B CHMMetpH'IHOM OTHOCHTeJJhHO reoMeT­

pH'leCKoro ueHTpa A3 noJJO,KeHHH. IlpH 3TOM rpa4>HTOBhle 

npo6KH "B.u;BHHyTbl" B A3 Ha 50 MM (pHC. 1). 
OJIHcaHHu KOHCTpYKI{H.11 KUK-I o6ecne'IHBaer HaH6o­

nee paBHOMepHoe pacnpeAeneHHe B 061>eMe KOHTeiiHepa 

4>nioeHca HeHTp0HOB C AOCTaTO'IHO )ICeCTKHM cneKTpoM, 

HO orpaHH'IHBaeT B03MO)Kfffl0 AnHHY o6nyqaeMhIX ofu­

eKTOB. KpoMe roro, B 3TOM cnyqae AHaila30H H3MeHeHH.II 

AOCTynHoro 4>nioeHca HeHTpoHOB' peamnyeMoro B OAHOM 

o6nyqeHHH Ha peaKTOpe, He JIBJJ.lleTC.11 HenpephmHbIM, 'ITO 

B p.RAe 3KCnepHMeHTOB CIDOKaeT J<l>cl>eKTHBHOCTh HCnOJJb· 

30BaHH.II peaKTOpa. MaKCHManhlil>IH 4>nioeHC HeHTpoHOB, 

COOTBeTCTBy10u.ntii HaH6on1,weMY 3HeprOBb!AeneHH10 

280 M)l)K, 1,1.101 6 
Heiirp./cM2 peaJJH3~TC.II ripH-

MepHo B neHTpe KUK-I. Ilo ero BhlCOTe cl>JJioeHc HeHTpo­

HOB H3MeWletC.II B ~ 2 pa.Ja, T .e. OT 1,1.101 6 AO 

~ 0,5.1016 HeHTp./cM2. IlpH o6nyqeHHH CHllpy)l(H A3 

HaHOOJlblllee 3Ha'leHHe cl>JJioeHca HeHTpoHOB COCTllBJJ.lleT 

~ 1,1.1015 
Heitrp./cM2 . TaKHM o6p830M, B OAHOM o6ny­

'leHHH He nepeKpbmaeTC.11 AHalla.JOH OT ~ 1,1.l 01 5 AO 

~0,5.1016 HeifTp./c~. 

O'leBHAHO, 'ITo AHana.JoH 4>nioeHcoB HeHTpoHOB B KUK-1 
MO)l(eT 6bJTb paCWHpeH B o6naCTh MeHhWHX JHaqeffHH ll)'TeM 

YAaJJeHHJI HH)KffeH rpa4'HTOBOH npo6KH. TorAa BAOJJh neHr­

pan&Horo KllHana (BHH3 OT neHTpa A3) 4>nioeHc HeHTpo-



8 

9 

10 

/ 

PIie. 1. CxeMl'Ilf'ICCKoe H3o6pall<eHHe KOHctpYJ(UHH A3 peaKropa 

SHr P: 1 - HC; 2 H 3 - 6nol<H rpyl5oro csr P) H TOHKoro (BTP) 
perynapoBaHIUI PeaKlllBHOCTH COOTBeTCTBeHHo; 4 - orpaHH'IHrem,­

Hldlt WHT TenClKJ<H ll1Ul o6pa3UOB; 5 - Heno,IXBHllOWA 6noK; 6 -
BffYTPeHJUUI repMCTH3HPYJOLUU Tpy6a A3; 7 - Tpy6a ue.irrpam .. 

HOI'O Kaaana; 8 - KUK; 9 - Hapy,KHu: repMent'IHIUI o15ono'IKa 

A3; 10 - KOlKYX 803/zylllHOI'O OXOallClleHHJI A3; 11 - HHlKHJIJI 

npo6Ka KUK-1 

HOB 6yAeT HenpepbIBHO H3MeH.IITbCJI AO mo6&IX ManblX 

JHaqeHHii:. 

Bropu MO,r:nupHKaJlHJI KoHTeii:Hepa - KUK-2 peam13yer 

JTY B03MO)l(HOCTb. BMeCTo HH)l(HeH rpacl>HTOBOH npo6KH 

K OCHOBHOMy 6JIOKY KOHTeii:Hepa B 3TOM Cll}"l3e KpenHTCJI 

TOHJCOCTeHHb.lH CTaKaH H3 Hep,icase10weii CTaJIH "'98x200 MM. 

B ,D;HHWe CTaKaHa HMelOTCJI OTBepC1HJ1 AJlJI Ka6eneH. 

JlnJI pellleHHJI pRAa J3A3q rpe6yeTCJI o6ecne'OfTb BblCO· 

KHe cl>JIJOeHCbl Me}JJJeHID>lX Heii:TpOHOB B KaHaJie A3 peaKTO· 

pa. O6bl'IHO 3TO OcytUeCT!:IJIJleTCJI C IIOMOWblO TaK Ha3bIBa­

eMbIX JlOBynieK, IIpeACTaBJIJIIOIUHX COOOH IIOJIOCTH, 33DOJI· 

HeHHbie 33MeAJIHTeJieM [21 . B AaHHOH pa6ore 3KCIIepHMeH­

TaJIJ,HO HCCJieAQBaHJ,i HeKOTOpble xapaxrepHC1HKH peaKTopa 

Elfi'P npH paJMeweHHH B ero ueHTpaJI&HOM KaHane no­

JIHJTHJieHoB&IX JlOBynieK HeCKOJlbKHX MOAHcl>HKaJlHH, 

IlOBynIKa TeIInOBbIX HeHTJ)OHOB }JJJJI CTal'H'leCKOro pe­

)l(J{M3 pa6or&1 peaxropa (JITH-C) npeACTaBJIMa co6oii 

IIOJIH3THJleHOBb.lH 6JIOK BblCOTOH 100 MM, COCTaBJleHHbIH 

H3 K03KCHaJibHbtx J.tHJJHHApHqecKHX o6onoqeK. IlpH 3TOM 

cl>HKCHJ)OBaJICJI Hapy,i<Hb.lH n;HaMeTp 97 MM H Bap&Hp0B3Jl· 

CJI BffYTpeHHHH n;HaMerp CKB03Horo oceBoro KaHana B 6no­

Ke. IloBylllKH pa3Mell.l3JIHCb B KUK, HX reoMeTpHqecKHe 

ueHTpbl COBMeWaJIHCb, IlpH H3MepeHIDIX C nTH-C I1C He 

6&1Jl BBeAeH B A3, 'lTO COOTBeTCTByer ero IIOJI0)l(eHHIO 

B CTaTHqecKOM pe)l(HMe pa6oTbl peaKTopa. OrMeTHM, 'lTO 

npH BpeMeHH B&JAeneHHJI HaHOOJI&meii JHepmH B A3 
280 M,ll)I( ~ 1 q JlOKaJibHOro neperpeBa TB3JIOB, o6yCJIOB· 

JieHHoro HaJIH'IHeM BOAOJ)OAOCOAep)l(3wero MarepHaJia B 

I<UK, He AOJl)l(ffO npoHCX0AHTb BCJieACmHe rrepepacrrpe-

AeneHHJI reMneparyp&t no o6i.eMy A3 B npouecce 06ny­

qeHHJ1 Ja cqer rennorrepeHoca. IIonoMy KOHCTpYKUHJr 

JITH-C He COAep)l(}fT 3KpaHOB, IlOrJIOIU3IOWHX Me)JJieH­

Hbie HeHTpoHbI. 

IloByWKa TellJIOBbIX HeHtpoHOB }JJJJI HMIIYJlbCHOro 

pe)l(HM3 pa6oTbl peaxropa (JITH-11) B OTJIH'IHe OT JITH-C 
HMeet 6opHbIH <l>HJII,tp H COOTBeTCTBeHHO MeHbWHH Hap~­

Hb.lH ,D;HaMetp (85 MM). B ueHTpe JITH-11 pacnoJIO)l(eHa 

IIOJIOCTb AHaMetpoM ~20 MM. 

Bo3MyIUeHHe peaKTHBHOCTH peaKropa H pa3orpeB 

TB3JIOB, 06yCJIOBJ1eHH1>1e pa3MeweHHeM nTH-11 B ueHT­

paJibHOM KaHaJie A3, H3yqaJIHCb II pH pa6ore peaKropa B 

CTal'H'leCKOM pe)l(HMe. O.o;HaKO B 3TOM CJiyqae HC 6bm 
BBeAeH B A3 B IIOJIO)l(eHJDt ero M3KCHM3JlbHoro B03AeH­

CTBHJI Ha peaKTHBHOCTb, COOTBeTCTBYJOIUeM HMIIYJlbCHO­

My pe)l(HMy pa6otbl peaKtOpa. nTH-11 MOHTHpoB3JlaCb 

HJIH B ueHtpe, HJIH Ha Hff)l(HeH rpacl>HtOBOH npo6Ke B 

KUK-1, HJIH Ha Mecre HH)l(Heii: rpacl>HtOBOH npo6KH (rro 

ypoBHIO cpasmmaeMbIX BepXHHX r~puoB) B KUK-2. 

C ueJiblO ysenHqeHHJI A03bI -y-H3JlyqeHHJI npH O.o;HOBpe­

MeHHoM yMeHbWeHHH cl>JIJOeHca HeHTpoHOB B l.(eHtpaJib­

HOM KaHane A3 peaKtopa EHfP npHMewnor n-, -y-KOH· 

BeptepbI. OHH H3rotoBJieHbI Ha TBepAoii: cnpeccoBaHHOH 

CMeCH 6% (no Macce) 0KHCH K3AMHJI c IIOJIHilpollHJleHOM. 

8 OIIHCbmaeMbIX 3KCIIepHMeHtax HCIIOJlb30BaJIHCb AB3 

KOHBeptepa, HMeJOIUHX o,D;HHaKOBoe nonepequoe cet1eHHe 

(IIOJIOCTb, aH3nOrffqffaJI nTif-11), HO OTJIH'laJOIUHXCJI Bbl• 

COT0H: 107 H 73 MM. B HH)IQ{HX HX topuax pacnoJI0)l(CHl,I 

omepcTHJ1 /J,1IJI BBOAa Ka6eneii:. 

IlpH H3MepeHHJIX KOHBeptep pa3MeWaJICJI B Ka)l(AOM 

HJ OIIHCaHHbIX BbIWe KUK. B KOHTeii:Hepe c rpacl>HTOBbl­

MH npo6KaMH OH ~OHTHpDBaJICJI ij ABYX IIOJIO)l(eRJUUC: 

Ha HIDKHeH rpacl>HTOBOH npo6Ke H B l.(eHTpe A3 (reoMerpH­

qecKHH l.(eHTp KOHBeptepa B IIOCJie.o;He¥ CJI}"llle COBMemeH 

c reoMetpffqeCKHM l.(eHTpoM KUK-1). B KUK-2 KOHBeJr 

rep MOHTHpoBaJICJI T3I<HM o6paJOM, llT06bl ero BepXHHii: 

topeu 6bIJJ BBeAeH B A3 Ha 50 MM (aH3JIOrH'IHO HH)l(HeH 

rpacl>HTOBOH npo6Ke B KUK-1) . 

MaKeTbI 06Jiyt1aeM&1x o6pa3UOB npeACTaBIIJIJIH co6oii 

/lHCKH H l.(HJIHHApbl H3 CTaJIH, rpact>Hra, MeJ:n{, II011H3THJie­

Ha H IIOJIH3THJieHa, OKp~eHHoro CJI0eM K3AMHJI 1 MM. 

OHH pa3MelllaJIHCb B KUK-1 ocecuMMetPffquo, Ha pa311Hq. 

HOM pacCTOJIHHH OTHOCHTeJibH0 ueHtpa A3 JIH6o Ha HH)l(­

HeH npo6Ke KOHTeHHepa, JIHOO Ha IlOACTaBKe, BbIDOJIHeH­

HOH B BHAe crep)l(HJI H3 AIOPaJIJI AHaMetpoM 7 MM, Ha KOHD,aX 

KOtoporo 6bIJJ yKpeIIJ1eH AIOpaJieBb.lH AHCK ,IJ;HaMetpoM 

96 MM H TOJIWHHOH 3 MM. MarepHan MaKetoB 06Jiyt1aeMbIX 

o6p331.(0B, HX p33Mepbl H pacnoJIO)l(eHHe B KUK npHBeAeHbI 

B ra6n. 1. 

