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Y,[(K 621.039.51 

3KCilEPlfMEHTAJihHhlE MCCJIE,lJ;OBAHIDI KHHETMKH 
MrHOBEHHhIX HEHTPOHOB B PA3MHO)KAIOI.IJ;MX CHCTEMAX 

C AKTMBHOH 30HOH lf3 IlJIYTOHIDI 

B. Il. ropeJJOB, B. If. lfJihHH, A. A. Kaifropoi.oe, M. If. Kyewuuoe, A. B. Ilamm, 
,n;. IT. Ilemexouoe 

cJ>fYII «PcJ>5IU-BHI1113cJ>», 607188, r. CapoB Hm1<eropo,nc1<oi1 o6n. 

Onpe.ueJieHhJ KHHeTM4eCKJ,le xapaKTepMCTMKH (KOHCTaHTa POCCl•Hlo, 3qJqJeKTl1BHaJI .UOJUI 3anaJ.[\b1Bal01UHX He1hpo­
HOB p:><j, J,f speMJI )l(J,fJHli MI'HOBeHHb!X HeihpOHOB to) .UJlJI «roJJOH» (6e3 OTPa)l(aTeJlJI) KpHTHl.feCKOH CHCTeMbl 113 239Pu (98 %) 
B 8-qiaJe. 31<cnep11MeHThI BhlilOJJHeHhl Ha KpHrn4eCKOM cteH.lle <1>KEH-2M. )lJU1 «ro110i1» c6opKH HJ 239Pu (98 %) KC-1 
npose.ueHO cpasHeHMe pe3yJlbTaTOB MJMepeHHH, ITOJIY4eHHb!X BO BHl1113<1> B pa3HOe speMJI C HCCTOJlb30BaHMeM pa3Jll14110tt 
armaparypbl, c .uaHHbIMM .UJUI attanorwrnoi-1 aMepMKaHcKoit «ronoi-1» c6opKH 113 239Pu (95,5 %) Jezebel (LANL). PeJyJlbrn­
TbI scex paCCMOTPeHHb!X M3MepeHHtt BO BHl1l13<1> He JIBJIJIIOTCJI npoTMBOpeY!IBblMH J,f pa3Jll14alOTCJI C pe3yJihTaTaMI[ aMe­
pHKaHCKHX HJMepeHHM. Ha OCHOBaHHH attanH3a BhlnOJIHeHHhlX Ha c6opKe Jezebel 3KCnepHMeHTOB c.uenaH BblBO.U, 4TO no­
ny'leHHble B H_HX 3Ha4eHHJl Clo H to JIBJlJIIOTCJI OWH604HhlMH. Tipe.UJJO)l(etta H0BaJI HHTepnpeTaUHJI peJyJibTaTOB H3MepemtH 
s LANL, KOT0paJI o6ecne4HBaeT B03MO)l(HOCTh ycTPaHeHHJI ourn6KH npH onpe.uenemrn 3Ha4ettHi1 ao, to H P,<1> .UJUI c6opKH 
Jezebel. 

Kmot.teBble CJIOBa: MeTaJIJIH4eCKHM ITJiyTOHHtt-239, CTeH.ll <1>KEH-2M, KpliTH4eCKaJI c6opKa, peaKTHBHOCTb, KOH­
CTaHTa PoccH-a. speMJ1 )l(H3HM MnIOsettHhIX ttei-lTPOHOB, JqiqieKTMBHaJI .UOJlJI JanaJ.UhIBaiomHx HeitTPoHoB. 

EXPERIMENTAL RESEARCHES OF PROMPT NEUTRONS KINETICS IN ASSEMBLIES WITH A CORE OF 
PLUTONIUM / V. P. GORELOV, V. I. IL'IN, A. A. KAIGORODOV, M. I. KUVSHINOV, A. V. PANIN, 
D. P. PESHEKHONOV // There have being defined kinetic properties (constant Rossi-Clo, effective fraction of delayed 
neutrons Per and lifetime of prompt neutrons to) for bare critical assembly of 239I>u (98 %) in 6-phase. The experiments were 
performed on a critical test bench FKBN-2M. The results obtained at different times in VNIIEF for a bare assembly of 239Pu 
(98 %) using various equipment types were compared to the data for a similar American bare assembly Jezebel of 239Pu 
(95,5 %) (LANL). The results of all measurements considered in VNIIEF are not contradictory but differ from the 
American results. Basing on the analysis of experiments performed on assembly Jezebel there was made a conclusion that 
the obtained values of ao and to for Jezebel are mistaken. There is proposed a new interpretation of LAI\TL results that en­
sures the possibility of mistake elimination at definition the values of Clo, to and Per for Jezebel. 

Key words: metal plutonium-239, test bench FKBN-2M, critical assembly, reactivity, constant Rossi-ao, lifetime of 
prompt neutrons, effective fraction of delayed neutrons. 

Beei.e1rne 

3Kcnep11MeHTaJlbHOe M3y'-leH11e KHHeTHKH HCH­

TpOHOB B pa3MHO)l(alOWHX c11cTeMax (PC) tteo6xo.n11-

MO KaK .nm1 perneHJtil BonpocoB ynpaaneHH.SI .SI.ncpHbI­

MH peaKTOpaMM, TaK 11 ,l\Jl.SI oueHOK :rneprOBbl,l\C.TICHHJI 

B aaap11ttHbIX c11ryau11.S1x. Henocpe.ncrncttHo JKcne­

p11MeHTanbttb1e 3Ha'-leHH.SI KHHeTH'-!eCKHX napaMeTpOB 

11Cil0.Tlb3YIOTC.SI ,nn.SI TeCTHpOB8Hl1.SI HCHTpOHHbIX pac­

'-!eTOB .S1,neptto-cjJ11311yec1<11x xapaKTcp11crnK PC. Ba)l(­

HettWMMM napaMCTpaM11, onpe,neJl.S!IOWHMH KMHeTHKY 

tteihpottoB s PC, .S1BJ1.S1IOTC.S1: 

3 

- IlOCTO.SIHH8.SI pa3MHO)l(eHl1.SI MrHOBeHHblX Hell­

TpOHOB, a; 

- BpCM.SI )l(M3HH MrHOBeHHbIX HCHTpOHOB, 1; 
- JQ)QJCKTHBHa.SI .LI.Olli! 3ana3,nbIB810ll.(HX HCHTpO-

HOB, ~J<j>• 

8 KpHTH'-leCKOM COCTO.SIHHH C y"JCTOM 38Il8311,bl­

Ba!OWHX HeHTpOHOB 3TM napaMCTpbl CB.Sl38Hbl MC)l(.LJ.Y 

co6ott cne,ny!OWHM COOTHOlllem1eM: 

(l) 

r.nc HH,l\CKC «O» YK83bl88CT Ha TO, 'ITO JTI1 napaMCTpbl 

onpC.UCJlCHbl ,nn.SI CHCTeMbl, H8XO,l\.Slll.(CHC.SI 8 KpHTI1-



'-!eCKOM COCTO.SIHl111 C y'-!eTOM 3ana3.D.b1Ba!OIJ.(11X HeH­

'I'pOHOB. 

l.J,eJJblO HaCTO.SIIJ.(11X 11ccne.n0Bali1IH 1!BJ1HJ10Cb 

3KCnep11MeHTaJ1bHOe onpe.neJJCHHe KHHeTl1YCCKl1X 

xapaKTep11cT11K .D.JJH «ronoif» PC H3 
239

Pu (98 % ) 
B &-¢cl3e. YKcl3aHHaH c6opKa 6blna Bb16pa1rn .un11 ny6-

n11Ka1.u111, 11cxo.11.11 113 cne.nyiom11x coo6pa)l(CH11i1: 

- KplffHYeCKHe napaMerpbl :.>TOH c6opKH (reo­

Merpi,ui, HYKJJl1.D.HblH COCTaB 11 .11.p.) co.uep)l(aTC.SI 

B Me)l(.lJ.yHapO.D.HOM cnpaBO'IHHKe no TeCTOBblM 

(benchmark) JKcnep11MeHTaJibHblM )J.8HHblM .D.JJH 

11.11.epHOH Kp11rn'lecK011 6e3onacHocrn [ 1]; 
- .ll.Jl.SI TeCT11pOB8HIDI HCH'I'pOHHblX KOHCT8HT 

Kpai1He )l(eJJaTeJJbHO HMeTb KOMnJJCKCHbie .naHHhie 

o .S1.D.epHO-q>H3w-1ccKHx xapaKTep11cT11Kax PC (He 

TOJlbKO Kp11TM'leCKHC, HO TaK)l(C Kl1HCTl1'ICCKl1e, cneK­

'I'paJJbHblC 11 .up.). C JTOH UCJlhlO HCJJ.8BHO Ha'lan 113.D.a­

BaTbC.SI HOBhIH Me)l(JJ.yttapo.D.HhtH c□paBOYHHK Tecrn­

BhIX (benchmark) JKcnep11MeHTaJJhHhIX .uaHHblX no 

peaKTOpHOH q>H3HKe [2]. TionyqeHHble B H8CTO.SIIJ.(11X 

HCCJICJ).0B8HH.SIX pe3yJJbT8Tbl MOryr 6bITb none3HbIMH 

)J.JUI JTOro cnpaBO'lHHKa. 

3KCilCp11MCHTbl 6h1m1 BblnOJJHCHbl Ha KpMTH'le­

CKOM CTCHJJ.e <l>KEH-2M (Cf>11311qecK11i1 KOTen Ha 6b1-

CTphIX HCH'I'pOHax, MO.D.epHM311pOBaHHWH) [3]. 
Har.m npoBC.D.CHO cpaBHCHl1e pe3yJJhT8TOB 113MC­

pcm111, TTOJlY'ICHHhIX B pa311oe BpeMH so BHMH3<l> 

C HCITOJ1h30B8HHCM pa3JJH'lHblX annaparypHblX KOM­

nneKCOB .D.IDI «ronoifo c6opK11 113 
239

Pu (98 % ) B &-cpa3e, 

c .naHHhJMl1 .D.JJH ananorn'IHOH «ronoi1» c6opK11 113 
239

Pu 

(95,5 %) Jezebel (LANL, CillA) [4, 5). PeJyJlhTaTbI 

scex Haw11x 3KCTICp11MeHTOB npaKTHlJCCKH cosna.n.aIOT, 

HO OTJI11'lat0TC.S1 OT .naHHhJX, nonyqetttt&1x B CWA. 3ro 

pa3JJ11YIIC cymecTBeHHO, B HCCKOJlhKO pa3 □pCBblWaeT 

norpewttOCTH 113MepeHHH (paCXO)l(.lJ.CHHC - 15 % npH 

3MBJJCHHOH norpewHocrn 11JMepeH11i1 2 % ). 
Ha OCHOBaHJ111 aHa.JUl3a B03MO)KHblX norpeWHO­

CTCH 113McpcH11i1 aBropaM11 11acronmei1 CT8Thl1 c.n.cnaH 

BblBOJ).. YTO 3H8'1CHl1H KHIICTHYCCKHX napaMC'I'pOB p,cj,, 
Oo, nony 1-1eHHblC B pa6oTC [4J , co.n.ep)l(aT 3H8Yl1TCJlh­

HYJO CHCTCM8TJ1YCCKYJO norpewHOCTb. B 6onee n03.D.­

HCM pa6oTe [5 J .ll.Jl.SI c6opKH Jezebel 311aL1e1111c P,<1> 
B npe.nenax norpewHOCTl1 COBna.nacT C HaWIIMH .naH­

HblMH .D.JJ.SI «ronow» c6opK11 113 }
39

Pu (98 % ) B 8-qlaJC. 