Bo Bcex JTHX H3MepeHH11x noJIO)l(eHHe HC B A3 cooTBet­

CTBOBano HMnyIIbCHOMy pe)IQ{My pa6otbl peaKtopa. 
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Ta 6 n H u a I. Bo3MYI.LleHMe peaJ<THBHOCll( M.llKeTaMH 06ny'llleMJ,1X 061.eKTOB B KUK-I 

XapaKTepHcntKH UHJlHHD.pH'leCKHX o6paJUOB nono>KeHMe BolMYlUeHMe 

l I 
e KUK-1 peaKll!BHOCTH, 

MaTepHan )UfaMeTp, MM BLICOTa, MM Z, MM il341 

nonH3Tl!neH 50 380 0 0,04 
nonHnHneH + Cd 52 382 0 - 1,83 , 

nonH'.~ll!neH 50 380 - 85 0,11 
noJUl31l!neH + Cd 52 382 -84 - 1,71 
noJll13Tl!n eH 50 250 - 150 0,20 
nonH3Tl!neH + Cd 52 252 - 149 -0,96 

nonH3Tl!neH 24 100 0 0,11 
50 100 0 0,21 
68 100 0 0,20 
85 100 0 - 0,01 
96 25 0 0,05 

nonH3Tl!neH + Cd 98 27 0 - 0,33 

fpaq>HT 96 350 0 1,01 

fpacpHT + Cd 98 352 0 0,14 

Mero, 96 25 0 - 0,01 

CTani. 96 25 0 0,00 

n pH Me 'I a H H JI: I. z = 0 npK coenaneHMK uempa o6p83Ua c ueHTpoM KUK-1. 
2. OrpHuaTenbl!Lle 3Ha"leHHJI COOTBeTCTBYJOT nonoJKeHHIO HMlKe UeHTpa KUK-1. 

~ 

3. KanMKeei.tll cpllJlLTp co BCCX CTOpoH OKpylKaeT o6pa:ieu H HMeeT ron!UHHY 1 MM. 

METOilHKH HJMEPEHHA 

l13MepeHHe peaKTHBHOCTH npoH3BO.[OUJOCb MeTO.[lOM 

o6parnoro KOJ<pq>Hl.O{eHTa YMHO)KelOOI 1/Q [3]. B KaqeCTBe 

.neTe KTOpoB HeihpoHOB HCTI01Jb30B3nHCb ''B ceB011HOB bJe" 

C'leT~H, pacno1JO)l(eHHble Ha paCCTORHHH 1,5 M OT ueHTpa 

A3. ITpe.nnonaranoCb, 'ITO Benworna 1/Q nponopl.O{OHaJJbHa 

peaKTHBHOCTH. CBH3b Me)l(.[ly BeJIH'IHHOH 1/Q H peaKTHBHO· 

CTb!O peaKTOpa B eJ]HHHuax 133<1> onpe.nemutaCb C noMO!llblO 

H3MepeHHH yCTaHOBHBlllerocH nepHo.na pa3roHa MOIUHOCTH 

peaKTOpa C HCTI011b30BaHHeM paC'leTHOH 33BHCHMOCTH Me)l(.[l}' 

nepHO.[lOM H peaKTHBHOCTb!O. 

Cpe,llHeKBa,npaTH'leCKaJI 01.1.D{6Ka H3MepeHHH peaKTHBHO· 

cm B ,llHanaJoHe ee H3MepeHHJI ± 1 133<1> He npeBbJlll3eT ± 3%. 
flpH pa3MeIUeHHH B KUK JaMeM.IIIOWHX HeiiTpoHbI 

MaTepHanOB MaKCHMaJlbHblH BCflJJeCK 'IHCila .neneHHH B A3 
6y,neT HMeTb MeCTO Ha BffYTpeHHeH rpaHHue TOTUIHBHOro 

MaTepHana, COce,llCTBYIOIUero C 3aMe.a;mrreneM. TaK KaK 

TB31lbl peaKTOpa El1r p 33K]llOqeHbl B repMeTH4HY!O 06ono1r 

KY (CM. pHC. 1), .nocryn K HHM q>aKTH'leCKH HCK1JlOqeH 

H Henocpe.ncmeHHo H3MepHTb 3TOT acnnecK He npe.ncnB­

nHeTCH B03MO)l(HbJM. fl03TOMy HHJ]HK3TOpH1>1e ypaH-rpaq>H­

TOBble o6pa3Ul,1 (JlHCKH J]HaMeTpOM 5 MM H T0111.UHHOH 

0,7 MM, H3rOTOB1JeHHbie H3 TOn11HBHoro MaTepHaJJa A3 
peaKTopa EHfP), a KOTOpbIX H3MepMOCb 'IHcno .neneHHH 

npH o6ny'leHHH, pa3MelJ..l3JIHCb B .[lOCyYnHOH 30He, pH,llOM 

c o6nacTb!O B03MO)l(Horo acnnecKa .neneHHH B TB3nax, npH 

HanH'IHH B KIJ,K 3aMe,!l11HTenH H npH ero OTcyTCTBHH. 

B Ka'lecme TaKOH 30Hl>I cny>t<Hna 11H6o Hapy)l(Hu noaepx­

HOCTb HC, rrn6o Kon&ueBoH 3a3op Me)l(.o;y Tpy6oit ueHTpan&­

Horo KaHana H BffYTpeHHeH repMeTH3Hpyromeii Tpy6oii 

20 

A3 (cM. pHc. 1). B nocnentteM cny'lae HC B A3 He BBO· 

.[lH11CJI. 

flnoTHOCTb .neneHHH a ypaH-rpaq>HTOBblX o6pa3uax, 

pacnonaraeMbJX B KaHane A3, H3MepMaCb OTHOCHTenbHO 

nnomocm .neneHJtii a TaKHX )Ke o6pa3uax, 3aKpenn.11eM1>JX 

cHapY*H A3, B ueHTpe orpaHH'IHTen&Horo u.nna, H 06ny­

'laeM1>1x onttoBpeMeHHo. TaKOH cnoco6 H3MepeHHH BbI-

6paH H3 Tex )Ke coo6pa)l(eHJtii, '!To '!Hcno .neneHJtii B o6-

pa3ue, pa3MemaeMoM Ha orpaHH'IHTen&HoM 11.01Te, He MO· 

)l(eT cywecrneHHO 3aBHCeTb OT 3arpYJKH KUK B CHnY 

3Ha11JfienbHl>IX pa3MepoB A3 peaKTopa H cpaBHHTe1JbHO 

He6onbll.D{X B03MyIUeHHH peaKTHBHOCTH, BHOCHMbJX KOH· 

BeprnpyroIUHM ycTpoHCTBOM I{ MaKeTaMH o6ny'laeMl>IX 

ofueKTOB. 

)lnH y.no6cma nocTpoeHHH rpaq>HKOB pacnpe.nene­

HHJI flJ10THOCTH no ueHTpanbHOMY KaHany A3 nony'leH­

Hble 3Ha'leHHJI OTHOUleHHH nyTeM nenemur Ha H3MepeH­

HblH paHee K03q>q>Hl.O{eHT (paaHblH 0,0825) nepeC'IHTbl• 

BanHCb K 3Ha'leHHIO nnomocm neneHJtii OTHOCHTe1JbHO 

TO'UCH MaKCHMaJlbHOro 3Ha'leffiUI q>nroeHca HeHTpoHOB 

a KUK-I 6e3 3arpy3KH ero 06pa3uaMH H KOHBepmpyio­

LUHMH ycTpoHCTBaJl.1J{. 

trncno neneHHii B ypaH-rpaq>HTOBOM o6p33ue, HopMH­

poBaHHoe Ha JI/J.PO 2 3 SU H Ha OTC'leT MOHHTopa :mepro­

BbI,D.eneHHJI B A3 peaKTOpa, onpenenMOCb llO HHTeHCHB­

HOCTH OCK0110'0l0f0 ')'-HJnyqeHHJI, KOTOpoe H3Mep.11110Cb 

C noMOIUb!O CUHHTH1111JIUHOHHOro 0.[lHOKpHCT311bHOro 

-y-<:neKTpa c KpHCT3Jl1IOM Nal (Tl). 
florpelllHOCTb TipH H3MepeHHH OTHOCHTe1JbHOro 3Ha­

'leHHJI flJJOTHOCTH neneHJtii B ypaH-rpaq>HTOBblX 06pa3Uax 

COCT3B11.lleT ± 3 ,5% (p = 0,95) [4]. 



PE3YJlbTATbl 3KCnEPHMEHTOB H HX AHAJill3 

3KcnepHMCHTlU'lbHble 3Ha'leHHJI B03M}'llleHHH peaKTHB· 

HOCTH peaKTopa Kall<,D;&IM KUK H np~6paJy101.UHMH HCHTpo­

HhI ycrpoHCTBaMH npencTaBneHbJ B Ta6n. 2. 

B uenoM 3aBHCHMOCTH, npHBeneHHbie Ha PffC. 2, OTpa­

)l(aJOT H3Becncyio 3aKOHOMepHOCTb: IlpH nepeMeiueHHH 

o6paJua HJ ueHTpa A3 (To'IHee, HJ o6nacm MaKCHManh­

HOH MOTHOCTH ,a.eneHHH) Ha nepHq>epHJO peaKTHBHOCTb 

peaKTOpa yeenH'IHBaeTC11. CyiueCTBOBaHHe 3TOH 3aKOHO-

T a 6 n Hu a 2. Bo3M)'U{eHHe peaKT14BHOCT11 KOHTeiblepaMH H npeo6pa3YJOU{HMH HelhpoHhl yCTpoliCTBIMH 

B ueHTp11U,H0M KaHl/le A3 

Xapat<TepHC'IHKH npeo6p83ytOUJero yCTpoACTBa 
THn Ilpeo6p83yto- Bo3M)'UJeHHe 
KOKreA- tUee yeypoA- llH&MeTp ,lIH&Me-rp nonolKeHHe pe8K'lllllHO· 
Hepa C1110 M8TepHan BKyYpeH- Hapy>KHl,JA, BldCOT8, MM B A3 z, MM HO ctH, /\4> 

KHA, MM MM 

KUK-1 0 1 13 

0 -0,26 
27 -0,Q2 

KUK-1 ITTH-C IlOnH31Wletl so 97 100 0 +0,36 
68 +0,63 
85 +0,48 

ITTH-H IlonH3THJJ eH + 24 85 100 0 -3,40 
+BC 85 9S 110 - 220 -1,56 

KUK-2 flTH-H To lKe 24 85 100 - 330 - 0,03 
85 9S 110 

IlonHnpoIIH- 107 0 - 1,SS 
KUK-1 ~. ,,. neH +CdO 30 9S 107 - 222 -0,79 

KoHBeprep (6% no Macce) 73 0 -0,92 
73 -238 -0,40 

KUK-2 To lKe To lKe 30 9S 107 -328 +0,23 
73 - 312 +0,27 

KUK-2 0 0,62 

n pH Me II a H H JI. 1. lln.11 KUK z = 0 COOTBe'fCTByeT ero KpaAHeMy eepXHeMy nono>KeHHIO. 
2. llnll npeo6p83yt011JHX yCTpoAc111 z = 0 03HallaeT, qyo HX ueHTp cosnll,!laeT c ueHTpoM KUK. 
3. 0TpHUBTenl,Hlde 3Halle1Dfl[ COOTBe'fC111ytOT oonO>KeHHIO HH>Ke ueHTpa KUK. 

Pe3YJihTaThl H3MepeHHH B03MymeHHH peaKTHBHOCTH 

MaKeTaMH o6ny'laeMhIX ofueKTOB npHBe,D.eHhI B Ta6n. 1 
H Ha pHC. 2. 3aBHCHMOCT& peaKTHBHOCTH, BHOCHMOH liC, 

OT BhlCOThI ero no,D;beMa npH He3arp~eHH1>IX KUK H npH 

pa3Mewemm B HHX ITTH-11 H n-, 'Y-KoHBepTepoB npe,a.cTaB­

neHa Ha pHC. 3. B Ta6n. 3 npHBe,11.eHhl MaKCHManbHbie 3Ha­

'leHH11 peaKTHBHOCTH HC npH pa3nH'IHOH 3arpy3Ke KUK. 
AHanH3Hpy11 IlPffBeneHHhie pe3ynbTaThl H3MepeHHH B03-

MYIUeHHH peaKTHBHOCTH, OTMeTHM cne,a.yioiuee. B 3aBH· 

CHMOCTH OT reoMeTpHH nonHJTHJleHoBoro 6noKa, pa3Me­

waeMoro B KUK-1 6e3 nornowaiou.tHx ycTpoitcTB, B03MY· 

lUCHHe peaKTHBHOCTH MO)l(eT HMeTb pa3HbJH 3HaK. IlpH 

3TOM ,a.mi H3y'leHHhrx BapHaHT0B a6coniornoe 3Ha'leHHe 

noro B03MYJ..QeHH11 He npeB&WiaeT ~ 0,6 {33<1> (cM. n6n. 1 
H 2). OKpy)l(eHHe noJIHJTHJieHoBoro 6noxa o6ono'IKOH 

H3 xanMH11 HJIH xap6H,a.a 6opa Beer.a.a npHBO.[l;l{T K Jarny­

weHHJO peaKTOpa, KOTOpoe HaH6onee 3Ha'IHTenbHO npH pa3-

MeiueHHH 3Toro 6noKa B paiioHe MaKCHMYMa MOTHOCTH 

,a.eneHHH B A3, z = - SO MM (cM. pHc. 1). IlpH YKa3aHHOM 

3Ha'leHHH Z MeTanJIH'leCKHe .[l;l{CKH neitCTBYlOT KaK norno­

THTeJIH. B 3TOM )Ke paiioHe 3Ha'leHHH z Ha6n10naeTC1I H HaH6o­

nee 3<pq>eKTHBHOe 3arnyweHHe peaKTOpa KanMHpoBaHHblM 

IlOnH3THJieHOBblM nHCKOM. 

1 
2 

3 

4 

PHc. 2. 3BBHCHMOCTI, B03MYIUCIDIJI peaK'fflBHOCTH ,IO{CKaMH H3 p83-
nHIIHblX MaTepHanoB OT nono>KelDfl[ e KUK-1 : 1 - Me,lll,; 2 - 001IH· 
3THJJeH; 3 - cram.; 4 - nonH31llJJCH B Ka.a;MHH; (z = 0 cooTBeT­

C111YeT UeHTPY KUK-1) 
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!'He. 3. 38.BHCHMOCTl, peaKntBHOC'IM, BHOCHMOII HC, OT BblCOTbl 

ero nonoeMa: 1 - JlJVl KUK-2 c 3arpy3KOII ITTH-H; 2 - KUK-1 
6e3 3arpy:n<H; 3 - KUK-2 C 3arpy3KOI! n-, 'Y·KOHBCpTCp0M 

(h = 107 MM; H - BblCOTa no,[11,eMa no YKB33Tel1IO Ha nym,re pt>aK­

Topa); 4 - KUK 6e3 Jarpy3KH 

Ta 611 Hu a 3. MaKCHMa/lbHOe 3HHCKHe peaKTHBHOCTH, /3:><I>' 
BHOCHMOii HC npH p8311H'lHOii urpy3Ke KUK 

no110lKCHHe 3arpy3Ka 6e3 

1-----,----,----r-------1 3arpy3KH o6p83ua e 

KUK z, MM Fe I Cu I CH2 I CH2 + Cd 

- 263 
-250 
-150 

0 
150 
250 

-330 
-328 

KUK-1 

1,23 1,23 1,15 1,17 
1,23 1,23 1,14 1,15 
1,23 1,23 1,13 1,18 
1,22 1,23 1,06 1,13 
1,21 1,21 1,00 1,11 
1,22 1,22 1,09 1,13 1,22 

KUK-2 

n-, 'Y·KOHBCpTep1,1, ITTH-H 
h = 107 MM 

1,26 
1,22 

1,26 . 

npHMe•UHHll: 1. z = O npH coenaAeHHH ueHTpa o6puua 

C UCHTJ)OM KUK-1. 
2. OrpHuaTCllbHble 3H3'leHHll OOOTBCTCTBylOT IlOllOlKeHHIO IO!lKC 

ueHTpa KUK-1. 
3. PB3Mepb1 o6pa3UOB H YCTJ)OIICTBa npHBe,[leHbl e n611. 1. 

MepHOCTH npHBO/lHT K Heo6XOAHMOCTH Tl.l.UlTeJlbHOro, Ha­

,lle)IQ{OfO KpeIUiemu, 06ny11aeMb1X o6paluos s KUK. Ecm1 

B nepHO.ll "BblCBel!HBaID!Ji" JanaJ,llbmaJOl.l.OIX HeHTpoHOB, 

KOTOpblH o6bl'lHO npe.uwecmyeT reHepHpoSaHHIO HMJIYilb· 

ca .ueneHHit [l], npoHJOM,lleT na.ueHHe o6paJua, HanpHMep, 

HJ ueHTpa KUK-1 Ha ero ".llHo", TO JTO npHse.ueT K HeKOH· 

TponHpyeMoMy ysenH'IeHHJO peaKTHSHOCTH, cne,llCTBHeM 
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tfero MO)KeT CTaTb asapHHHO OOilbllJOe :)HeproBbl.lleneHHe 

B HMnynbCe. 

llilll HCTTOilb30S3HHblX s JTHX JKCnepHMeHTax o6pa3-

UOB HaHOOilbllJee ysenHl!eHHe peaKTHSHO".'TH npH HX na­

,lleHHH MO)KeT coCT3BHT&: 1,84 '33<1> .llnll JlTH-H; 

0,76 '33<1> .llnll n-, -y-KOHBepTepos; 0,20 '3311> .llnll Me,llHoro 

H Ka,llMHesoro nonHJTHneHOBOro AHCKOS; 0,08 '33<1> .llnll 

CTan&Horo AHCKa. 

Ba)l(}{O no.ll'lfepKH}'Tb, l!TO pa3MeweHHe o6pa3UOB, B 

TOM 11Hcne n-, -y-KOHBepTepos, s KUK-2 Ha yposHe z = 
= -330 MM He coJ.uaeT onacHocTH .unH peaKTopa B pac­

cMaTpHsaeMOM acneKTe, nocKon&Ky HX y.uaneHHe HJ KOH· 

TeHHepa npHBoAHT K JarnyllleHHio peaKTopa. MeHee onac­

Ho B JTOM CnYtfae H npHMeHeHHe JlTH-H, T3K K3K SHOCH· 

Moe eio B03MYWeHHe HeBenHKO ( --0 ,03 '3 3<)>) . 

IlpaKTH'feCKH n106b1e nonO)KHTen&Hble SOJMYWeHHll 

peaKTHBHOCTH peaKTopa 06nYtfaeMb!MH o6'beKTaMH H He-

6omlllHe (no -0,3 '33<1>) 0TpHl.(aten&Hbte B0JMYUleHHH 

MoryT 6bITb CKOMneHCHposaHbI 33 C'leT HJMeHeHHll no­

flO)Kelil!H lllT3THblX perYnff PYIOWHX 6nOKOS peaKTOpa 

(ErP H ETP - CM. pHC. 1). lliJg KOM0eHCauHH JHa'IHTenb­

HblX (> I0,31 '33<1>) oTpHuaTenbHblX sOJMYIUeHJm peaK­

rnsHocm Heo6XOAHMO nHOO npHruIH)K3Tb K SHeumeit no­

sepX!lOCTH A3 MaCCHBHble 6noKH OTpa)KaTenll, nH6o Ja­

rpy)KaTb s KUK nononHHTen&Ho cneUHan&Ho HJroTosneH­

Hbie TBJilbl. TaKHe Mepbl s .UaHHOH pa6oTe He paccMaTpH­

BanHCb. 

Ilpe.uCTasneHHble Ha pHC. 3 H s ra6n. 3 pelyn&TaTbl 

CBH,lleTenbCTBYIOT O TOM, 'lfTO .llnll palnH'IHblX MOJlHq>HKa­

UHH KUK H HX JarpyJKH o6paJuaMH cpopMa KpHBOH JaBH­

CHMOCTH peaKTHBHOCTH, SHOCHMOH HC, OT SbICOTbl ero 

TTO,ll'beMa H, B '13CTHOCTH, nono)KeHHe MaKCHMyMa peaK­

THBHOCTH OCT310TCJI npaKTH'leCKH HeHJMeHHblMH. MaKCH­

ManbHOe JHa'!eHHe peaKTHBHOCTH, SHOCHMOH HC ("sec" 

HC), JaBHCHT KaK OT MO.llHq>HKaUHH Hcnon&JyeMoro KUK, 
TaK H .OT ero JarpyJKH. 3aMeHa O,llHOH MO,llHq>HKaUHH 

KUK Ha .upyryio npHBOAHT K JaMeTHOMY (~ 0,03 '3
3

<1>) 

HJMeHeHHJO seca HC (npH reHepHposaHHH HMJIYn&ca ne­

neHHM sec 11C KanH6pyetcll c TO'IHOCT&IO ± 0,003 ~3cpl · 
MeTannHt1ecKHe AHCKH npH nio6oM HX nono)KeHHH s KUK 
Mano (~ 0,01 '33<1>) HJMeHJIIOT sec HC. IlonHJTHneHOBhlH 

.llHCK JaMeTHo (c 1,22 '3
3

<1> .uo 1,0 '3
3

<1>) yMeH&lllaeT sec 

11C, npH'leM JTO yMeHbllJeHHe CHnbHO 33BHCHT OT nono)Ke­

HHJI nonHJmneHosoro o6paJua s KUK H o6ttap~BaeT 

KoppenllUHIO C B03M}'WeHHeM peaKTHBHOCTH, SHOCHMblM 

JTHM )lHCKOM S ,llaHHOM nono)KeHHH: 'leM 6onbwe S03MY­

weH}{e peaKTHBHOCTH peaKTOpa B uenoM, TeM MeH&We 

CTaHOSHTCJI sec HC. OKpy)Kel:Ole nonHJTHneHosoro )lHCKa 

Ka,llMHeSblM 11exnoM XOTJI H HeCKOilbKO HeHTpamtJyeT 

soJMyweH}{e seca HC, Ho see )Ke ocTasmi:er ero noson&­

Ho JaMeTHbIM. 

Ilpe.ucTasneHH&IM aHanH3 y6e)lHTen&Ho noKaJbmaeT Ha­

CTOHTen&Hyio Heo6XO,llHMOCTb KanH6poBKH seca HC nepe.u 

reHepHpoBaH}{eM HMnyn&ca .ueneH}{it. 