0.11.HaKO B JTOH pa6oTe KOHCTaHTa Pocc11-ao 3a11MCT­

BOBaHa 113 f 4]. ITOJTOMy .SIBJJ.SICTCH 3aBb!WeHHOH (co­

OTBCTCTBCHHO 3HalJCHIIC to .SIBJJ.SICTCH 3aHH)KeHHb1!11). 

Xapa1nepHCTHKH )KCnepHMCHTaJtbllOH 

c6opKH H ee KpHTH~teCKHX MOJJ,eJlCH 

)J.nn 11ccncnoBaHMH 6brna no.11.06pa11a PC m 

mPu(98 %) B &-cpa3c (p11c. 1). Hccnc.nyeMa11 PC MOH-

4 

rnpoaanacb Ha cTeH.D.e 1<p.11TH1-1ec1rnx c6opoK <l>KEH-2M 

M3 nonyc¢ep11L1ecK11x cnoeB. C6opKa pa36usanach Ha 

JI.BC 48CTH. KaI< CXCM8Tl1'-IHO nOKcl3aJ-Io HU p11c. l. 
H11)1(HHM 6noK co6npancn Ha CTa.JihHOH KOHl1YCCKOH 

onope. BcpxH1111 6noK pacnonaranc.S1 11a CTaJlhHOtt 

)J.HacpparMC TOJ11.l.(I1HOH 1 MM. Ilonyc¢ep11YeCKl1C .D.C­

Taml C BHyTpeHHHM .n11aMCTpOM 6oncc 28 MM 11MCIOT 

IlOJIIOCHbie ornepcTmI .D.HaMeT{?OM 22 MM, KOTOpblC 

rrpH Heo6XO,!I.11MOCTH MOI)'T 3aKJIUJJ.hIBaTbC.SI cneu11-

aJJbHhlMl1 IlOJIIOCHblMl1 npo6KaM11. C-reH.n ycTaHOBKl1 

<l>KEH-2M pa3Memanc.S1 B JKcnep11Me11TaJibHOM Jane 

pa3MepOM 12 X 10 X 8 M, 11MeIOIJ.(eM TOJICTbIC (OT 1 .D.O 

3 M) 6CTOHHble CTCHhl H TTOTOJJOK B KalJCCTBC 611ono­

rH'lCCKOH 3al.l.(11Tbl. 

Pwc. l. 3cKHJ «ronow» pa3MHO)Ka1oweu c6opK11 113 239Pu 
(98 %) s o-cpa3e (PC), co6pattttott Ha cTeH,lle <l>K6H-2M: 
1 - HJ1)l(HIUI 6110K; 2 - sepXHHII 6JIOK; 3 - CTaJ!bHcUI .n1-1a­
cppan.1a; 4 - sepXIDU1 onopa; 5 - Hll)KHJUI onopa; 6 - 11c-

TOY Hl1K ttefrrpOHOB 

C uenhlO y'leTa BmurnH.S1 Ha KMHCTHKY MrHOBCH­

H&1x HCHrpOHOB 3JICMCHTOB Kpennetti,ui PC Ha CTCH.llC 

<l>K6H-2M (onopbI 11 .n.11acpparMa) OblJIH npoBe.neHbI 

TaK)l(C 3KCnep11MeHTbl, B KOTOpblX Ha PC .nonOJIHH­

TCJlbHO ycTaH8BnI1BaJil1Cb eme 0)1.Ha .11.11a¢parMa 

11 BCpXH.SIH onopa (TaKl1e )KC no <popMC H MaTepHany). 

CxcMaTHYeCKOe .11306pa)l(Cill1C reOMC'I'pltll JTOro Ba­

pHa111 a onbJTOB npe.ncrnBJJCIIO Ha p~1c. 2. 
B rn6n. l (A, 6 , B) np11BC.UCHhJ 3a11MCTBOBaHHbIC 

H3 Me)l,.IJ.yHapo.nHoro cnpaBO'lHHKa [l] xapaKTepM­

CTIIKJJ (pa3Mepb1. Macca, IIYKJJlltlHhltt COCTaB KOMOO­

HCHTOB) .D.11.SI CJIOl1CTOH II ynpOIJ.(CllHOH Kp11Tli4CCKl1X 

MO.UCJlCH ll3Y'l8CMOH BO BHHI13ct> PC. B CJIOHCTOtt 

MO.D.CnII np11BOJ1HTC51 3H8'1CHHH YK83aHHbIX napaMeT­

poB JlJl.SI KUll<,llOro ccpcpHYCCKOro CJIO.SI nnyrot-nrn 

B aKTl!BHOM JOHC c6opKH. B ynpomcHHOH MOJJ.CJIH 

3H8L[CHII.SI M8CCbl 11 HYKJiliJJ.HOro COCTaBa npHBCJJ.CHhl 



r 

JlJUI scero 06-heMa aKTHBHOH 30Hhl. McTO,UHKH <j)op­
MHp0B3HHll TaKMX MO,nenew, a TaK)Ke OUCHKM no­
rpeUIHOCTH onpe.neneHml K)q) no.npo6HO H3Jl0)KCHbl 

B pa60Te fl]. 3,neCb OTMCTUM Il11illb, 'ffO paCLieTllble 
c¢ep114ecK11e Mo.nem1 3Kcnep11MeHTanhHhJX PC Mano 

OTnH4alOTCll OT peanbHhlX CMCTeM. TipH ¢op11111posa­
Hl1l1 pacYeTHhlX KpHTHYeCKHX c¢ep11YeCKl1X MO,Uenci1 
PC HC3Ha'il1Ten1,uo 113MCH.sim1c1,: 

- nnoTHOCTh c¢ep11'ieCKHX cnoes c6opKu (o6y­
cnosneao ycpe.nHeH11eM nJIOTHOCTH B Mo.nen11 no o6b­

eM)' cno.si .nenmu:eroc.si. 111aTep11ana 11n11 orpa)KaTeM); 
- 111acca )lM (cB.si.3aHo c np1rne.nett11e111 l\10,nem1 

PCB TOYHO KpHTHYecKoe cocTo.si.tt11e, K3¢, = 1). 
Kpo111e Toro, B pac'iCTHOH 1110.nem1 OTcyrcTBy­

lOT ycrpoi-fcTBa .nn.si. KpenneHJrn PC Ha KpHTHYec­
KOM CTett.ne, a T8K)Ke CYHTalOTC51 OTCYTCTBYlOlllHl\UI 
TCXHOJIOrH'ieCKOe 06opy.nosam1e M CTeHhl no111e1Ue­
HIDI., B KOTOp0M npOBO,D.11Jll1Ch 3KCnepHMCHTbl. 3TH 
M3MCHeHJrn Y<iHTh!BaJIHCh nyreM BBe.nemrn COOT­
BeTCTByIOU(HX nonpaBOK B 3Ha'iem,.si. peaKTHBHOCTl1 

c6opoK. 

P11c. 2. CxeMaTl1'-1ecKoe 1no6pa)l(ett11e c6opKH PC Ha cTeH­
.o.e <l>KEH-2M B .o.or10JIHHTe11bHblX 3KCr1ep11Mettrnx: l - JIH)J(­
HHi1 6JIOK; 2 - BepxHHH 6JIOK; 3 - CT8JibHaJI .o.11acpparMa; 
4 - BepXHJUI or1opa; 5 - HH)J(IDUI or1opa; 6 - HCTO'lHHK 

HeHTµOHOB; 7 - A0il0JIHHTem.Hble onopbl 11 AHacpparMa 

Ta6n11ua l A 

Pa3111ep1,1 11 111acca .nnH cnoncrni1 KpHTH'-leCKOH 1110.nen11 PC 

Cnoi:i, N!! 
Pa,1111yc cc!JepH'-!eCKOro CJI0JI, CM 

Macca ccpepw-1ecKoro CJJ0JI, r 
BHyrpeHHHi:f BHelllHHi:f 

l 

2 
3 
4 
5 
6 

1,400 3.150 1829,0 
3,150 4,020 2153,2 
4,020 4,660 2315,l 

4,660 5.350 3316.l 
5,350 6,000 4004.4 

6,000 6,670 5168.8 

Ta6nHua lo 
Pa3111ep1,1 11 111acca .nn.si. ynpomeHHOH (o.nttocnoi1Hoi1) KpHTH'-leCKOH 1110.nen11 PC 

Cnoi:i, N!! 
Pa.JMepbl c¢ep11\.feCKOro CJI0JI. CM 

Macca, r 
BHyrpeHHHi1 I BHeWHHi:f 

l 1.400 I 6,670 18792 

Ta61111ua lB 

ATOMHall nnornoCTh .nn.si. Kp11rnYccKoi11110.ncn11 PC, arnM1(6apH·c111) 

WecT11cnoi1tta.si. 1\10,nenh 
CJIOtt, N!! "j'Pu "·"Pu Ga Fe C Ni 

l 3,6826•[0-l 6,7320· 10-l 2,2000·10-j 1,4714· 10--I 3,0406·10--I 1,5722· 10-·' 

2 3,6579· 10-i 6,6875·10--I 2,2114· 10-J 1,2992· 10-4 3,0205· 10'"" 1,9330· 10-3 

3 3.6512· 10-2 6,6739·10--I 2,1940·10-3 1.2966· l 0--1 2.2608· 10--I 2,3056- 1 o-j 
4 3.6576- w-- 6,6878· 10--I 2,2 115· 10-j 1.4617·10--I 3,0206· l 0--1 1,8631 · 10-J 

5 3,6471 · 10-l 6,6665 · 10--1 2. 1656· 10-j 1.4571 · 10-4 3,0110· 10-I 1,9715· 10-J 

6 3.6728·10-. 6.7147·10-4 2.2074· l0-3 1,4676-10--1 3,0328· I 0--1 1,6492·10-j 

3.6623·10-- 2.93 1 I · 10--1 1.8624· lo--
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MeTOJlHKH HJMepe1mn 

H 06pa60T1rn pe3y.1hT3TOB. 
MJMepe1rne KOHCTaHTbl cna.ua DJIOTHOCTH 

MrllOBellHblX neiiTpOHOB 

Ha ycTaHOBI<e ¢K6H-2M onpe,ncneH11c KOH­

cTaiffhI cna.na TTJ10THOCTI1 MrHOBeHHhlX Hett rpOHOB 

BhlnOJJIDICTCH KJ18CCH•ICCKHMI1 MCTOJlaMI1 CTTOl!TaHHO­

ro HMnynhCHOro l1CTO'IHl1Ka HettTpOHOB 11 Poccu-a. 

a TaKme np11 noMOlllH KOMnncKca 6PHK (6bICTIJO­

,neikrny10m1111 pernc1"p11py1om11A 11JMep11TenbIIb111 

KOMnJJeKc), 11CTTOJlh3YIOmero nporpaMMHO-arrnapaT­

HhlH KOMrrneKc NMIS (Nuclear Materials Identifi­

cation System) [6]. 
B MeTo,ne CTTOHTUHHOrO HMTTYJibCHOro 11CT04HI!Ka 

HeihpoHOB B Ka'leCTBC « CTapTOBOro» )lCTCKTopa llC­

nOJib3YCTCH 110HI133U.110HH3H KaMepa )lCJICHHH co cno­

eM 
252

Cf. KaMepy .ncneHuii MOmHo paccMaTJ)HBaTh 

KaK MaJIOMOI.I..(Hhll1 11MTTYJJbCHbIH HCTO'-IHHK HCHTIJO­

HOB, cpa6aTh1BaI01UIIH cny<JaHHhIM o6pa30M. Ecn11 

np0113B0)ll1Th 3a11ycK BpCMCHHOro aH8Jll138TOpa HM­

nyJihCOM OT KaMCpbl )lCJiemrn, a m,mynhCbl OT .UeTCK­

Topa HCHTIJOHOB pcrncTp11p0B3Tb B COOTBCTCTBy!0-

m11x Kattanax aHaJ1113aTopa, TO MO)KHO TTOllY<JHTb cna.u 

nnOTHOCTI1 MrHOBCHHblX HeihpOHOB BO BpeMeHH, a 113 

attaml3a nocnc,uHero - KOHCTaHry cna,ua a. 

Annaparypa Poccu-a 3Kcnepm,1eurn BKJIJO'-laeT 

a ce6n CHCTCMY MHOroKaHaJihHOro BpeMeHHOro aHa­

Jll,138 11 )lBa pa3.D.CJihHhIX KaHana pcrncl'pau.~111 HC!i­

TPOHOB Ha OCHOBC CU.HHTHJlllHTOpa H ¢3Y, O,IlliH 113 

KOTOpblX 3a,nacT HalHl.JlO speMeHHOfO atta.runa ( «crnp­

TOBhI H» Kattan), a m.myJihCbl .npyroro HaKamI11BaIOT­

CH B COOTBeTCTBYIOI.I..(lfX KaHanax aMmI11ry)lHOro aHa­

JJI13aTopa ( «CTOTTOBh!H» KfillaJI). 

B MCTO)le 6PI1K see pcmcTp11pycMhIe cI1rHanb1 

o6pa6aTh!BalOTCH a pcanbHOM Macwrn6e BpCMCHH 

C TTOMOI.I..(h!O BblCOKOnpo113BO.llllTCJlbHOro KOMilbIO­

TCpHoro 06opy,uosaH1U1. 11 CilCUllaJihHO pa3pa60TaH­

HOro nporpaMMHOrO o6ecnC4CHHJI. B Ja.n.ayy MCTO,Ua 

BXO.U11T npouecc c6opa HHCpopMau.1111 (CllrHaJIOB OT 

.llCTeKTOpOB nnaCTM8CCOBhlX CU.JJHTl1JlJlHTOpoB 

11 110Hl138UHOHHOH KaMepbl ,neJJeHl1H co cnoeM 
152Cf) 

11 KOppCJIHUl10HHbllf 8HaJJJJ3 - Bbl411CJICHHC pa:rn111.J­

Hb!X c11rnaTyp (xapaKTep11crnI< PC). 
252

Cf-KaMepa 

,nene1111ii ycTa11asn11saJiach y noscpxHocT11 sepxttero 

6noKa PC. B .naHHOtt pa6oTc 11cnon1,1osan11ch ,nsa 

CU11HTHJlJIHUHOHHblX JJ.CTCKTopa. TIO)TOMY B O)lHOM 

:JKcncpmICHTC nony1.Jam1cb llilTb KOppCJI.S!UJ10HHhlX 

Clffttaryp, 113 KOTOpblX MCTO.llOM 11a11MCllhWl1X KBa,n­

paTOB MO)KHO nony4.lffh Ko11crn11ry PocCM- a: ,nae as­

TOKoppcnnu110HHhJC Q)YIIKU.l!H K8)K)lOro H3 .UCTCKTO­

pos, .n.ne KpOCCKOppCJJHU110HllblC Q)}'HKU.1111 K8MCpa­

JJ.CTeKTOp, KpOCCKOppeJJ.S!U.HOIIHaH cj)yHKU.HH l\(C)KJJ.Y 
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.UCTCKTopaMH. MO)KHO TIOKa38Th, '-!TO aBTOI<Oppem1-

UHOHl!aH cj)yHKU.11.H Ka)K,/l.OfO H3 .ueTCKTOpOB 11 Kpocc­

KOppcJI.S!U.110111!8H cpyHKU.11H JJ.BYX .ueTeKTopoB - JTO 

allaJIOf cna,noB, nOJIY4CHHblX MeTOJJ.OM Poccu-a. 

KpoCCKOppennu.uoHHhlC Q)YHKU1111 KaMepb! 11 .n.eTCK­

TOpOB - atta.rIor cna.[.\OB nnoTHOCTl1 MrHOBCHHh!X Hett­

TpOHOB, nony'-ICHHblX MCTO.D.OM cnOHTaHHOfO 11M­

nynbCHOfO HCTO'-IHHKa. 

Heo6xo,n11MO OTMCTl1;h, '-ITO BHe.npctt11e KOM­

IIJlCKCa 6PI1K B npaKTl1KY onpe.uenett11n KHHCT11'-IC­

cK11x napaMC1'pOB 61,1cTph1x PC (c speMeHaMH )Ki13Hl1 

3-20 HC) II03BOJJHJ10 Ka•1ecTBCHHO nOBh!CHTh yposeHb 

npoBe)leHl1.SI '.)KCnepl1MCI-ITOB. YMCHhllJHJiaCb no­

rpewHOCTh 113MepeHI1H npH onpe.nenCHHH 0-0 .no 1-2 %. 
nponrn 2-4 % KJiaCCH'-!CCKl1MH ~ICTOJJ.aM11 38 C'-leT 

BpeMeHHOfO pa3pCWCHl151 (umpm1a K8llaJia spcMeH­

HOfO aHaJIIJ3aTopa I<OMTTJlCKCa COCTaIHIBCT 1 HC np11 

pa3BCpTKC 4096 HC, 4TO o6ccnC'-111BaCT 60JibllJOH Ha-

6op .n.aHHhlX ,/l.Jl.SI Ha)lC)KHOro onpc.n.enemrn KOHCTaH­

Tbl Pocc11-a). 311a•mTCJlhHO COKpaTHJIOCh BpeMH 113-

MCpCHIUI. TaK K8K np11MCHCHl1C attan113arnpa AM-1024 

B KJJaCCH'-leCKl1X MeTo.n.ax 1'pe6yeT BBC.UCHJ151 nonpa-

801( Ha pa3pcrna10mce spcM.a annaparypbI 11 nonyYc­

HIIH HCCMCll{CHHOH OUCHKH a (H3-3a nepeKph!T.ll.SI 

MCpTBblM BpCMCIICM OT pcrnCT])au111I liMTTYJihCOB 

B MJ1a.n.rn11x KaHanax) TIYTCM JJ.OTIOJIHHTCJJbHblX 113MC­

pCHl1H. Anpo6au.1rn KOMTTJICKca 6PJ1K [7] n0Ka1ana 

pa60Tocnoco6HOCTb MCTO,na H Ha.n.emHOCTb Bhlll8Bae­

Mb!X pC3YJihTaTOB, KOTOpblC B npcnenax norpewHO­

cn, cosnan11 C .ll8HHhlM11, nony'-leHHh!MH KJiaCCJiqe­

CKHM MeTO,ll.OM Pocc11-a 11 pac'-!eTOM no nporpaMMC, 

pean113y1Qme11 MCTOJJ. MoHTe-Kapno. 

IlpH Ka)K,UOM 3Ha'-lettIrn peaKTHBHOCTH PC 113Me­

pett11n BpeMCHHbl X cna)lOB nJIOTHOCTH MfHOBCHHh!X 

HCTT1'pOHOB np0113B0)lHJ111Cb np11 paBHOBCCHOlf (ycTa­

HOBHBWCHCH so spcMeH11) TeMneparype PC. TeMnc­

parypa B noMemeH1111 cTeHna ¢KEH-2M 3a spcM.SI 

113Mepem1tt npaKTWleCKl1 6b1Jl8 TaK)Ke f!OCTOHHHOH, 

paBH011 25 °C. 3TO o6ecnC411BaJIO TTOCTO.SIHCTBO 3Ha-

4CHHH peaKTHBHOCTl1 PC. B npoucccc 31<cncpm,IeH­

TOB 3H84CHl1C peaKTl1BHOCTl1 PC Cl1CTeMaTl14CCKH 

KOHTpom1posanocb TTYTCM Bbl'-IHCJlCHlHI KO:Jq)cj)HU.11-

eHTa )'?>IHO)KeHH.R nocpCllCTBOM 113MCpCHHH IlOTOKa 

HCihpOHOB YTCYKH 113 c6opKH C noMOI.I..(hlO «BCCBOJJ­

HOBOfO» CtJCT'-IHKa. 