Ha pHc. 4 - 6 npe.a;CTasneHbJ OTHOCHTen&Hble pacnpe-



-100 0 100 
Z,MM 

PKc. 4. OntoCHTCJU,Hoe pacnpeAenelOle 'll!Cen peal<UHA 2 ss U(n, f) 

no BblCOTC KOJU,UeBOl'O 31l3Opa ,11JU1 HC npH pll3MCWCIOIH B ueHrpe 

KUK-1 6noKOB H3 nonH3TH1JeHa BblCOToA 100 MM (mH-C) npH 

DHa : 1 - 97 MM, nonocn. rt, 24 x 20 MM; 2 - 97 MM, nonocTb 

,t,5lfx50 MM; 3 - 97 MM, nonocn. ,t,68x68 MM; 4 - 68 MM, no­

noCTb rt, 24 x 20 MM; 5 - 85 MM, nonOCTb rt, 24 x 20 MM; 6 - 50 MM, 

nonocn. "' 24 X 20 MM (A - TeKy~e 3Ha'let!HC MOTHOC'Ill neneHHA 
2"U; Au - MIKCHManwioe 3HA'leHMe nnoTHOC'lll neneuHit e KUK-1 
6e3 31rpY3KK) 

-200 -100 

A/A 
u 

Z, MM 

0 100 

P'Hc. 5. OrHoCHTenWloe pacnpeneneHHe 'IHten peaKll,Hit 2 3 5 U(n, f) 
no Hapy>KHoA noaepxuotn1 HC npH He3arp}')KeHHOM KUK-1 H npH 

p33MeweHHH B HCM UHJJMHAPll'leCKHX 6noKOB 113 rpaq>HTa II nonH-

3TIIJleHa: 1 - non113TH11eH, rt, 50 x 250 MM, e Ka,!lMHH, Ha ,lll{e KUK-1; 
2 - rpa<t>HT, </J 96 x 350 MM, e UeHrpe KUK-1; 3 - 6e3 o6p33UOB 

(A - TeKyw,ee 3Hl'le!Ole MOTHOC'Df neneHIIA 2 S SU; A - MaJ<CH-
u 

Man'bHOe 3Hl'leHHC MOTHOC'Ill neneHHA B KUK-1 6e3 3arpy3KH) 

,u.eneHHJI 'Olcen peai<UKK 2 3 5 U (n, f) no BbICOTe Kon&ue­

soro 3a30pa )J;J'IJI MC (wm no Hapyll<Hoii nosepXHocm MC) 
npM p33MemeHHH B KUK nonHJTHJieHOBbIX noByweK 

(JITH-C H JITH-11)' n-, 'Y-KOHBepTepoB, o6pa3UOB H3 rpa­

q>HTa H noJIH3THJieHa B Ka,a.MHeBOK o6onotJKe. 

flpH aHaJIH3e npe,u.cTaBneHlil,IX pe3ynbTaTOB H3MepeHHK 

ruJOTHOCTH ,u.eneIDtK 2 3 5 u Heo6XO,!J.HMO HMeTb B BH,!J.Y' 'ITO 
rmlBHblM napaMeTpoM, onpe,u.enJIIOUIHM ,u.onyCTHMOe 3Hep­

rOBbI,IJ.eneHHe B A3 peaKTopa El1f P, J1BJIJ1eTCJ1 noKam,HaR 

TeMIIeparypa TOrtmmHoro MaTepHana [1] . flpH pa6oTe 

peaKropa B HMnynbCHOM pe>KHMe oHa Bceueno onpe,u.em1eT­

CJ1 MOTHOCfblO ,u.eneHHK ypaHa B 3a,u.aHHOK TOtJKe, TaK KaK 

3a BpeMJI HMnyn&ca He npoHCXO,!J.HT 3HatJHTeJibHOro nepe­

pacnpe,u.eneHHJI TeMIIepacyp&1 no 061.eM}' A3. flpoae,u.eH­

H&Ie pa.Hee HCCJ!e,!J.OBaIDlJI [ 4] noKa3anH, t{TO MaKCHMaflbHaJI 

nnoTHOcrb neneHHii B KUK-1 6eJ 3arpy3KH Ha 6% HH)l(e 

Hl!lKHJUI 

rpaHMlla 
A3 

A/A 
u 

1,5 

0,5 

I 

- 400 -300 - 200 - 100 0 100 z, MM 

~mnzzzzzzazzzzzzwzzzza~ 

P'Hc. 6. OrHoCHTem,Hoe pacnpe11ene101e 2 3 5 U(n, f) no Hapy>KHoA no­

eepXHoC'Ill HC np11 pa3MeweHHH B KUK n-, -y-KoHBepTCpoa 11 

JlTH-H: 1 - n-, -y-KoHBepTCp, h = 73 MM Ha )lJfe KUK-1; 2 - n-, 

-y-KoHBepTep, h = 107 MM, KUK-2, z = -328 MM; 3 -
JlTH-H, KUK-2, z = -330 MM; 4 - He3arpylKeHHblA KUK-1 (A -
TeKy11.1ee 3Ha'leHHe IlllOTHOC'Ill neneHHA 2 3 5 U; A - MIKQ{MIJ!b-

u 
Hoe 3Ha'leHHe nnoTHOC'Ill nenemdt e KUK-1 6e3 3arpY3KH) 

ee MaKCHMaflbHOro 3HatJeHHJI B OObeMe A3. flo3ToMy C 

HeKOTopbIM JanacoM MO)l(HO npHWITh, tJTo 3arpy3Ka KUK 
o6nyqaeMbIMH O61.eKTaMH He npHBe,u.er K onaCHbIM nocne,u.­

cmHRM, eCJIH nnOTHOCTb ,u.eneHHH B ypm-rpaq>HTOBblX 

o6paJuax, p33MemaeMbIX B Ka.Hane ,!J.JIJI HC HJIH Ha ero 

BHeWHeK noBepXHOCTH, He 6y,u.eT npeBblWaTb ruJOTHOCTH 

neneHHK B KUI<-1 6e3 3arpy3KH. 

flpH pa6ore peaKTOpa :611[ P B CTaTHtJeCKOM pe>KHMe 

noBbillleHHe JIOKaJibHOK MOTHOCTH ,u.eneHHK ypaHa, o6yc­

noaneHHOe 3arpY3KOK KUK, He non)K}{O conpoBollq];aTb­

cJ1 cymecmeHH&IM noB&nueHHeM TeMneparyp&I mJna 

BCne,u.cmHe nepepacnpe,u.eneHHJI ee no 061.eMy A3. 
l13 pHC. 4 BH,!J.HO, 'ITO BO BCeX H3YtJeHHbIX cn:ytJaJIX 

pa3MeIUeHHe noJIH3THJieHOBblX noayweK HeiiTpoHOB 

(JITH-C) npHBO,!J.HT K 3HatJHTeJibHOM}' (~ 8 pa3) yBeJJH­

tJeHHIO nnoTHocrn neneHHii 2 3 5 U Ha BffYTpeHHeii rpaHlnte 

TOnnmmoro MarepHana A3. Ilo3TOMY TaKHe noByUD<H 

Moryr 6bITb HCnOJib3OBaHbl TOflbKO npH CTaTHtJeCKOM pe­

>KHMe pa6or&1 peaKrnpa, npHtieM BpeMR B&meneHHJI B A3 
3HeprnH ~ 300 M.U)I( ,!J.OJI)l(HO 6b1Tb He MeHee 1 ll. YK33aH­

Hble ycn:oBHJI onpe,u.eJIJIIOT MaKCHMaJibffYIO ,u.onyCTHM}'IO 

CTaTH'leCKYJO MOIUHOCTb peaKTOpa ~ 80 KBT. Heo6xoJJ;H­

MO TaK)l(e BKJIIO'leHHe WTaTHOH CHCTeMhl oxn~eHHll A3, 
tJT06bI npe,!1.OTB paTHTb 'lpe3Meplil>rn pa3orpeB nOJIH3THJie­

Ha 3a ctJeT nepe,u.atJH renna OT TB3JIOB. 

PHc. 5 CBH,!J.eTen&cmyeT, 'ITO ace HCnOJibJyeMbie B 

Jmx OUbITax Jarpy3KH KUK cnoco6HbI BbI3BaTb npeBhI­

weHHe ,u.onycTHMOH MOTHOCTH ,u.eneHHH B TOIUIHBHOM 

MarepHane A3 npH reHepupoaamm nonHoMacUITa6Horo 

HMnyJI&ca ,u.eneHHii. KpHBaR 1, B qacTHOCTH, IlOKa3bmaeT, 

t{TQ Ka,a.MHpOBaHHe nOJIH3THJieHOBOro crep)l(HJI ,u.HaMeTpoM 

SO MM He ycrpaHReT onacHOCTH neperpeBa ronnHBHoro 

MaTepHana. Jln11 npenoTBpameIDlJI JToro Heo6xo,!J.HMO 

npH YKaJaHHbIX 3arpy3Kax KUI<-1 yMeHbWaTb nomme 
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:meprOBbl,[leneHHe B A3 3a HMnyJibC Ha K03q>cpHI.OleHT, pall· 

Hb!H 3Haqemuo A.IA B Mat<CHMyMe cooTBeTCTBYIOllleH 
I U 

KpHBOH pHC. 5. 3aMeTHM, qTO OKpy,t<eHHe rpacpHTOBoro 
UHJIHH,l:\pa ~ 96 x 350 MM Ka,[J.MHeBblM 'leXJIOM B npe.o.enax 

TOql{OCTH H3MepeHHH He H3Metu1eT 3Ha'leHHR A/Au, nony­

'leHH&Ie .D,1IJI o6pa3ua 6e3 Ka,[J.MHJI (KpHBaR 2 pHC. 5). 
113 pHC. 6 BH.D,HO, ~o n-, 'Y·KOHBepTepbl, HaxO,ll.l[UlHe­

CJI Ha .D,He KUI<-1, MOryT 6bITb npl{ql{HOH nonyTOpaKpaTHO· 

ro npeBbIWeHHJI nJIOTHOCTH .o.eneHHH a o6naCTH A3, IlJ)HJle­

raiomeii K KOHBepTepy. IlonoM}' raKoe pa3MemeHHe 

n-, 'Y·KOHBepTepoB npH HMnyJlbCHOM pe)l(J{Me pa6oTbl peaK­

TOpa He.o.onycTHMO. 

Pa3MemeHHe n-, 'Y·KOHBePTepoB H flTH-11 B KUI<-2 
npH z = - 330 MM JIBJIJleTCJI BilOJIHe npHeMJieMbIM, IlOCKOJlb­

KY a 3TOM cnyqae nnoTHOCTb .o.eneHHH 2 3 5 U a A3 B npe.o.e­

nax TQqffOCTH H3MepeHHH He npeBblCHT .o.onyCTHMoro 3Ha­

'leHHJI, 

3AKillO'fEHHE 

Ilpe.D,CTaBJieHHbie 3KCnepHMeHTaJibHble pe3Y1IbTaTbl Il03· 

BOJIJIIOT oueHHTb B03M0)1(J{bie B03Mj'UleHHJI peaKTHBHOCTH 

H nnorHOCTH .o.eneHH~ a TBJnax peaicropa EHfP, 06yc11oa-

11eHH&1e 3arpy3KOH ueHrpan&Horo Kattana A3 0611yqaeMb1-

MH o6pa3uaMH. HaHOOJiblllHe 3cpq>eKThl B03HHKa!OT npH 

3arpy3Ke B Kattan BO.D,opo.o.oco.o.ep)l(aUlHX MaTepHaJIOB: 

B03MyweHHe peat<THBHOCTH peaKropa B uenoM .D,O 3,4 /33<1>; 
aeca HC - .o.o 0,2 /j3<1>; noKanbHOH flJIOTHOCTH .o.eneHHii -

.o.o BOCbMHKpaTHoro YBeJIHqeHHJI. 

Ilpat<Tl{qeCKHe 1II06b1e noJIO)l(HTeJibHble B03MYIUeHHR 

peaKTHBHOCTH H HeOOJiblllHe OTPHUaTeJibHbie (.o.o 

-0,3 /j3<l>) Moryr KOMneHCHpoBaTbCJI 6noKaMH perynH­

p0B3HHJI peaKropa EfP H ETP. )lnR KoMneHcamm 3Haql{­

Te1lbHbIX OTpHIIaTeJibHblX B03Mj'UleHHH peaKTHBHOCTH Heo6-

XO.[l,HMO cHapy)l(H A3 .D.OilOJIHHTeJibHO pa3Melll3Tb OOJib· 
urne 6noKH orpa)l(3re11J1, nH6o 3arpy)l(3Tb a KUK cneUHan&­
Ho H3rOTOBJieHHble TB31lbl. 

IlpH B03MyllleHHH peaKTHBHOCTH, BHOCHMOH HC (npH 
npat<THqecKH JIIOOOM ero 3HaqeHHH), OCTaerCR B03MQ)I(. 

HOCTb reHepHpoaaHHJI HMnyJI&ca .o.eneHHH, HO Tpe6yeTCJI 

TlllaTen&HaR KaJIH6poaKa Beca HC .o.o nepeBo.a,a peaicropa 
B HMnyTibCHblH pe)l(HM pa6oTbl. 