TIOCKOJlhKY I13MCpCHHJI cna.uos nnOTHOCTH MrHO­

BCIIHblX Hei1TpOHOB npOXO)lHJlH B ycJIOBIU!X BhlCOKOro 

cnoHTaHttoro cj)oHa HCHTPOHOB, 06ycnosnc1moro Ma­

Tep11anoM A3 c6opK1I. o6pa6orKa cnana nnornocrn 

MfHOBCHHblX Hettl'pOHOB, 113Mepc,rnoro s6nm11 Kp11-

THl(CCKOro COCTOHlll1H, 3a1'py.n.tteHa H3-3a nnoxoro 

COOTIIOWCHJrn KoppemIpOB8HHbIX H HCKOppc-n11po­

BaHl1bJX COBna,'1.CHllll. C JJ.pyroi:i CTOpOHbl, C pOCTOM 



TIOJJ.Kp11Tl1'lHOCTH CHCTCMbl 3Ha'-!UTeJibHO y'BCJ111'-IHBa­

eTCH apcwi H3Mepett11i1 113-3a 6b1CTporo 3aTyx.amur 

Koppem1poBaHHblX UCTIO'-ICK .nenemur. I,fa JTHX coo6-

pa>Kemn1 H3MCpCHl1SI npOI13B0.llHJIHCb B HHTepaane 

3Ha'-!em1i1 peaKTl1BHOCTH PC OT MHHyc 0,99 .no MHHyc 

8,54 P1<1>· 

HJMepCHHH peaKTHBH0CTH 

l13MCpCHHH peaKTHBHOCTH BbtnOJIHCHbl MeTO.llOM 

o6pameHHOro pewemrn ypaBHCHHH KHHCTHKH 

(OPYK) [8]. BbI'-IHCJieH11e pcaKrnBttocm npo113ao­

.11.1ncH B OPYK cornactto peKyppeHTHOMY coornowe­

HHIO 

11 · -s · J J 

(2) 

TeKyu1.11c 3Ha'-!CHHH Di.J onpe,nelli!JOTCH KaK 

[ 
1 -A·AI l -}.. 61 -e ' D, -= D. · le ' +a. 1---- (n,-s.)-

1,J 1,J- I /1_./).f J J 
I 

-}._,AJ - e I 

[ 
1 -A·AI l 

- ai e ' - /1.il).t ( n J-1 - S J-1) , (3) 

r.ne D;,o = ai (n0 - S0 ); n1 - c11rnan (cKopocTb C'-ICTa) 

JJ.CTCKTopa tteihpottoa; a,, A, H D,.1 - ornoc11TCJibHbIM 

Bb!XOJJ., TIOCTOHHHaH pacna.ua 11 HOpM11pOBaHHblH Ha 

PJ(jl aHanor HCTO'-IHHKa 3anaJJJ.b1Ba10iu11x HeihpoHoB 

rpynnbl i; S - attanor 3Q)Q)CKTHBHOro HCTO'lHHKa HCM­

TpOHOB; p - peaKTHBHOCTb B CJJ.HHHUaX pJ(jl; /).f - HH­

TCpBan BpCMCHH; HHJJ.CKC <<]» COOTBCTCTl3YCT TeKyu.Je­

MY apeMCHH. 

Hy>KHO YKa3aTb, '-!TO n1 npHBO.UHTCH y>Ke 3a Bbl­

'-ICTOM HCMTpOHHOro Q)OHa, o6ycJIOBJICHHOro HCHTJ)O­

HaMH, OTJ)a>KCHHblMH OT CTCH, TCXHOJIOfH'-1.CCKOro 060-

py,noBaHI-UI, a TaIOKe HCHTJ)OHaMH OT BHCWHHX HCT0'-1-

HHKOB, HaXO,nHllJHXCH B 3KCITCpHMCHTaJibHOM 3aJIC. 

3Ha'-!CHH.R 3Q)Q)CKTl1BHOro HCT0°JHHKa (S) H HCH­

TJ)OHHOro Q)OHa (F) onpC.UCJI.RJIHCb H3 3Ha'-ICHHl1 peaK-

THBHOCTH p I 11 P2 JI.JI$! .nayx. COCTO.RHHH c6opKH, 113MC­

peHHbJX MCTO)).OM CTJ)CJUIIOIUCro HCTO'-IHHKa [8] : 

F=(P1N1 -p2N2)/(P1 -P2); (4) 

S = P1 ( N1 - F). (5) 

3)].CCb N1 11 N2 - acm,tnTOTH'-ICCJrne CKOpOCTH CYCTa 

JJ.CTCKTopa ucihpoHoa np11 pcaKTHBHocrnx PC p 1 

11 P2, COOTBCTCTBCHHO. MCTO)). CTpCJIH!Oll.lCfO HCTOY.-
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Hl1Ka OCH0BaH Ha aJlaJIH3C nepeXOJJ.HblX npouecC0B 

B CHCTCMC rrocne H3MCHCHHH ITOJlO>KCHHH ucihpoHHO­

ro HCTOY.IIHKa. MeTOJJ. HCflOJlb3yeT COOT!l0lllCHHH, 

aHaJIOfHl!HbIC (2)-(3), HO 6e3 3Q)Q)CKTHBHOfO BHCill­

HCr0 HCT0'-IHHKa. 

ITp11 mMepemrnx HMnynbCbI Kattana pernc1"pa­

u1111 He11Tpo11oa rrocrynaI-OT Ha axo.u CAMAC-MO.I\Y­

nH TCLf (TaHMep-cY.CT'-IHK), a OTTy.n.a no CAMAC-urn­

HC - B KOMilblOTCp )J.)1.R o6pa60TKH B peaJibHOM Mac­

wrn6e BpCMCHH. «BCTJ)CJIHBamte» 11 « BbICTJ)CJil1Ba­

HHC» 11CTOY.HHKa HCHTJ)OHOB K A3 11 o6paTHO ocyiue­

CTBJI.RCTC.R npH TIOMOUJH l.llTaTHOH CHCTCMbl JJ.JI.R ne­

peMCl.l..lCHHH HCTO'lHHKa. 

113MCHCHHC peaKTHBHOCTl1 B 3KcnepHMCHTax 

ocyweCTBJIHJiaCb JIH60 TIYTCM yneJIH'-ICHl1H (11m1 
YMCHbWCHID!) 3a3opa MC)K)J.y 6noKaMH PC. n1160 ny­

TeM YJJ.aJICHIIH (11JIH .uo6aBJICHIDI) fl0JIIOCHblX npo6oK 

113 pa3ttbJX cnoea c6opK11. B nocnentteM cnyY.ae 6no­
KH PC 6hrn11 C0MKHYTbI tta .n11acj)parMe. 

OnpeJJ.eJieuue J(j>cJ)eKTHBHOH JJ.0JIH 

33R33.!J.blB310lUHX HCHTpOHOB 

3q)Q)CKTl1BHaH ,l\0Jl51 3anaJ.l),b1Ba10w11x HCHTJ)OHOB 

PJ(jl onpe.ncmnacb MCTO.I\0M conocrnanett1151 pac'-!CT­

HbJX 11 JKcnep11MCHTaJibHblX pe3ynhTaTOB no B03My­

ll.lCHl1IO peaKTHBH0CTH PC CQ)Cp111iCCK11M o6pa3UOM 

B a11.ne nonoro wapa 113 mPu (98 % ) a 8-<PaJe 

C BHCWHHM pan11ycoM 1,4 CM, pa3MCl.l..laeMblM B ec 

UCHTJ)C. Ebrno nonyqetto 3Ha4CHHe PJ<l> = 0,00196 ± 
±0,00003. 

PeJyJibT3Thl H3MepeHHH H HX auamt3 

B Ka'iCCTBC rrpHMepa Ha p11c. 3 npHBCJJ.CHbl HCKO­

T0pble 113 113MepeHHblX KOppCllill.{H0HHbJX Q)yttKJ..{HH, 

npe.ncraBnHIOUJHX co6oii cna.n. flJ10TH0CTl1 MrH0BCH­

HblX 11eHTJ)OHOB BO BpCMCHH. B pa3MHO)KaJOUJCH CHC­

TCMe, HaXOJJ.HUJCHCH B flOJJ.Kp11Tl14CCK0M COCTOHHl111, 

llJIOTHOCTb flOTOKa HCHTpOHOB B 3aBHCl1MOCTH OT 

BpCMCHH OflHCbJBaeTC51 cyMMO.H JKCfl0HCHT, KOTOpblC 

fl0CTCilCHHO 3aTyXaI-OT [8]. KoHCTaHTa a cnana nnoT­

H0CTl1 00T0Ka MrH0BCHHblX HCHTJ)OHOB - 3TO flOKa3a­

TCJlb OCHOBHOH rapMOHHKH cna.ua IlJIOTH0CTH flOTOKa 

MrHOBCHHblX HC.HTJ)OHOB. 

TionyY.aeMblC B Ka)K)J,OM H3MepeHHH KOppeJIHl.(11-

0HHbJC Q)YHKl.(1111 (npCJJ.CTaBJIHIOIUHC co6oi1 cna)\ 

flJIOTHOCTH MrHOBCHHblX HCHTJ)OHOB) o6pa6aTbrna­

Jll1Cb anrrpOKCl1Mllpy!01.1..lCH Q)YHK.l..lHCM. B B11)),C cyMMbl 

TJ)CX JKCflOHCHT H HCKOTOpOH flOCTOHHHOH BCJI11411Hbl -

cj)otta HCKOppen11poaa11HblX cosnanctt11i1 F + A 1expx 



x (-a1t) + A2exp(-a2r) + A 3exp(-a3t) (cpoH F, aMnJI.H­

Ty .LI.bl A 1, A 1, A 3 11 noKa.JaTen11 3KC0OHeHT <l1. a2, (l; 

HaXO.ll.IIJ111Ch MCTO.D.OM HaJIMCHhWl1X KBa,[J,paTOB) . .[(se 

3KCilOHCHTbl o-rpa)KaJOT nepcXO)J.HbIC nponeCCbl Ha 

Ha'fanbHOM :nane cna.ua IlJlOTHOCTl1 MrHOBCHHhIX 

HeHTPOHOB B PC. TpeThn cooTBeTcTBycr ocHOBHOH 

rapMOHHKC, T. e. ycTaHOBHBweMycn nponeccy cna.na 

(pHC. 4). 3a KOHCTaHTY Poccu-a npHHHMMOCh 3Ha'fe­

HHe Ha1160J1bUiero no Mo.nyrno noKa3aTCJ151 '.)KC0OHCH­

Thl. 
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Puc. 3. Cna.abI ITJIOTHOCTII MfHOBeHHLIX I-ICHTJ)OI-10B BO 

speMeHH, .HJMepeHHble MCTO.!lOM EP.HK, np11 pa3Jil1'-!Hb1X 

peaKTHBHOcrnx PC: l - p/P,<1i = - 2,17; 2 - p/p:,cj, = - 8,54 

0.1 

'1 
<J 

.::: 
0.01 

0 

f 0,001 

0 500 1000 1500 2000 25(10 3000 3500 4000 4500 

I , HC 

Puc. 4. Pa3JIO;>Kettue HJMepe1-11-1oro cna.aa nnorttocTH Mr1-10-

ae1-11-1b1x 1-1ei-i-rpo1-1os .!lJl.ll PC npu p/!3:,cj, = -0,99 1-1a 3Kcno-

1-1e1-1u.11artLHb1e rapMOHIIKl1: 1, 2 - «BblCWI1e» rapMOHIIKII 

cna.aa ITJIOTHOCTH MfHOBeHHb!X 1-1ei-i-rpo1-1oa; 3 - OCHOBHaJI 

rapMOHllKa cna.aa nJIOTHOCTH MfHOBeHHblX Heii-rpOHOB; 

4 - H3MepeHHb!H cna)J, [IJJQTHOCTH f.ffI-IOBeHHblX Heii-rpOI-108 

B Ta6n. 2 H Ha pHC. 5 npe.ncTaBJICHhl 3aBHCHMO­

CTH TT0CT051HHOH cna.n.a OCHOBHOH rapMOHl1KH nnoT­

HOCTl-1 MrHOBCHHblX HCHTPOHOB OT pcaKTl1BHOCTH Ct.= 

= /(p) .n.nR 11cc11c.n.osaHHOH B Hacrnnmci1 pa6oTe PC 
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113 
239Pu (98 % ) B 8-cpa.Je. JhrneifHan 3aBHCHMOCTb a. = 

= /(p) Il0JI)"l.CHa MCT0.ll.OM HaIIMCHbllHlX KBa.npaTOB. 

OTHOCl!TCJlbHM norpernHOCTb napaMCTPa a KaK 

cpe.nuero 31la'fCHl1JI no rrnTI1 curnarypaM cocrnsn51cT 

8a - 2 %. On.1CT11M. 'fTO a .ll.aHHOM cn)"l.ac BhmOnH51-

cTC51 coOTHowcH11e CHMMOHca - K1rnra [9] 

(6) 

0Tpa)l(aJOUJ,ee Jll1HCHHYI0 3aBJ1Cl1M0CTh peaKTl1BH0CTl1 

OT K0HCTaHTbl cna.ua Il.llOTH0CTl1 Ml'H0BCHHbIX HCH­

TpOH0B, lffO no.nrnep)l(,UaeT Ha,l].C)KH0CTh non~eHHhlX 

pe:iynbTaT0B. 

3KCTPano1rnnHdi <j)yHKUlm a= /(p) B TO'lKY p = 
= + 1 ~1 4, (COOTBCTCTBYIOUJ.YJO Kp11fH4CCK0MY C0CTO.H­

HHIO PC 6c3 y"lern 3ana3.nbrna10UJ.HX HCHTPOHOB) on­

pe.nencHo 3HaLlCHl1C .ll.CKpCMCHTa 3aryxaH11J1 OCl!OBHOH 

rapM0HIIKli cna.na llilOTII0CTH MrH0BCHHbIX HeHTPO­

HOB B KpHrn'feCK0M COCT0.RHIIH C Y<£CT0M 3ana'3.D.bl­

BalOUJ,HX HdiTPOHOB (T04Ka nepcce'fCHl1ll ¢YHKU1111 

Ct.= /(p) C OCbJO Op.ll.11HaT). 

BpCMJl )1(113Hl1 MrHOBCHHh!X HCHTPOHOB Bbl'fl1C­

J151J10Ch cornaCHO ( 1). 3cpcpcKTJ1BHa51 )J,QJI}I 1anaJ)J.hJ­

BaJOUJ,l1X HCHTPOHOB np11W1Ta paBHOtt P,q, = 0,00196 ± 
± 0,00003 (CM. BhllllC). 

3Ha<£eHl1JI .ll.CKpCMCHTOB 3aryx.aH11.R OCHOBHOH 

rapM0Hl1Kl1 cna.na IlJIOTHOCTl1 MrHOBeHHb!X HCHTPO­

H0B 0o B Kp11TM'fCCKOM C )"l.CTOM 3ana'3)),hlB8JOUJ,11X 

HeHTPOHOB cocTOJ1H1111 PC nony'fcHbl npH noMOUHI 

MCT0.na HallMCHbWl1X KBa.npaTOB 113 aHan113a J111HCH­

Hb!X 3aBHCHMOCTCH a= /(p) (CM. rn6n. 2, pttc. 5): 

- )J.Jl.H «ronott» PC 113 
239Pu (98 % ) CXo = (0,573 ± 

± 0 ,012) MKC-
1
, I= (3,42 ± 0,08) HC; P,<Ji = 0,00196 ± 

± 0.00003; 

- ,lJ,JlH TOH )Ke c6opK11 C Y4CTOM .naHHhlX no BJIH}I­

Hl1!0 ,ll.0flOJlHl1TenbHblX )leTaJlCH KpenneH1151 0o = 
= (0,574 ± 0,012) MKC-

1
, / = (3,42 ± 0 ,08) HC. 

Ba)l(HQ OTMCTl1Tb, L(T0 HaJJH'fHe )JlCMCHTOB Kpcn­

JlCHl151 PC Ha CTCH.ll.C <DKEH-2M (KoHcpopKa 11 .n.11a­

cpparMa) B npe.ncnax norpCUIH0CTll 113MCpeHHH HC 

113MCH5IIOT 3Ha4CHl1e <XQ. rlo:noMy npttBe.D.CHHhlC 

B rn6n. l (A. E, B) ,!WHHbJC o KpHrn'-lecKoi1 ccpeptt'fe­

cKoil Mo.nenu PC (.nanee KC-1) MOrYT 6bITh 11cnonh-

30BaHbl )J.Jl51 paC'fCTHOro aHantt3a pC3YJibTaTOB 113MC­

pe111151 Kl1HCTH4eCKl1X xapaKTepHCTHK c6opoK, nony­

'fCHHblX B llaCTOHUJeH pa60TC. 



Ta6n11ua 2 

3aBl1CllMOCTb IlOCTOHHHOH cna.D,a MrHOBCHHbIX HCIITpOHOB OT pcaKTliBIIOCTH 

oHL. 0,99 1,98 2.17 3,15 4.01 4.10 5,22 6,13 
CX, MKC-I 1,147 1,661 1.761 2,381 2,770 2,882 3,509 3,968 
o/B .... 6,30 8,28 8,54 0,64 1,37 2,61* 4,35 
CX, MKC-I 4,049 5,208 5.319 0,936 1,312 2,062* 2,985 

fl p 11 Me 'I a H 11 e. )1{11pHblM lllpllCjnoM Bbl,lleneHbl 3H3l[effiUI .llJUI PC C .11onOJIH1tTenbJ-1blMl1 onopaM11; * - C AOIIOJIHII­
TeJ!bHblMH onopaMJI H ,llllacppantoit. 

~ 

-2 0 2 4 

PeaKTHBHOCTb, -p/~:,,p 
6 8 10 

P11c. 5. 3aBHCHMOCTl1 nOCTOHHHOH. cua,11a MrHOBeHHblX HeH.rpOHOB OT peaKTHBHOCTH .llJIH PC: * - 113MepeHIDI co ll/T8THblM 
KpennefrneM PC Ha cTeHJle cJ)K£H-2M; ■ - 11JMepe1-1IUl Ha PC c .n.onon1-111TeJ1bHbJM11 Ko1-1cpopKa11m; □ - 11JMepe1-1ID1 1-1a PC 

C .n.ononHHTenbHblMH KOH!pOpKaMI! H .n.wacjlparMOH 

CpaBHeHHe pe3yJibT3T0B ll3Mepeuuii KHHeTHlJeCKHX xapa1nepHCTHK JlJISI «roJibJX» PC 

HJ 
239Pu B 6-ct>aJe: KC-1 P<l>HU,-BHHH3<1> (PoccuH) H Jezebel LANL(CllA) 

Tiony'!CHHb!e B H8CTO»ll.leH pa6oTe 3HaLJeHIUI Kl1HCTl14CCKl1X napaMeTPOB (~1<1>, <lo, To) .wrn «ronoi1» c6opK11 
OJ9 

113 -· Pu (98 %) B 8-cpa3e npe.n.crnnn»erc» 11HrepcCHbJM cpaBHHTb c pe3ynhTaTaM11, nony4e1-1Hb1M11 no BHHH3<D 
paHee .!I.JI» :nofi c6opK11 C 11CilOJlh30BaHl1CM .!1.pyn1x MCTO.ll,OB 113MepeHl1H, a TaIOKe C .ll,8HllblMl1 .!I.JI» c6opK11 

Jezebel (LANL, CillA) [4]. 6n113KOH no cocrany 11 re0Mcrpm1 K 11ccne.D,yeMoi1. TaK11e .D,aHHb1e npe.n.crannc1-1b1 
B rn6n. 3. 

Ta6n11ua 3 

:139 
3HaLJCHIUI ~,<j,, <1-0, To .ll,JI» «roJib!X» Kp11TH4CCKl1X c6opoK 113 Pu B 8-<p83e 

CocTas -I 
CXQ. MKC To, HC B,m MeTo.1111JMepemU1 

239Pu (98 %) 
0,573 ± 0,012 3.42 ± 0.09 

0,00196 ± 5PI1K 
0.57 ± 0,01 3.44 ± 0,09 Pocc11-a (BHl1113¢) 
0.58 + 0,02 3.38 ± 0.12 

± 0,00003 
.MeTO.ll HMTTYilbCHOro HCTO'lHHKa 

!
39Pu (95,5 lk ) 0,66 3.48 

0,0023 
Pocc11-a (s noMellleH1111) 

(LANL) [4] 0.65 3.54 Poccu-a (BHe HOMell.{eHWI) 
mpu (95,5 %) 0,66 2.94 

0,00194 
Pocc11-a (s noMell.{eH111-1) 

(LANL) f5] 0,65 2.98 Pocc11-a (sHe n0Mel1.le1-1ID1) 
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lb rn6n. 3 BH.ll.HO, '-ITO pe3yJihTaTbt 113MepcH11H 

Ka)l(.ll,OfO 113 Kl1HeTl1'-ICCKl1X napaMCTJ)OB .ll.Jl.R c6opKH 

113 
239Pu B 8-cpa3c, no11yqc11Hb1e BO BHI1I13<D c HC­

noJib30BaH11eM pa:3JIH'-.IHbIX MeTO;J.HK, B npe.nenax no­

rpewHOCTM COBna.nalOT MCJK)}.y co6oH. 3Ha'-ICHII.R acex 

napaMeTpoa ((3J<jl, °<J, To) B pa6oTe [4], a TaK)l(e ( °<J 
11 To) a pa6oTe [5] .nn.R «ronoii» nnyrottHeBOH c6opKn 

Jezebe l (LANL) cyll{eCTBCHHO (B H{'CKOJlbKO pa3 

60JlbWC 3a.s!l:IJ1CHHbIX norpewHOCTCH 113MepCH11H) OT­

Jil1'-IalOTC.s! OT COOTBeTCTBYIOll.(11X 3HU'-ICHH!1 .UAA aHa­

JIOfH'-!HOH. c6opK11 113 
239Pu a 8-cpa3e BHI U13<D KC-1. 