Bo3MO)l(J{OCTb pa3Me1UeHHJ1 B ueHTpaJibHOM KaHaJie 

A3 JIOByWeK reflJIOBblX HeiirpoHOB H n-, 'Y•KOHBCPTepoa 

onpe.o.eJIJ1ercJ1 pelKHMOM pa6oT&1 peaKropa: npH CTal.OIOHap­

HOM pe)l(l{Me 3TH ycrpoiicraa MOryr 3aHHMaTb JII06oe IlOJIO· 

)l(eHHe no BbICOTe KaHana: B KMIIYJlbCHOM pe)l(HMe - TOJlb· 

KO Ha paCCTOJIHHH z = - 320 MM OT ueHTpa A3. 

Ilpime.o.eHHbie .D,aHHbie HMelOT BVKHoe 3Ha'leHHe .D,1IJI 

IlOBblllieHHJI 3q>cpeKTHBHOCTH H 6e30naCHOCTH JKCrIJJyara­

UKH peaKTopa EHfP. 
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XAPAKTEPHCTHKH HMIIYJibCHoro PEAKTOPA BHrP 
C OTP.A)KATEJI.HMH 113 CTAJIH, rPAcl>HTA 11 IlOJIH3THJIEHA 

B.H. Bor,D,a.HOB, M.11. KyBWHHOB, A.H. K03JlOB, 11.r. CMHpHOB 

npe.o.c-rasneHbl 3KCnepuMeHTam,Hble AaHHble O xapaJ<TepHCTHKax HeltrpoHHoro HJny'lelOlll npH pa:iMeWelOIH Ha pll31IH'IHLIX paCCTollHl!llX 
86/IHJH A3 6omunoc, CpaBHHMblX C pa3MepaMH A3 0Tpa)l(aTeneR HJ CTllJIH, rpa<t>HTa ' DO/IH3THneHa. lhy'leHo JJ.eltcraue 3ntX OTp8.)l(aTeneR 
Ha napaMeTpw HMnym,coa .ueneHHR a A3. 

CHARACTERISTICS OF PULSED REACTOR BIGR WITH REFLECTORS OF STEEL, GRAPHITE AND POLYETHYLENE. V.N. BOG­
DANOV, M.I. KUVSHINOV, A.N. KOZLOV, I.G. SMIRNOV. Experimental data on characteristics of neutron radiation by disposing large steel, 
graphite, polyethylene reflectors, romparable with core sizes, within defferent distances close by core are presented. The effect of these 
reflectors on parameters of fission pulses in core has been studied. 

EbICTpblH HMnynbCHbIH rpa4>HTOBbIH peai<Top Elff P 
[ 1) x.apaKTepH3yeTCJl BblCOIOIM .u,onyCTHMblM 3HatteHHeM 

JHeproBbI.D,eneHHn B HMny1lbce (Qmax = 280 Mll)I() H cpas­

HHTeJlbHO 60Jlbl.l.ll{MH pa3MepaMH aKTHBHOH 30Hbl (A3) 
(.D,HaMetp 760 MM, BblCOta 670 MM), KOtopan He HMeeT 

oTpa)l(aTenn. 3to o6ecne'!HBaeT nonytteHHe .D,OBOJlbHO o.D,Ho­

po.D.Horo HeHTpoHHoro nonn B peaKTOpHOM Jane (cteHbl 

KOTOporo CJlY)l(aT 6HOJ10rH'leCKOH 3aIUHTOH) C BblCOKH· 

MH 3HatteHHJlMH cpmoeHca 6blCTpblX HeihpoHOB - .D,O F = 
= 1,1. 101 5 HeHTp./cM2 Ha noBepXHOCTH KO>l<yx.a A3 peaK­

Topa. KolKyx H3fOTOBJleH H3 HeplKaBe101UeH CTaJIH TOJl!UHHOH 

8 MM; ero HapylKHlln noBepXHOctb y.u,aneHa OT ueHTpan&­

HOH OCH Ha 430 MM. 

llanbHeiimee yBenHtteHHe cpmoeHca 6bICTpbIX HeifTpo­

HOB H IlOBblllleHHe O.D,HOpo.D,HOCTH ero pacnpe.u,eneffiUI B6nH-

3H A3 MOlKeT 6bITb .D,OCTHrHytO C IlOMOIUblO OTpalKatem1 

(HanpHMep, H3 CTaJIH), pa3MemaeMoro Ha HeKOTOpoM 

y.u,aneHHH OT A3 H 06paJy101Uero, TaKHM o6pa30M (Mell<.D,y 

oTpa)l(aTeJieM H A3), ofueM .D,JlJl o6nytteHHn. 

)lnn p.R:.u,a npHMeHeHHH peaKTOpa Tpe6yeTc.R: taKlKe 

nonytteHHe HHTeHCHBHblX IlOTOKOB 3aMe.D,JleHHblX HeHTpo­

HOB. 3To .u,ocrnraeTc.R: c nOMOlllblO oTpalKaTenn, HJroroBneH­

Horo HJ MatepHana, xopowo JaMe.D.11.R:101Uero HeiiTpo­

HbI [2) . 
B .D,aHHOH pa6ore H3yttalOTCJl napaMetpbI peaKtopa 

El1f P H x.apaKTepHCTHKH HeHTpoHHoro HJnytteHHn npu 

pa3MeweHHH B6JIH3H ero A3 OTpalKateneii H3 cTanH, rpaqm­

Ta H Il0JlH3THJleHa, pa3Mepbl KOTOpblX cpaBHHMbl C pa3Me­

paMH A3. 

KOHCTPYKUIDI H PA3MElllEHHE OTPA>KATEJJEA. 

METO,!lbl M3MEPEHHA 

Bee OTpa)l(aTenH BblilOnHeHbl B <l>opMe npHMoyronb­

Horo napannenermne.u,a, nepe.D,HeH (o6pameHHOH K A3) 
rpaHH KOToporo npu.u,aHa q>opMa, 6JIHJKa.R: K <t>opMe KO· 

>1<yxa A3. flonepe'IHbie pa3Mepb1 orpalKaTeneii 6m-1JKH K 

paJMepaM A3, TOJlWHHa paBHa 180 MM .D,Jl.R: CTanH, 

800 MM .u,n.R: rpa<t>uTa H 500 MM .u,nn nom1JTHneHa. Ha nepe.u,­

Heii rpaHH rpa4>ur0Boro H noJIHJTHneHosoro 0TpalKa1ene11 

JaKpennj[JlHCb 6opHble q>HnbTpbl (5 MM HaCbllD{OfO Kap-

6H.u,a 6opa npHpo.D,Horo HJOTOnHoro cocTasa) [3). TaK 
KaK .D,Jlll IlOJJHJTHneHOBOro OTpcl)KaTen.R: a ~ 20 L (a -
xapaKTepHbIH paJMep oTpa)l(aTen.R:, L - .D.JlHHa .D.H<l><l>Y3HH 

TennOBblX HeHTpoHoB)' TO ero, B OTJlH'IHe OT rpa<t>HTOBoro, 

MO.lKHO C'IHTaTb npaKTH'leCKH 6eCKOHe'IHblM (.u.nn rpaqiu­

TOBO ro OT pcl)KaTen.R: a ~ L) . 
1-faytteHHe npoBe.D,eHO .D,ll.R: cne.u,y101J.J.HX <pHKCHpoBaH· 

HbIX pacCTOJlffi!H Mell<.D,y OTpalKaTeneM H noBepXHOCTblO 

KO>l<yXa A3: .1R = 100, 200, 350 MM .u,n.R: ctanbHoro H rpa­

q>urosoro oTpalKaTeneii H fiR = S MM .D.Jl.R: rpa<t>HTOBoro 

H noJIHJTHJleHOBoro. 

Bee KOOp.D,HHaTbl H paCCTO.IIHHJI OTC'IHTbmalOTCJl OT 

TO'IKH, ne)l(aweii Ha Ko>1<yxe A3 Ha ypoBHe reoMetpH'le­

CKoro ueHTpa A3. 3Ta ToqKa ycnoBHO HMeffYercn "ueHTp 

KO>l<yXa". B HJJlOlKeHHH HCnOJlb3yeTCH KOOp.D,HHaTa T -

pacctO.R:HHe, OTC'IHTbmaeMoe B pa.D,HanbHOM HanpaBneHHH 

OT ueHTpa Ko>1<yxa. UeHTpoM A3 s .u,an&HeiiweM 6y.u,eM 

HaJbmaTb TO'IKY MaKCHMyMa HeihpoHHoro nOTOKa B ueHT­

panbHOM Kattane A3, pacnonolKeHHyro Ha SO MM HIDKe 

reoMetpHttecKoro ueHTpa A3. 
XapaKrepHCTHKH HeHTpoHHoro non.R: HJMepMHCb C 

noMOlllblO pa3JlH'IHblX JHeprOttyBCTBHTeJibHblX peaKUHH, 

H.D,ylUHX non .D,eHCTBHeM HeliTpoHOB. flpH JTOM HCilOJlb30· 

BaJlHCb KaK Manora6apHTHbie HOHH3auHOHHble KaMepbI 

i:r.eneffiUI (MK.U) ' TaK H aKTHBaJ.l}!OHHble HH.D,HKatOpbl, 

'IHCJlO peaKUHH B KOTOpblX onpe.u,e1VUIOCb C nOMO!UblO 

CIOIHTHnMUHOHHoro r-cneKTpoMeTpa Nal (Ti). B H3Me­

peHHnx npHMeHJlJlHCb !pHJlbTpbl H3 Ka.D,MHJl TOJlWHHOH 

I MM H 1 0 B TOJIWHHOH no 10 B 1,09 r / cM
2

• 

B Ka'leCTBe MOHHtopa '!HCJla .u,eneffirn B A3 HCilOJlb30· 

BaJIHCb )J.eTeKTOpbl, y.u,aneHHbie OT A3 Ha ~ 4 M H pa.3Me-

1UeHHb1e TaKHM o6paJOM, '!TO OHH He "BH.D,.R:T" OTpa)l(aTenb. 

flpeµ.IIonaranOCb, '!TO J<pq>eKTHBHOCTb taKoro .u,eTeKTOpa 

(B eJIHHHuax OTC'leT/ .u,eneHHe s A3) He HJMeHJleTCII npH 

paJMeweHHH s6nHJH A3 oTpa)l(aTeneii. 

feHepHpoBaHHe HMnynbCOB )J.eneffirn ocyWeCTBJlMOCb 

B pelKHMe c OCTaHOBKOH HMllYJlbCHOro CTeplKWI B A3 npH 

HHHI.O!HposaHKH OT BHeWHero HeHTpOHHOro reHeparo­

pa [ 1 l . 
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A3 CO CTAJlbHblM OTPAJKATEJIEM 

0rHOCHTeJibHble pacnpeAeJieHHJI IlJIOTHOCTeH peal<UHH 

AeJieHHJI 
237

Np, 235 U, 235 U B Cd H 10B no ~cy (Ha 

ypoBHe ueHTpa KO)K)'X3) B 3330pe Me)l(Jzy OTp3'KaTeneM 

H KOlK}'XOM A3 npeACTaBJieHbI aa pHC. 1. TaM )Ke A1IJl 

cpaBHeHHJI HaHeceHbI aH3110rH'IHbJe pacnpeAeneHHJ1 npH OT­

cyTCTBHH 0T~TCJIJI. 3a eµ;JUDUzy npHHJITbl M0THOCTH 

1,6 

a 

1,2 

0,8 ~ '-· 
~~ 

0,4 . "--------. __ 
~ 
~ 
0 6 t:.. 
< 1,6 

.....___... 