3ttaYeHHe (33<l> a pa6oTe [5] npaKTH'-IeCKH coana.naeT 

C H8Wl1MH .U8HHhIMl1. 

ITpoKOMMCHTHpycM npc.ncrnaneHHbie a n6n. 3 
pe3yJlbTaTbl. 

C6opKa Jezebel 0Tm1qacTc.si OT 113riaeMott a .natt­

HOH pa6oTe KC-1 113 
239Pu (98 %) a /5-cpaJe HCCKOJihKO 

MeHbWl1M pa3MepOM l\CHTJ)aJlbHOH. 00JI0CTl1, MeHb­

lllHM BHeWIIHM ,D.118MeTJ)OM, MCHblllHM C0.J.Cp>KaHUCM 

HYKJIJ1,D.a 
239Pu Ii MeHbllIHM KOJIH'-ICCTBOM nernpyio­

ll.(HX .no6aaoK (B '-I8CTHOCTH, ranmrn). ITo:noMy 3Ha­

YeHJ1.s! KHHeTH'-ICCKHX napaMCTJ)OB ((3,.p, °'<l, To) .nm1 

Jezebe l (LANL), aoo61Ue roaopsi, Moryr ornH'-I8TbC.R 

OT COOTBeTCTBYJOll.(11X 3Ha'-!eHHtt .llJUI KC-1. O.nHaKO 

Halli 00blT 11ccne.noaaHHH .si.nepHO-<pl13H4CCKHX xa­

paKTCpHCTHK pa3Jil1'-!Hh!X KpllTH'-leCKHX c6opoK 113 
239p 

ll CBH,ZleTeJlbCTBYCT, '-ITO YKa3aHH0e pa3JIIl'Jl1e He 

.nom1rno 6h!Tb 3HU'-IHTeJlbHblM. TaK, npOB0,D.IIMbfe 

pac'-!CTbl 00Ka33Jll1, '-ITO yaeJIJ14CHHC o6orall.(emrn no 

1130Tony 
139Pu Ha l % npHB0.UHT K n0BblWCHHIO 3Ha­

'ICHIUI °<) Ta!OKC npltMCpHO Ha l %. 
Mb1 C'-IHTaCM, YTO npHBC.lJ.CHHhie B pa6oTe [4] 

3Ha•1CHHS! 13,<jl, °<}, Tu. a TaK)KC 31Ia'lCHl1.!I °<) H To B pa-

6oTe [SJ .nn.si Jezebel (LANL) HMCIOT 3Ha'l11TeJibHh1c 

Cl1CTeM8Tl1'1CCKl1C norpeWH0CTII. Tip11 :>TOM YKa3aH­

Hhle norpeUIH0CTH .nonyll.(CHbl B nepBH'lHOH pa60TC 

14J, a B 6oncc 003,D.lleH pa6oTC [5] HC00Jib3yeTC.R 3a­

ID.ICTB0B8HHOe H3 Hee 3aBbIWCHH0C 3HalJel!He °<). 

BcJie.llCTBHe :noro (npH npHH.s!T0M npaBHJlbHOM 3Ha­

'!CHJ111 p)<j, = 0,00194) npHse.neHH0C B [5] 3Ha'ICHHe 

To, C00TBCTCTBeHl!0, 51.BJISICTCS! 38H!1)1(eHllblM. 

HH)l(C Ha OCH0BUHHH airnmna 3KCnCpHMCHTOB 

6y.neT YKaJaHa B03MO)KHa.s! ow116Ka B HHTCpnpCTal..l,1111 

pe3yJihTaTOB H3MCpCHlltt, np11Benwasi K HCBCpHblM 

3Ha'leHH.s!M acex KHHeTJllJeCKl1X napaMCTPOB .nm, 

c6opKH Jezebel a pa6oTe [4] u, qacrnlfHO, a pa6oTe 

f 5]. Tiptt a11an113c 6y.neM HCX0.ll,J!Tb 113 cne.nyIOll.(HX 

6cccnopHhJX nocTynaToa: 

l. Kp11Tep11CM npaBHJlhH0CTJ,f nonyt.JaCMb!X pc-

3YJlhTaTOB B paccMaTp11BaeMblX )KCnepHMCHTaX cny­

)KHT BblnOJIHeHHC C00THOWCllllSI C 11MMOHCa - K1rnra 

(6) .llJl.R noKa3aTCAA 0CHOBHOtt rapMOHl1KH cna.na 

IlJI0TH0CTl1 noTOKa HCHTpOHOB yre•11m 113 pa3MIIO-

10 

)Ka1ome11 c6opK11, T. e. u. = j(p) .sian.sieTc.si mmei1Hoi1 

cpy11K1..1,Hefi. Tip11 :>TOM a = Clo np11 p = 0. a TalOKe a= 0 
npH p = P,<1>· TaKHM o6pa30M, q>yHKI.Vrn a = /(p) 

.D.OJI:>KHa nepeceKaTb OCb Op.D.HH8T B TO'IKC Clo, a OCb 

a6Cl.l11CC - B T0'!Ke p = I p)(j,• 3TO n0)lTBCp)KJlCHO 

MHOfO'IHCneHHblMH )KCnepHMeHTaJ\UI. 

2. B pa60TC [4] a 113MCp51CTC.s! B no.nKplIT11'lCCKHX 

0Tib!Ta'{. TTpu 3TOM 113MCpeHltC peaKTHBH0CTH npOI13-

BO.Ul!TC.s! .llJUI PC. B KOTOpofi conep:>KHTCS!. pa3H0e K0-

JIH'ICCTB0 BKJI8,D.blilleH MaJIOH M8CCbl 113 nnyrottllil. 

8 :>TOM cnyqae peaKTl1BH0CTb J\!O)KeT HJ~IepSITbC51 

B 0THOCHTCJibHblX e.n111-11111ax: no OCH a6cr~ucc YKa3bl­

BaeTC.s! q11cno y.naneHHblX 113 PC BKJ18.1J,b1wcii. 11 3aBH­

CHM0CTb U = j ('-111CJIO BKJ18,J.blUJei1) .RBJI.!leTCJI m!Hett­

lIOH. O.nHaKO ,ZlJIH «KOHet.JHOII» l1HTCpnpcrau,1rn onbl­

T0B Hano HMCTb Kan116pOBKY 0THOCllTCJlbHO(r e.ll,HHH­

l\bl peaKTl1BHOCTJ1 (BKJ13.J,blill HJ nnyromrn) B e.n.111-111-

1..1,ax P,rJ>· )J,m, c6opKH Jezebel ·no npmnao.n11nocb ny­

TeM HJMcpcmrn nep110.na paJroHa PC a H8,.'lKpHTH'IC­

cKoi1 o6nacrn HJMeHemui peah."THBHOCTII [5]. lb r-pa­

cp11Ka 3 pa60Th1 [5] cnenyeT, t.JTO ynanem,c m PC 

Jezebel 0JJ.Horo sKJia.UbIWa 113 nnyro1111.si yMeHbwaeT 

peaKTHBH0CTh Ha Lip= 0,225P1~, -

3. Bcne.ncrn11e n111-1efiHoro xapaKTepa qiyHKu,1111 

a = j(p) 3Ha•1eH11e Clo M0)KHO onpc.ncmJTb 8 rno6oM 

HHTepBane ee 113MeHeHH.s! B no.nKp11Tl1'-ICCKOH o6nac­

Tl1: Clo = Liollip. I1p11 o6pa60TKC pe3ynhTaTOB 00blTOB 

M0)KJIO He OTC'll1TbIB8Th 3H3'1CHHe peaKTHBHOCTH 

B H3Mep»eMblX T0'!Kax 0TH0CHTeJibHO p = 0, T. e. HC 

q>IIKC11p088Tb Ha rpaq>MKC llOJIO)KCHHe OCH op,u1111aT. 

Ta6n11ua 4 

3aBl1Cl1MOCTb OOCTO.s!HHOII cna.na MTHOBCHHblX 

HettTJ)OIIOB OT 411CJia 113BJIC'leHHblX BKJ18)lb!WeH 

.nn.si Jezebel 

411cno 11Jene,1eH- a, MKC-l 
llb!X BKJia,!lbIWett 

I 0.786 0.787 
2 0.910 0,914 
3 1.031 1.037 
4 1. 170 l, 183 
5 1,291 1.317 
6 1.416 1.425 
7 1,550 1,562 
8 1,680 1,680 

Ha p11c. 6 ( CM. p11c. 6 pa60Tbl [ 4]) npHBCJleHa 

3KCnCp11MCHTaJlbH8.s! 3aBl1CHJ\!0CTb cpy11KU,l1!1 a = f(p) 
JlJIH Jezebel. vlcnOJib3Y51 3Ty 3aBI1Cl1M0CTb 11 3Ha4C­

HH.s! a, np11BC)lCHHbIC 8 rn6n11uc Ha p11c. 5 TOH )KC pa-

60Tbl ( Cl\,!. Ta6n. 4 ). onpc.nC.'lllM 3H8°ICHIIC CJ.o B HIITCp­

BaJlC TOl(CK H3MCpCH1UI 2-7 (y.na;1e11ue 5 BKJla.llb!­

UICH): Lia= (1.556 - 0.912) = 0.644 l hrKc. CoorncT-



CTB)'l-Oll(Ce 113MC!leHl1C peaKTliBHOCTH PC COCTaBnJleT 

t:i.p = 0,225 P1ct> x 5(aKJ1a,D,b1We11) = 1.125 P1<1>· TaK11M 

o6pa30M, onpe.uenettHoe ttaMH no JKcncp11MeHTanb­

HbIM .uaHHblM pa60Thl [ 4] H B03r.tyiueH11eM peaKT11B­

H0CTl1 c6opKH Jezebel 0)].HIIM BKna.nhtillCM [ 5] 3Ha'-!e­

Hl1e K0HCTaHTbl Pocc11-a .n.nH KpHTl1'-ICCK0ro C()CTOJI · 

HHS! C }"ieT0M 3,ma3,D,blB3JOll(l1X HeihpOHOB 6y.n.cT 

panHo: °<> = t:i.a/t:i.p = -0.575· 10-{, 1/c. no uaUieMy 

MHemno. 3T0 npaa11nbHOe 3Ha'-!CHl1C. 