1,2 

• 

' ~ ._ • 0,8 ·~ ·-· ~ ~ - --■-

0,4 ~~ 
·--

f,MM 

PHc. 1. OmoCHTenJ,H1,1e pacnpenenemu1 nnoTHoCTH neneiudt 

• s' Np(n, f) (a) H • s s u (~ DpH pa3MemeHHH CTam.HOI'O OTplllKaTe-

1UI B TpCX uono>KeHHJIX Blilm311 A3 (15: - • - - 2 ss U(n, f) (ie3 ct,Hm,T­

pa; -♦- - "'U(n, f), ct,Km,Tp HJ l<a.AMHll; - • - - "'U(n, f), 
ct>H111,Tp HJ I OB 

0,llH0HMeHHblX pe3KUHH A6116HHJI B uempe K0:llcyX3 npH 

OTcyTCTBHH 0Tpa,K3T611Jl . )lamo,1e pHC. 1 CBHAeT611bCTB)'IOT 

0 TOM, 'ITO 33 C'leT CTanbHOro 0TP3)1(3T611Jl B o6pa:3yeMOM 

3330pe npoHCX0,llHT 33MeTHOe ysemAeHHe 4>1110CHca HeHTpo­

HOB H YM6HbllleHHe ero p3,!lH311bHOro rp3,!lHeHTa. )lnJI K3'K­

Aoro H3 HCnOJib30BaHHbD{ AeTeKT0J>OB (B TOM 'IHCJie H ,IJJUI 

HenpHB0.a;HMblX 3AeCb 58 Ni(n, p), 63 Cu(n,'-y), 239Ptl(n, f)) 
B TOH H1IH HH0H CTeneHH Ha6moA3eTCJI B03paCT3HHe IlJIOT­

HOCTH JIA6pHblX peaKIOIH no Cp3BH6HHIO co IJJT3THOH reo­

MeTpHeii (HcK111011eHHe coCT3BJIJIJOT pacnpeAeneHHJI 'Dfcen 

AeJieHHH 235 U H 239 Ptl npH .1R = 350 MM). OTMe11eHHoe 

B03p3CTaHHe 06yC110B11eHo AeKCTBHeM OTp3'KeHHl>IX Heii­

Tp0HOB - HenocpeACTBeHHO pacceJIHHl>IX Ha AeTeKTOpbl 

B 3330pe H qepe3 ysemAeHHe 'IHCJia AeneHHii B o6naCTH 

A3, o6parueHHoH K oTp3'KaTe1110. ,IlnJl .1R = 100 MM <t>mo­

eHc HeiiTpoHOB c 3Hepmeii Bblllle 0,58 MJB (no peaKll,HH 
237Np(n, f) - CM. pHC, 1) B ofueMe ,IJ,TUI 06nyqeHHJ1 B 

1,5 - 2,0 pa3a Bblllle, lfeM B Tex )Ke TO'IK3X B CJiyqae OTCyY­

CTBHJI 0Tp3)1(3T6JIJI. IlpH 3TOM no a6COJIIOTHOMY 3H3'1eHHJO 

4>1110eHC f > 0,5 & M3B BO BCex T0'IXaX, Jie)KawHX B 3330-

pe no paJlHYCY, He MeHee qeM Ha 30% npeBbllll3eT 4>1110-

eHc H3 llOBepXH0CTH KO:llcyX3 A3 B reoMeTpHH 6e3 OTpa­

)1(3TeJIJI . 

IlpH .1R = 350 MM nnoTHOCTb noporoBbJX peaKUHii 
58

Ni(n, p), 
237

Np(n, f) H 
235

U(n, f) B 
10B npaKTH'le­

CKH He OTJIH'l3eTCJI OT 3H3'1eHHii B cny11ae OTCyYCTBHJI 0T­

p3'KaTeJIJI, 3To CBHAeTeJI&CTByeT O TOM, 'ITO npH T3KOM 

yA31IeHHH 0Tp3'KaTe11b He npHBO,llHT K 33MeTHOMY nepe­

pacnpeAeneHHlO nJIOTHOCDf AeJieHHii B A3. B TO )Ke BpeMJI 

B6nH3H OTp3'KaTe11Jl B 3T0M cnyqae <t>moeHC HeHTpoHOB 

C 3Hepmeii Bblllle K3,IJ,MHeBOH rpaHHUbt•> B /lB3 p33a, a 

F> 0,58 MJB - B 1,7 p33a 6omwe. OTMelfeHHoe ysenH­

'leHHe <t>moeHCOB o6yCJIOBJieHO B ,[UIHHOM cnyqae TOJibKO 

pacceJIHHeM HeHTpoHOB H3 OTp3'KaTe11Jl H3 AeTeKTOpbl. 

B 3330pe Me)l(Ay OTp3)1(3TeneM H KO)K)'XOM A3 K3,IJ,­

MHeBoe OTHOIJJeHHe A11J1 peaKll,HH 2 3S U ( n, f) H l 3 9 fu ( n, f) 
6nH3KO K e,a;HHHUe (Red ~ 1,05)' B TO BpeMJI K3K B OT­

CyYCTBHe OTpa)l(3TeJIJI 3TH OTH0IJJeHHJI p3BHbl 1,60 H 1,82 
COOTBeTCTBeHHo Ha noBepXHOCTH KO:>KYX3 A3 H paczyT 

no Mepe YA311eHHJI OT Hero. 3To CBHAeTeJibCTByeT O TOM, 

'ITO OTp3'KaTe11b 3KpaHHpyeT ofueM A1IJl 0611y11eHHJ1 OT 

"KOMH3THblX" HeHTpoHOB. 3TOH 3KpaHHpoBKOH MO)KHO 

OOb.RCHHTb TOT <t>aKT. 'ITO npH H311H'IHH OTP3)1(3Te11Jl Ha 

.1R = 350 MM llJIOTHOCTb AeneHHH 2 3 s u OK33blB3eTCJI npaK­

TH'leCKH T3KOH )Ke, K3K H 6e3 OTp3)1(3TeJI.R (cM. pHC. 2)' 
a A11J1 

239
Ptl A3'Ke yMeHblll3eTC.R. IloCJieAHee o6ycnoB­

neHo reM, qro K3,IJ,MHCBOC 0TH0IJJCHHe Jl)lJI 
239 Pll B 0TCyY­

CTBHe OTp3'KaTeJI.R 60Jibllle, qeM AJ].R 2 3 5 u (n, f). 

•) B Kaqecme MoHRropa ct>moeHca HeltrpoHoB c JHepI'Helt BhlWe 

K&D,MHeBolt rpaHHW.Z HCDOD!,3()BIIHJI pe&J<UHll • 11 U(n, O a ct>H111,Tpe 

HJ I •a. B COOTBeTCTBHH C p&C'leT8.MH, IIpOBC,11.eHJ!hlMH A.C. Kowe­

neBblM C HCDOD!,30BBHReM &!6nHoTeKH K11&CCHcl>HUl!POBllHHblX 

cneKtpOB [ 4], J]Jlll oom,.woro Kpyra cneKTpos ceqeHRe 3'rolt peaK­

wm Bb!We Ka,11.MHeBolt rpamu.1,1,1 MOllCHO C'IHTan 0/lHH&KOBblM H pBB­

HblM (1,16 :!: 0,25).10-24 CM2, 



~EACTBHE CTAflbHOfO OTPAlKATEIDI 

HA PEAKTHBHOCTb H XAPAKTEPHCTHKH 

HMnYnLCOB ~EflEHHA 

Ha p3.31IH'IHOM YA3JleKHH OT A3 cram,HoH oTp3.)l(arem, 

BHOCHT C1Ie.lzy101UHe B03M}'1UCHHJI peaKmBHOCTH : 

t.R, MM 

350 
200 

10 

6~e• 133<1> 
+0,32 
+o,66 
+l,25 

B reoMeTpHH co CTaJibHhlM OTpIDKaTerreM 6bUIO npoH3· 

Be.u;eHO TPH HMJIYITbca .u;erreHHH. <I>opMa HMJIYITbCOB .u;eneHHH 

3aJIHCblBanacb urraTHbIMH MeTo,u;aMH (KOaKCHaJibHbIH Q)OTO· 

JrreMeHT <I>3K c nnaCTMaCCOBblM CUHHTHnnJITOpoM), a TaK­

)l(e c noMO!UblO BaKYYMHhIX KaMep .u;eneKHH (BK.II,) c pa­

,a;JfaTopaMH H3 235U (B cpHnbTpe H3 Ka,n;MHJI - BKJl-5) 
H 231U (BK.II,-8). IlpH JTOM BK.II.-8 pa3Memanacb B ueKipe 

A3, o,u;Ha H3 BK.II,-5 (N° 108) - B ofueMe ,IJ;JIJI ofirry'leHHH 

(B ueHTpe Ko~a), a .u;pyru (N° 2) - BHe ofueMa ,IJ;JIJI 

ofirrytJeHHii (B ueHTpe 3a.n;Heii noaepXHoCTH oTp3)1(aTerrH). 

CHrHanbI C ,u;eTeKTOpoB 3aJIHCblB3JIHCb Ha UH<PpoBblX pe­

rHCTpaTopax nma "<l>HanKa" [5] . IlapaMeTpbI nony'leHHhIX 

HMJIYITbCOB .u;erreHHH npime.u;eHhI B Tafirr. 1. )lrrJI cpaBHe­

HHJI B HeH )l(e noMelUeHbl napaMeTpbI HMJI)'mca, 6rrH3KOro 

K npe,u;enbHOM}' H npoH3Be.u;eHHoro B OTCYTCTBHe 0Tp3)1(a. 

TerrJI ( AR ::;:: 00) , 

A3 C fPACl)HTOBblM 

H nonHJTHnEHOBblM OTPAlKATEJlHMH 

C uerrb!O npeAOTBpameHHJI ITOKaJibHoro BCnnecKa Ae­

neKHH B nepHcpepHHHOH o6nacm A3, o6pameHHQH K 3a. 

Me,IJ;JIHTenlO, HCilOITb30BaJICJI ynOMHHaBII.mHCJI 6opHLIH 

<PHnbTp ,IJ;JIJI nornomeHHJI 3aMe,IJ;JleHHbIX HeHTp0HOB, B03-

B pama101UHXCJ1 H3 oTp3)1(aTerrH B A3. Ilocne repMeTH3~ 

A3, BblIIOITHeHHOH B npouecce <l>H3H'leCKoro nycKa, AO· 

CTyna A3 {K TOIUlHBHhlM ,IJ;HCKaM) HeT. IlOJTOMy ,u;eHCTBeH­

HOCTb JToro cpHnbTpa KOHTpoJIHpoBanH C noMOlUblO onpe­

AerreHHJI IDlOTH0CTH AerreHHH 2 3 SU B ueHTpe KO~xa 

Ar/ Aru OTH0CHTerr&Ho ueHTpa A3 (a6JIH3H nocne,u;Hero 

peaJIH3yeTCJI MaKCHM}'M pa3orpeaa ronnima), B WTaTHOH 

reoMeTpHH Ar/ Aru ::;:: 0,127, npH pa3MemeHHH rpacpRTOBoro 

H IlOIIHJTHJleHOBOro OT~aTeneii C 6opHblMH <t>Hn&Tpa­

MH (AR ::;:: 5 MM) JTOT Il0Ka3aTeI!b B03poC AO 0,365 H 

0,298 cooTBeTcTBeHHo. B JTOH )l(e To'IKe Acf Aru ::;:: 0,548, 

Kor.u;a BnnOTffYIO K KO~XY A3 npH,11,BHffYT TOpU0M noJIH­

JTHneHOBblH UHnHHAP I/> 360 x 375 MM (6e3 <t>H111>TpoB). 

Ilocrre,u;Hee H3MepeHHe BblTIOITHeHO AO repMeTH3ai;;HH A3. 
II pH JTOM C nOMOlUblO o6pa3UOB H3 2 3 5 u, pa3MemeHHhIX 

BffYTPH A3, 6bUIO ycTaHOBITeHo, 'ITO neperpeBa TOnnHB­

HOro MaTepHana OT TaKoro UHnHHApa He npoHCXO.a;JfT (B 

'laCTHOCTH, MOTHOCTb .u;erreHHH Ha rpaHHue A3, o6pameH­

HOH K TIOJIHJTHneHY, COCTaBmleT 0,435 OT M0THOCTH ,xene­

HHH B ueHTpe A3) . Hcxo,IJ;JI H3 npime,u;eHHLIX 3Ha'leHHH 

T a 6 n H~ u a 1. napaMeTpbl HMII)'nbCOB ACJJelDlii, pelnHJOBaHHl>IX DJ)H pa3MeLUeHHH e6nH3H A3 
CTan•HOro orpanrenR 

T 1 121 MC 
t.R, MM T0 , MKC Q, M.lliK P, fBT 

~JK BKll-8 BKll-5 BKll-5 
N9108 N'l 2 

350 781 199 3,15 3,14 3,10 3,18 29,0 

100 783 302 3,14 3,12 3,13 28,3 
125 484 264 1,96 73,0 

493 280 1,96 76,0 

n pH Me 11 a H He. IlonolKeHHe t.R = 125 MM lDfKTO&anoci, Tpe6oeaJ01J1MR KOHKpemoro o6ny,iareJibHoro 

3KCIICpHMeHT; T O - nepHOA p83roHa; Q - 3Heproel,IJleneHHe B A3; T 1 / 1 - untpHH8 HMnynbCa Ha nonoBHHe Bbl· 

con1; P - aMIUIHTYAa HMIJYm.ca. 

KaK BHAHO H3 Ta6rr. 1, npH O.a;J{HaKOBOM Ha'laJibHOM 

nepHOAe pa3roHa napaMetpbl HMIIynbCOB, npoH3BeAeHHhIX 

IlpH pa3HO M y,xaneHHH CTaJ1bH0rO 0Tp3)1(aTe]IJI OT A3' O,IJ;H • 

HaKOBbl. <I>opMa HMJIY111>C3 H3ny'leHHH, 3aJIHcaHHLJe HCilOITb• 

30BaHHLIMH AeTeKTOpaMH, He pa3rrH'lalOTCJI Me)l(,IJ;y co6oH. 

TaKHM o6pa3oM, pa3MemeHHe BOOH3H A3 El1f P MaccHB­

Horo CTaJibHOro OTp3)1(3TenJI TI03BOITJIJOT 3aMeTHO yaerrH'IHTb 

<t>rr10eHC 6bICTpblX HeHTpoHOB B o6paJyeMOM ofueMe ,IJ;Jljl 

Ofirry'leHHH 6e3 H3MeHeHHJI q>opMLI HMnym,ca AeneHHH B 

A3 H cpopMbI HMfiYrrhca HeiiTpoHHoro HJny'leHHJI. 

OTHOWeHHJI Ar/ Aru., MOJKHO JaKIIIO'IHTb, 'ITO 3TOT BblBOA 

TeM 6onee MOJKHO pacnpocTpaHHTb Ha CIIY'laH HCTI0I!b30· 

BaHHJI 3aMeAI!JIIOWHX OTpa)l(aTerreH C 6opHblMH <l>HrrbTpaMH, 

OTHoCHTen&Hhie pacnpeAerreHHJ1 nrroTHocm .u;eneHHH 
2 3 SU H 2 3 9 Pu no r0pH30HTaJibHOM}' oceB0M}' KaHarry rpa­

q>HTOBoro OTp3)1(aTerrJI {AR ::;:: 5 MM), H3MepeHHhle C no­

MOlUblO HK.U, npe,u;cTaimeHLI Ha pHC, 2. TaM )Ke npRBe.u;eH 

xo.u; Ka,u;MHeBbIX oTHoweHHH AIIJI 3THX peaKUHH, AHanorH'I­

Hhie ,IJ;aHHbie AIIJI peaKUHH 2 3 5 U (n, f) H 6 3 Cu (n, 'Y) B norrH-

3THneHOBOM OTpa)l(aTerre {AR ::;:: 5 MM) npe,u;CTaarreHLI Ha 

pHC, 3. HJ JTHX pHCYffKOB BHAHO, 'ITO MaKCHMaJibHaJI MOT· 

HOCTb .u;erreHHH 2 3 SU B TIOITHJrnneHOBOM 0Tp3)1(aTerre, ,IJ;OCTH· 

raeMaH Ha rny6HHe r H ::;:: 30 MM, B :::::: 3 pa3a 6om,we COOT· 
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Ar/Aru RCd 

12 120 

10 100 

8 80 

6 .i 60 

4 

2 '-
40 

20 
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Pltc. 2. Pac11pe,11eneHHe llnOTHOCTdt .11,eneHHA 2 ,. U(n, f) (1) H 
"'Pu(n, f) (2) (oTHeceKHhlX K ueHTpy A3) H XO.II, Ka.llMHeBl,JX 
OTHOWeHJdl ~ (l' H 2' COOTBeTCTBeHHO) ,11J1J1 :mix peaKIIHlt no 
I'OpH30HT8JIWIOMY oceeoMy KIHIIIY rpl$rrosoro OTpll)l(JlTenJI 

A/A u 

101 

10·1 

100 

10 

10·2 ___ ....._ __ ___. ___ ~---------

0 100 200 300 400 r, MM 

.!'Mc. 3. Pacnpe,11eneHHe nnOTHoCTelt peaKUHA 21 • U(n, f) (1) H 

.. Cu(n, 'I') (2) (oTHeceHKhlx K tteHTpy A3) H XO.II, K&JJ.MHeBl,JX 
OTHOWel!Jdt Red (l' H 2' COOTBeTC'JBelDio) .l1llll 3THX PeaKUKA no ro­
pH30HTIII.WlOMY oceBOMY KIHIIIY IIOJlll3THneHOBOro OTp&JK&tenJI 
(M&cWT&!i no OCH OPJlHHllT WlJI "Cu(n, 'Y) yseJtHqeH B 10 p83) 

BeTCTBYIOlllEffO ]HaqeHH11 B rpa4>HTe, peami3yeMoro Hll rny-

6HHe re = 230 MM, H B ~ 28 pa.3 60111,me, qeM B ueHTpe 

A3. l•fa 3lllX .D;aHHhlX cne.a;yeT' 'ITO npH reHepHp0BaHHH 

MaJ<CHManbHoro HMIJYJlbca .a;eneHHH (280 M.ll)K) HaH6onb• 

llWI IDIOTHOCTb .a;eneHHH B o6pa3ue H3 MeTaJUDlqecKoro 

ypaHa (90% 235 U) COCTaBHT 0,51.1015 .a;en./r B rpaq>HTe 

H 1,61.1015 
.a;en./r B n011H3THJleHe. OTMeTHM, 'ITO B COOT· 

BeTCTBHH C [2) r H ~ L, a re ~ y'r, r.a;e T - B03pacT TeIUIO· 

BblX HeihpoHOB, 

B no.JIH3THJleHOBOM OTpa)KaTene B o6nacra r E 

28 

E (80, 280) MM MOTHOCTb peaI<UHH 23 5 u (n, f) H 
63 Cu(n, 'Y) (cM. pHC, 4) CITa,lijleT 3KCnOHeHUJlanbHO C A11H­

HOH penaKCauHH ~ 39 MM (npH BbI'IHTaHHH aJ<THBauHH 

Ha Hll.a;Ka.a;MHeBblX Heihporuuc 3TO 3HaQeHHe YMCHhlllaeTCJI 

.a;o 37 MM). PHc. 3 H 4 .a;eMOHCTpHp}'IOT TilK)KC B11HJIHHC 

Kpaeuoro 3q>q>eKTa (npoHHKHoseHHe "~oMHaTHbtx" Heii­

TpoHoB) BMH3H 3a.a;Heii rpaHH 3THX oTp~Teneii, npHQeM 

.a;n.11 nonH3THJleHa MaKCHMyM pacnpe.a;eneHHH 2 3 5 U (n, f) 
H 6 3 Cu (n, 'Y), Kax H .a;m1 nepe.a;Heii rpaHH, .a;oCTHraeTCJI 

Ha rny6HHe 30 MM. 

bbUIH H3MepeHbl taK)Ke pacnpe.a;eneHHJI MOTHOCTeH 

HeKOTOpblX peaKUHH no ofueMy Ky6H'leCKOH nonoCTH, 

o6pa30BaHHOH B rpa4>HTOBOM OTp3.)l(aTene B o6naCTH Max• 

CHMyMa DnOTHOCTeH 6ecnoporoBhlX peaKUHH. 3ra nonOCTb 

(200 x 200 x 200 MM) pa3Me11.1eHa oceCHMMelJ)H'IHO u OT· 

pa)KaTene Ha rny6HHe 200 MM OT ero nepe.a;Heii rpaHH. Pe-

3ynbTaThI H3MepeHHH npe.a;CTasneHhl B ra6n. 2. 

T a Ii n H 1.1 a 2. AK'T111WlMOIIIIWe MHTerpan1>1 peaian1A 2 
'• U(n, O, 

2 "Pu(n, o, 6 'Cu(n, 'Y), 117 Au(n, 'Y) (B K-MKeBblX tl)Knup&x M 

l!e3 HIIX) no OCII nonOCTH B rpll4>11TOBOM OTpllllC&Te.ne, 

10·1 
• peaxwdt/11Apo*) 

ToqK& H3MepeHHA 

PeAKUKJI UeHTp UeHTp UeHTp 
nepe,llllelt nonoC'IH 38.llHeA 
CTeHKH CTeHKH 

235 U(n,f) 31,2 30,7 30,0 
2 "U(n, f) B Cd 2,40 1,98 1,71 
2 "Pu(n, f) 48,4 47,4 45,8 
119 Pu(n, f) B Cd 2,88 2,30 1,99 
1 

• 7 Au(n, -y) 15,2 14,3 13,8 
1 "Au(n, -y) B Cd 9,50 8,46 7,71 
''Cu(n, ,y) 0,247 0,240 0,236 
"Cu(n, 'Y) B Cd 0,0260 0,0212 0,0184 

•) HopMHp0B1<8 llpOH3Be.11eH8 Ha 0.11,HH OTC'leT WT&THOro .11,eTeK· 
TOpa HeltTpoHOB y-reqJ<H, 3Heprosi.meneHHJO 280 M.ll>K COOTBeTC'JBYeT 
4,69.101 o OTC'let'OB, 

I.fa ra6n. 2 BH.a;HO, 'ITO IDIOTHOCTb 6ecnoporOBblX peaK-

1.U{H npaxraqecKH He H3MeHJleTcll no ofueMy nonocrn . 

l•fa pe3YJ1bTaTOB H3MepeHHH DnOTHOCllf .a;eneHHH 2 3 5 U 
H 

2 3 9 Pu B Ka.a;MHeBhlX q>HJlbTpax AfCd H 6e3 HHX Ar 

(CM. pHC. 3 H Ta6n. 2) B COOTBeTCTBHH c peKOMeH,D.al.OUlMH 

[ 6, 7) 6huia onpe.a;eneHa 3q>q>eKTHBHaJ1 TeMneparypa TH 
Te!IDOBOH KOMDOHeHTbl DOTOKa HeHTp0HOB. IlpH 3TOM 

HCnOnh30Banocb COOTHOWeHHe 

g
39 (TH) A} 9

- F~~- Arld Or 5(2200 M / c) 

g35 (T") ~ 5 Fg · ~~d 0~
5 (2200 M / c) 

( 0003HaQeHHJI HA(lITTffqffbl MOHOrpa4>HH [7] ) . ,Un,i: pacqe-­

Ta q>nIOeHca Te!IDOBblX HeHTp0HOB (6) HCnOnb30BanHCb 

.a;n.11 cpauHeHH.11 JKcnepHMeHTam,m.1e 3Ha'leHH11 aKnma­

UHOHHhlX HHTerpanos peaKmm 235 U(n, f), 239Pu(n, f) 
H I 97 Au (n, 'Y), .D;aBlllHe npaxralfeCKH COBDaAaIOlllHe pe-

3YJlbTaTbJ. IlonyqeHHbte 3HaqeHHJI TeMDepayYpbl H <tm10eHca 



TCilJlOBblX HCKTp0HOB, COOTBCTCTBYIOWCI'O MaKCHM3Jll,HOM}' 

3Hepl'OBb{AenCHHIO B A3 280 M.ll)K, npHBe,D.eHbl B ra6n. 3. 
KaK BHJU{O H3 Ta6n. 3, cpmoeHC TCilJlOBbIX HCHTp0HOB 

no o6beM}' nonoCTH noCToRHeH. 