Ecn11 3KCTpanom1poaaTb Ha puc. 6 ::>Kcnep11MeH­

TanhHy10 3aBHCHM0Cfb a = J(p) )].0 nepcce'-!CHl1H 

C 0CblO op.n.1rnaT (Och - a), TO nony4HM 3HU'-!eH11e 

<l-0 = 0,66-10--Q lie. Tipo.n.omKaJl JKCTpanon11poaaTb a= 
= f(p) .uo ncpcCC4CHIUI C 0CblO a6cu.11cc (a = 0), no­

ny<JMM, 'HO 0TpC30K t:i.p OT HaYana KOOp,D,11HaT .uo ne­

pece4CHI-UI. cc npHMOH a = / (p) C0CTaBHT 5 .25 BKJ1a-

)lb!WCM HnI! t:i.p (5,25 BKJ13.llhlWCtt) = 0,225PJ<t> x 5,25 = 

= 1,17 P,,p. 3TOro He M0)KCT 6hlTb, TaK KaI< no onpe­

.ncncH1110 pa3I-ll!U.a B 3Ha'-!eIUIII pcaKTIIBH0CTl1 MC>K.D.Y 

Kp11T11'-!CCKHM cocT0HHHCM PC c Y'ICTOM JanaJ.D.bJ­

aat0lllHX He11TpOHOB 11 6e3 HX Y'JCTa t:i.p = l P,ct>· 3ToT 

cjJaKT CBli.UeTenbCTBYCT O TOt,(, '-!TO Ha p11c. 6 B pa6oTe 

[41 lllKana a6cu11cc B e.ummuax ~ , <1> HBnHeTCH HCKa­

JKeHHOH. l1cKa)l(CHHe 3aKnlO•-IaeTC.R B TOM, 'ITO Hat.Jano 

K00p,D,11HaT (TO'-!Ka nepecelJeHJUJ OCH op.n.111iaT J1 OCH 

a6cu11cc) I-la rpaqrnKe 3aBHCl1MOCTl1 a= J(p) HC C0OT­

BeTCTBYCT KpHTHlJCCK0MY ( C Yt.JeTOM JanaJ,llhJBaJOll(l1X 

HCi1TpoHon) cocT0JIHll!O c6opKH Jezebel np11 ycnoa11-

>1x. 11MCIOll(11X MCCT0 BO BpeMJI 113MepcHHH cna.n.a 

nnOTH0CTl1 MJ'H0BeHHhlX HeMTpOIIOB yTelJKJ1 113 aK­

TJIBHOH 30Hbl. 

a. lie 1.7· I 0-6 .------,----,---'T"'"'"-------,----,--~--,---,--....,....-....,....--,---, 1, 7· I 0-6 
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-
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OTK.JTOHCHIIC OT Kpl!Tli ' IH0 CTH. Bb1paiKC11liOC 1-mcnoM ynaneH bJx/,1106asne1111bJX BKJ1anbHDeii 

Peal\"THBHOCTb ~><j, o 

Puc. 6. 3aBHCIIJ\IOCTH nOCTO/IIIHOtt cna.aa MI'HOBeHHblX HeihpOHOB 

OT peai-'THBHOCTII :.in11 PC Jezebel [4] 
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B npe,nb1.n.yw.e11 cppa.Je oco6o no.n.'-lcpKHCM yno­

MI1ttam1e 06 ycJIOBWIX. B pa60Te [4J HC y'Ka33HO, Ka­

KMM cnoco6oM 11 C KaKOH TO'-IHOCTb!O no.n.611panacb 

Kp11TH'!CCK3JI rCOMCTpHR c6opKU. 3aMeTMM, '-!TO no­

.n.o6paTb TOlfHO Kp11T11'-!eCKYJO re0Me-rp1110 PC BeCbMa 

He npocTO. oco6ettHO JJ,JIR PC 113 nJIYT0HJ1jj (caMotta­

rpeB A3, tte11-rpoHHb111 cpou, tteno1nopReMocTb rco­

Me-rp1111 A3 np11 cc nepc6opKe 11 .n.p.). <PaKTl1'-ICCKII 

Kp11Tl1lfCCKl1C napaMe-rpbI PC MOrYT 6hITb onpe.n.ene­

HbI TOJlbKO OYTCM 3KC-rpanonmi:1111 (11JI11 HHTcpnOJijj-

1.um) 3Ha'-!eHl1H, nOJIYlfCHHbIX B TIO.D.KPllTli'!eCKHX 

(11JJ11 HaJ.J,KpHTHtJeCK11X) 3KCnep11MCHTaX. Oco6eHHO 

TPYJ.J.HO 6bIJIO CJ.1,CJiaTb 3TO 6onee nonyBCKa Ha3.:IJ.I,, 

Kor.n.a cTeneHb no.n.Kp11rutJ11ocrn PC Morna onpe.n.e­

JljjTbC.Sl TOJJbKO no 3HatJeHH!O K03cpcj)HI.HICHTa YMHO­

)KeHl1H tte11-rpoHOB B PC. 

Mm1rno npc.unonO)KHTb, <ffo s Ha'-!anc 3Kcnep11-

MCHTOB (.n.o Y.llaJICHlUl 113 aKTIIBHOH 30Hbl nJJYTOHl!e­

BbIX BKJJa,llbIWei1) C TIOMOII.(blO pcryn11py1oll.(ero 

CTCp)KH.Sl 6hJJJO no.n.o6paHO KpHrntJeCKOC COCTOHHHe 

c6opK11 C BblCOKOH TO'-IHOCTb!O. O.uttaKO npouc.uypa 

no.n.6opa Kp11T11'-!Hocn1 PC cpaBHMTeJJbHO .u11ttaM11tJ­

tta, 11 TCMnepaTypa aKTHBHOH 30Hbl, o6ycJJOBJJeHHaJI 

CaMOHarpeBOM nJJYTOHHH, MOrJJa 6b!Tb HepaBHOBCC­

HOH (KaK no o6beMy A3, TaK 11 no OTHOIJJCHl1!0 

K KOMHaTHOH TCMncparype). l13MCpeHIDI napaMe-rpa a 
33HHMalOT MHOro speMeH11. B TCtJett11c 3TOrO speMe­

HH MO)KCT ycTaHOBHTbCJI paBHOBCCHaH TeMnepaTypa 

c6opK11. TTpH )TOM OHa MO)KeT 6b!Tb Bb!Ille TOH, KOTO­

PY!O IIMCJJa no.n.o6pattttaM pa11cc KpHTHtJCCKan c6opKa. 

TaK KaK c6opKa Jezebel HMCCT OTPHUaTCJJbHLitt K0-

3cpqmu1-1e~n peaKTHBHOCTH, TO 3Ha'-leHHC TIO.D.Kpl!TH'-1-

HOCTH ,llJJH KaJ:K,llOfO BapHaHTa c6opKH (paJJJH'-!a!O­

ll.(!1XCH KOJJH'-ICCTBOM TIJIYTOHHCBbIX BKJia.D.blllJCtt 

B A3) ,ll0Jl)KH0 6bITb 60JibllJC TOro, KOTOpoc 6hJJJO 

oueHeHO Ha OCHOB3H1111 KpHTH'-!CCKOro 3KCnepHMeH­

Ta. CornacHO npHBe,llCHHblM BblllJC ,llaHHblM, Ha pHc. 6 

[4] .n.om1<11a 6hITb BBe.n.etta nonpaBKa, CBOJ.J,HIUaRCH 

K nepettocy Ha'-!ana Koop.n.11ttaT no ocH a6cu11cc Bnpa­

so Ha llp = 0, 17 ~ )<j)• 

TaKHM o6pa30M. noJJytJeHHbJe B pa6oTC [41 3Ha­

'-ICHJ1jj Cl{) = 0,66· J0-6 1/c 11 ~l<l> = 0 ,0023 HBJJJl!OTCH 

OllJl!60tJHblMl1. 3aMCTHM, '-!TO 8 6onee n03J.1,HCi1 pa6o­

Te [5'1 YKa3aHHOC BblllJC IICKa)KeHJ1C MaCllJTa6a OCH 

a6cu11cc OTMC'-ICHO, 3Ha'-!eHHe ~ J<j) 113MCHeHo (3TO 3Ha­

t.JeHHC np11HJ1TO ~-<I> = 0 ,00194). 0.n.HaKO OllJH60'IHOC 

3Ha'ICill1C Cl{) = 0,66-10-6 1/c HC H3MCHCHO. TToJTOMY 

B pa6oTC [ 5] nony'-!eHO OllJH60t.JHOC 3H3'4CHHe To = 
= 0,0019/0,66· 10-6 = 0,29· l 0-

8 
C. 

B .D.aJJbHCHllJHX MHOfO'-IHCJJCHllblX ny61111Kau1rnx 

aMcp11KallCKIIX aBTOpOB J.J,Jrn KpHTJ1LICCKOH c6opK11 113 
239

Pu Jezebel np11BOJ.1.HTCH :nu ow1160'-!Hb1e 3Ha'-!CHHJI 

Kl111CTl1'-ICCKHX xapaKTCpllCTHK. 

12 

TTpHHHMa.Sl BO BHHMaHHC BblllJCH:rno)KeHHOC, 

npaBHJJbllaJI 11HTepnpcrnuHR 113MepeHHH pa60Tbl [4] 

MO)KeT 6b!Tb c11e.uy101.ue?i: 

1. l13Mepemrn a = f(p), J.l,JIJI BCCX sap1rnHTOB co­

CTaBa A3, pa.Jn11'1aJOI.Ul1XCH KOJJH'leCTBOM yJ.J.aJJCHHbJX 

113 Hee BKJJa,llbllllett, BbLnOJIHeHbI npaBl1JlbHO: co6JJ!O­

.n.aCTCJI IDllleHHOCTb Hccnc.nycMOH 3aBl1Cl1MOCTl1. 3TO 

CBM,neTCnbCTBYCT O TOM, L!TO_BO apeMJI 113MepeHHH 

TeMneparypa A3 6bIJJa paBHOBeCHOH 11 peaKTl1BHOCTb 

c6opK11 onpc.ncnn11acb TOJJbKO KOJIHtJCCTBOM BKJJU­

.D.b!Wett a A3 11 TIOBTOpHeMOCTb!O reoMe-rpHH ee 6no­

KOB. IToJTOMY 3Ha'-ICUJ1e Cl-0 = l1a/l1p = 0 ,575· 10-6 1/c 

HC co.ncp)KHT CHCTeMaTH'-!eCKOH norpelllUOCTH. 