B03M}'lUCHHbIM peaKTOpoM, 'ITO OTpa>KaeT B03p3CT3HHe 

3q>q>eKTHBHOro B peMeHH )KHJHH MI'HOBCHHbIX HCHTpoHOB 

B A3 33 C'ICT OTp3)1(CHHbIX HeKTpoHOB, OCTam,Hble napa­

MeTpbI B npe,u.enax 01.IlHOOK H3Mepemm HCH3MCHHl,J, 

Ta IS n Hu a 3. 3H&'leHKll 3Cl>ct>eKncauoA TeMnepa:ryp1,1 TH H ci>moeHca rennoai,ix HeATpoHOa FT 
B p113nJl'IIO,IX TO'DC&X 00 OCH rpacl>Nroaoro 0TpallalTem1 

Oce110A Kauan .!l)UlMerpoM 30 MM Ilonocn. 200 x 200 x 200 MM 
IlapaMe-rp 

Koop.[lHHIT& r, MM Ilepe,11;HJU1 UeHTP 38,IU{JIJI 

100 

TH 460 

FT'l0' 4 HeATp./ (cM2 .280 M,ll,K) 2,1 

~EACTBHE rPA~HTOBoro 
H DOIIH3THflEHOBOf0 OTPAlKATEflEA 

HA PEAKTHBHOCTb 

150 

441 

3,3 

H XAPAKTEPHCTHKH HMilYflbCOB ~flEHHA 

240 

409 

4,2 

Ha p3311H'IHOM y,u.aneHHH OT A3 rpaq>HTOBbIH oTp3)1(3-

renb BHOCHT cne,izyJOutHe B03M}'WCHHJI peaKTHBHOCTH: 

ti.R,MM 6pc. 1334> 
350 +0,40 

200 +0,84 

100 +1,31 

5 +2,25 

OTMeTHM, 'ITO ,u.n11 noJJH3THJICHOBOI'O 0Tp3)1(3Ten11 

npH AR= 5 MM c5p8 = 0,66'3
3

<1>. T3Koe coorHowemte B03MY· 

memtii pe3KTHBH0CTH, BHOCHMblX rpaq>HTOBblM H noJJH3TH· 

neH0BbIM 0Tp3>K3Ten11MH (c5pc > c5pH), K0ppeJJHpyeT C Bbl­

wenpHBe,D.eHHbIMH ,D.3HHbIMH 0 IlJlOTHOCTH ,u.enemtii 
2 3 SU 

B ueHTpe KO>KYxa A3 IlpH H3JlJAHH 3THX 0Tp3)1(3Teneii 

(Af >~). 
Xap3KTCpHCTHKH HMJI}'nbCOB ,u.eneHHH, npc>H3BC,D.CHHblX 

npH pa3H0M y,u.aneHHH rpaq>HTOBOI'O OTp3)1(3TeIJ11 OT A3, 
npHBe,D.eHbI B Ta6n. 4. PernCTp3IlHJI q>opMbl HMJI}'nbCOB 

,u.eneHHH ocymecmnJUiaCb T3K )KC, K3K H B cnyqae co ctanb­

Hl>IM orpa)l(3reneM, 3a HCKnJO'leHHeM roro, qyo ,u.n11 331IHCH 

q>opMbl HMJIYnbca TCilJlOBblX HeiitpoHOB K3Mepa BK.Il-5 
N° 2 p33MClUllJ]3Cb B 0Tp3)1(3tene (Ha ypoBHe ero OCCBOI'O 

KaHana) Ha rny6HHe r = 60 CM. 

<IlopMa HMII}'nbca n-, -y-H3nyqeHHii, 331IHCbmaeM3JI 

.u.ereKropaMH B ueHTpe A3, B 333ope Me)l(,l];y orp3>KareneM 

H A3, B KOJUIHMHp0B3HHOM nyqKe B coce,D,HeM H3MepHTenb­

H0M 3ane, OK333n3Cb 0.lnlH3K0B0H, ConocraBJJeHHe HM­

nynbCOB ,u.enemtii B A3 npH HanH'IHH rpaq>HTOBOI'O orpa­

)1(3TCJUI H 6e3 Hero [l] nOK33bmaeT J 'ITO npH O,D.HH3KO· 

BbIX ne?fo,D.ax pa3roHa xapaKrepHCTHKH HMII}'JtbCOB ,u.ene­

HHH B 3THX reoMeT?fJI.X A3 B uenoM 6Jm3KH ,u.pyr K ,u.pyry: 

npH .::lR = 350 MM OHH npaKTHllCCKH O,IJ,HH3K0Bbl, a DpH 

.::lR = 200 H 100 MM Ha6nJO)J.3CTCJI HCK0T0poe yMeHbWeHHe 

3MnJJHTY.lJ.bl ~o ~ 20%) HMnymca no cpaBHCHHIO c He-

CTeHKI nonoC'lll CTeHK& 
340 500 

359 311 440 430 421 
4,0 2,3 3,4 3,4 3,3 

Y'IHTblB3JI, 'IT0 noJIHJTHJJeH0BblH 0Tp3)1(3Tem, 0K33bl­

Baer cywecmeHHo MeHbwee ,D.CHCTBHC Ha peaKTHBHOCTb 

H pacnpe,u.eneHHe ,u.enemm no A3, 11eM rpaq>HtOBbIH, MO)l(­

Ho nonaran, 'IT0 OH TaK)l(C He 0K3)1(CT CKOnbKO-HH6y,D.b 

33MeTH0I'O BJDUIHHJI Ha napaMCTpbl HMnynbC3 .u.eneHHH 

B A3. Ha pHc. 4 H306p3)1(CHbI q>opMbI HMIJYnbCOB JJ,eneHHH 

B A3 H COnyTCTB}'IOlllHX HM HMJI}'nbCOB TCilJl0BbIX HCH· 

Tp0H0B B rpaq>HTOBOM 0Tp3>Karene (Ha rny6HHe r = 60 CM) 

npH nono)l(eHHH noCJie,D,Hero AR = 350 MM. Ha JTOM PH· 
cymce 3a e.D,Hmnzy npHIUITa 3MWIHry,u.a B HMI1Ynbce C 

To = 837 MKC. l'fa pHC, 4 H T36n. 4 BH,IJ,HO, 'ITO 
0

IlHK HMll}'Jlb· 

ca B otp3)1(atene ,u.octHraerc11 no3)1(e Ha 0,8 - 1,0 MC, .D.nH· 

remHocn. HMIIyJibca 6onhwe, a 33Af:IHH cppoHT 6onee 3a. 

r,myr. Ilo,u.o6H3JI rpaucq>opMauH11 HMJI}'nbca 6blctpb1X 

HeKTpoH0B B 33MC,D;JIHtene DJUICTCJI THillAHOH H 33BHCHT 

K3K OT COOTH0WCHHJI BpCMCHHblX napaMetp0B peaKTOpa 

(nepHO,D., nonylllHpHHa) H 3aMC,u.nHTenJI (BpeM11 XCH3HH 

TCilJlOBblX HCHTpoHOB lo, nocto11HHaJI cn~a ex), taK H OT 

rny6Hlu,1 T0'IKH Ha6nJO,D.CHHJI B 0T~Tene [8, 9) . J].n11 

T a IS n H u a 4. XapaKTepHCTIIKH HMil)'nl,()()B AeneHKA upH HanH'Dlll 

y A3 rpacl>HtoBOro OTp&llCllTeJIJI 

AR,MM 
napaMe'l'p 

350 200 100 

AKTHBHIIJI 30Ha 

T 0 , MXC 1290 837 554 768 742 

Q, M,ll,K 126 198 258 194 213 

r 112 , MC 5,46 3,13 2,14 3,20 2,98 

P,fBT 10,2 26,0 54,4 26,6 32,6 

P, 0TH, eii, 0,380 1 2,17 0,992 1,20 

OTpaxcaTem. 

P, 0TH, eii, 0,408 1 1,97 1,32 2,06 

T 112 , MC 6,38 3,95 3,23 4,08 3,78 

At•), MC 1,0 0,90 0,75 0,95 0,95 

•) .:!i.t - 31111&3,lthlBllHHe nHxa HMJ1Y1Il,C& TeDn0BbIX HeltTpoH0B 

s arpaxcBTene omoa1Ten.1,Ho DHK& Ht,mym,ca neneHHA B A3 . 
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df/dt, 
0TH. e.a. B 

0,01 1------; ..-- - - --1 IH- - ---- - ---1 

0 10 20 0 10 20 0 10 20 30 40 t , MC 

PIie. 4. ~pMll KMnym,COB .aene,o!II B A3 {l) K COOTBeTCTBYIOUll!X 

KMnym.coB TennoBblX KeltTpoKOB B OTpllll<aTene K3 rpa<IJMTa (2) : 

a - T 0 • 0,554Mc; 6 - 0,83 7 Mc; l,29Mc 

HcnonbJYeMOro rpaq>HTOBOro 6JioKa 10 ~ 1 MC, T.e. 10 ~ 
~ T 

1 
/ 2 , H ywHpeHHe HMIIY1IbCa B 0TP3)1(3Tene npe.n.onpe.n.e­

neH0. OTMeTHM J.1.}lJl cpaBHeHIDI, 'ITO B 3H31J0fH'IHbIX 3KC­

nepHMeHTax Ha peaKTope HPRR 33ll33J.1.l,IBaHHe rotKa ren­
noB&lX HeHTpoHOB B rpa<t>HTe Ha TaKOK )Ke rny6HHe (r = 
= 60 CM) , KaK H B HaweM CJIY113e, COCTaBnJIJlo - 0~ MC. 

O6paTHM TaKlKe BHHMa.HHe Ha TO, 'll'0 npH yMeHbWeHHH 

,!VIHTe11bH0CTH HMity1IbC3 .n.eneHHK B A3 KpyYH3Ha 33.1.1.Hero 

4>poHTa HMI1}'1JbC3 TennOBbIX HeKTpoH0B B03pacneT H B HM­
nymce c To = 554 MKC BpeMR }'MCHbWeHHJI ID'IOTHOCTH 

HeHTpoHOB B e pal COCTilB1IReT ~ 1,5 MC. 3To npeBbW.IaeT 

3HalleHHe 1/a ~ 0,8 MC, KOT0pbIM xapaKTepH3yeTCR cna.n. 
yCTaH0BHBWeKCR IDl0THOCll{ HeHTpoHOB B rpa<t>HTOBOM 

6JioKe Hcnon&JyeMl>IX p33MepoB nocne HJl)l(elCJlHH B Hero 
KOpoTKoro HMity1JbCa 6bICTpbIX HeKTp0HOB (7] . Bonee 

Me.n.neHHb.lK cna.n., H3B6JlIOA3Bll.DfKCR B HaweM CJIY113e, no 
cp3BHeHHJO C HMIIynbCHbJM 3KCnepHMeHTOM MO)l(eT 6bITb 
06&J10feH "noJ.1.J)HTKOK" OTp3)1(3TeM HeHTpoHaMH, HCnyc­

KaeMbIMH B npouecce 0THOQITe11bHO ,!VIHTe11bHOro HMIIyllbCa 
.n.eneHHK. 

HcnQ1Jb3}'R ,!l,llHHJ,le no cpmoeHcy rennOBbIX HeKrpoHOB, 
MO)l(HO nonyllHTb, 'll'O B rpa<t>HTOBOM 0Yp3)1(3Tene MaKCH­
M31JbHbIK ROTOK rennOBbIX HeKTpOHOB B xo.n.e HMIIYm.Ca 
MO)l(er .n.oCTHraTb 3HalleHHJI 7.101 6 Heifrp./ (cM2 .c). C no­
MOIJ.ll,IO npHMeHReMl>IX B peaKrope BHrP pe)l(HMOB pa6ou,1 
(HMity1JbCHOro, KBa3HHMIIynbCHoro, CTaTHlleCKoro [ 1] ) 
noTOK TeMOBblX HeKTpoHOB B 0Tp3)1(3Tene MOlKeT ID13BHO 

BapbHpoBaTbCR OT CKMb yro,u;Ho Manoro f1I) YK33aHHOro 
MaKCHManbHoro. 

B 1101JH31HJJ8H0B0M 0TP3)1(aTe11e lo R-J 1/a R-J 0,2 MC, 
r .e. cymecmeHHo Memme nonyuIHpHHbI HMitymca .n.eneHHK 

B A3. IIonoM}' MO)l(HO 0)l(HJJ.aTh, 'ITO 4>opMa HMitymca 

3aMe.n.neHHblX HeKrpoHOB B TaKOM 0Tp3)1(3Tene He 6y.n.er 
OTJIH'lllTbCR OT <l><>PMl,l na.n.aJOwero HMity1JbC3 6bICTpbIX 
HeHTpoHOB. 
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