2. 113 pe3ynbTaTOB H3MepCHHH pa60Tbl [4] npa­

B11JlbHble 3Ha'-!emrn Kl1HeTl1'1CCKl1X napaMeTPOB MO)l(­

HO IJOJJY'-111Tb OYTCM JKCTpanOJijjlJ.1111 3KCnepHMeH­

TaJJbHOH 3aBHCl1MOCTl1 U = f(p) J.1,0 nepecetJCHHH 

C OCblO op.n.nHaT (,nJJH Cl-0) 11 J.1,0 n cpece'leHHJI C OCb!O 

a6cu11cc (J.J.Jljj ~,4>), ecn11 1-1a p11c. 6 [ 4] ocb op.u1rnaT 

CMCCTHTb snpaeo Ha 0, 17 ~~<I>· 3TO npOJ.J,CMOHCTJ)Hpo­

BaHO Ha HalJJCM p11c. 6 . 

0TMCTHM, t.JTO np11 11cnpaBJieHHl1 OllJll60K, J.1,0-

nymeHHbIX s pa6oTe [ 4], 3Ha'leHJ1jj K11HeT11YccK11x 

napaMe-rpos J.J,nJJ Jezebel (LANL, CWA) 6y.n.YT s 

npe.n.enax norpellIHOCTH H3MepeHHH COBna.n.aTb co 

JHa'-!eHIDlMH TaKOBbIX J.J.Jljj KC-1 113 
239

Pu (BHTII13¢. 

Pocc1rn). 

3aKJIIO'ICHHe 

l . IT011yYeHHble 3KCnep11MeHTaJJbHblC J.l,8HHblC 

pacw11pn10T nepc'-!eHb TCCTOBbIX (benchmark) napa­

MCTJ>OB J.I.Jljj Kp11TH'!eCKOH c6opKH 113 
239

Pu (98 % ) 
B o-cpa.Je, npe.n.crnsnetttto11 a Me)KJ.l.yttapoJ.J.HOM cnpa­

BOLIH11Ke [ 11. B J.J,OnOJIHCHHe K Kp11TI14eCKl1M napa­

MCTpaM ,llJIJI JTOH c6opK11 onpc.ueJJeHbl TaIOKe 3HatJe­

HHJI KHHeTH'IeCKHX napaMCTPOB: KOHCTaHTbl pa3MHO­

)KeHHH HeHTpOHOB °<>, apeMCHH )KH3Hl1 MrHOBeHHblX 

HCHTPOHOB To, 3q.Jq.JCKTl1B1-!011 J.1,0JJl1 3at133J.1,b1Ba!OI.U11X 

HCHTpOHOB ~ J<I>• 
,Unn «ro11011» (6e3 o-rpa)KaTCJljj) KpHrn'-!eCKOH 

c6opK11113 
239

Pu(98 %) B o-qla1C ([ l], V.lc, PU-MET­

FAST-022) 3TH napaMCTJ)hI 11Met0T cne.n.yt011.(11e 3Ha­

'-ICHIIH: 

°<) = (0,573 ± 0 ,012) MKC-I ; To= (3,32 ± 0 ,08) HC; 

~ J(j) = 0,00196 ± 0,00003. 

HOBblC J.J,aHHbl C ,lla!OT B03M0)KHOCTb nOBblCHTb 

Ka'-leCTBO TCCT11posamUJ HcihpOHHblX KOHCTaHT. 

2. CpaBHCHHC 3Ha'-!eHHH KHHCTH'lCCKl1X napaMCT­

pos J.J.JJH «ronoi'i» c6opKH 113
239

Pu B o-cpa3c, 113MCpcu­

HbIX B pocc1111cK11x (P¢5IIJ.-BH11I13Cl>) 11 aMep11KaH­

CKHX (LANL) 11cc11c.n.osatt11nx. noKaJano: 



- 3HaY:CHHJ:i, nonyttcHHhIC BO BH11113<!> c 11c­
nonb30BaH11cM pa3Jil1'!HOtt 113MCpliTCJibHOl1 annapa­
T)'pbl , co1ma.ua10T MC)K)l.y co6oi1 B npe11e-nax norpcrn-
11ocn1 113Mepett11tt; 

- aMcp111rnHcK11e JlaHHbIC 06 ao u r 0, rrpe.ncraa­
neHttbie B pa6ornx l4, 5], cyll.(CCTBCHHO OTJIH'--!alOTCJ'I 
OT pocc11flcrnx (paCXO)K,ll.ClillC - 15 % np11 3afil3JICH­
HOl1 norpeuIH0CTI1 113MCpCHHH - 2 % ); 

- Harne 3Ha4em,e 13)<1> npaKTM4CCKM coBna.naeT 
C ..naHHblMII pa6on,1 [5] 11 3Ha'-1IlTCJibH0 pa3JIJ:lfaCTCJ'I 
C OWJ1604HO ap!HU!TblM Bf 4]. 

3. Attanl1 j H3MCpCHHH Kl1HCTH'!CCKl1X xapaKTepu­
CTl1K roJjJ c6opK11 Jezebel (LANL) BblliBHn B03M0)K­
ttyJO np114HHY Cl1CTCMaT!l4CCKl1X norpewHOCTCH, K0-
TOpbIC M0rnl1 11MCTh MCCT0 B :)KCnepttMeHTaX B pa6o­
Te [ 4]: Ha rpaqmKe 3aBttc111110CTH a = f(p ), 11cnonb-
3yeMoi1 w1,:i onpc.nencmrn 3Ha,1eH11J:i ao, wKana a6c­
u,11cc B C,lU1H11U,aX 13,<j> J'IBJIJ'ICTCJ'I 11CKa)KCHHOH. 11cKa­
)KCHl1e 3aKm0Y:aCTCJ'I B TOM, 4TO HaY:aJJ0 K00p,ll.11HaT 
(TO'-lt<a nepcce'-ICHl1J'I OCH op,nmiaT C 0ChlO a6cu,11cc) 
He C0OTBCTCTByeT KpHTJl'ICCKOMY (c Y'-ICT0M 3ana3,ll.bl-
13al0ll.(HX HCHTpOHOB) cocT0J:iH11t0 c6opK11 Jezebel npH 
ycnos1rnx (TcMnepaTypa 1-1 re0Me-rp11,:i PC), 11Mc1omnx 
MCCT0 BO BpCMJ'I J13MCpeH11ii cna.na nnOTH0CTll MrH0-
BeHHhIX HeHrpOHOB yTC'-IKl1 113 aKTUBHOH 30Hhl. 
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YP ABHEHIUI KHHETHKll PEAKTOPA 
H EYCTEPA B TEPMHHAX HHTEHCHBHOCTH ,l(EJIEHHJ) 

B. X. Xopy~uit 

<l>fYTI «P<l>5lU-BHMI13<l>», 607188, r. Capoa HmKeropo,ncKOH o6n. 

Ilpuae.neH BblBO.!l .nmpq>epeHUl1aJlbHhlX ypastteHHH TO'le'-IHOM Kl1HeTHKl1 peaKTopa Hflll 6ycTepa npu H3J1H'HIH BHeW­
Hero HCTO'-IHJiKa no OTHOWeHmO K pa.3MHO)Ka!Or.uei1 HeirrpOHbl CliCTeMe. 

KJJIO'leBble CJJOea: peaKTOp, 6ycTep, aI( fliBHa.JI 3OHa. BHeWH11H 11CTO'-IIIHK, TO'-le'!Ha.JI Kl1Hen1Ka. 

EQUATIONS OF REACTOR AND BOOSTER POINT KINETICS IN TERMS OF FISSION INTENSITY I 
V. Kh. KHORUZHY II There is presented a derivation o f differential point kinetics equations for reactor or booster at the 
availability of external source as related to a neutron multiplying system. 

Key words: reactor, booster, core, external source, point kinetics. 

TipH 3HaJIH3e noae,neHIUI peaKTOpa C BHeWHHM 

HCTO'!HHKOM HJIH np11 pac'!eTaX 6ycTepa, B KOTOpOM 

HMTTYJibC ,neneHHH HHHU11HpyeTC51 HMTTYJibCHblM 

BHelllHHM HCTO'!HHKOM, Ba)KHeHlllHMH BeJIH'lHH3MH, 

npe,nCTaBJ151l0tUHMH npaKTH'!eCKHH HHTepec, 51Bm!IOT­

CH HIITeHCl1BHOCTb (CKOpOCTh) ,neJieHHH 11 nOJIHOe 

'!Hcno .neneH11i1 3a HMnyn1:,c. Tio:noM)' ypaBHCHIUI 

KHHeTl1KH pa3MHO)l(a1omdi. HeHTpOHhl CHCTeMhl 

,UOJI)l(Hbl 6hITb 3an11caHbJ B COOTBeTCTBYIOI.UHX Tep­

M11Hax. Cne,nyeT OTMeTHTb, '!TO npHpo.na BHelllHCfO 

HCTO'lHHKa MO)l(eT 6h1Tb pa3Jll1"4HOH. 3TO MOryT 6bITb 

HCH'fPOHbl, y-KBaHTbl 11JIH 3JieKrpOHbJ JIHHCHHOrO HM­

nynhCHOfO ycKopttTeml [1]. Pe3yn1:,TaT ,neHCTBIUI HC­

TOlfHHKa 33KJII043CTC51 B TOM, '!TO OH C onpe,neneHHOH 

CKOpocTblO 11H11u1mpyeT B pa3MHO)Ka!OtUeH HeHTPO­

HhI CHCTeMe ,non0JIHl1TeJibHblC .nenCHl151. lfro61:,1 pa30-

6paTbC51, KaK )Ta o6ycnOBJICHHa51 ,UCHCTBHeM 11CTOY­

Hl1Ka CKOp0CTb .neneHI1H BX0,UHT B ypaBHeHl151 KHHe­

THKH, 33IlHC3HHb!e B TepM11H3X IlOJIHOH CK0p0CTH .ne­

neHHH B pa3MH0)1(3l0tUCH HCH'fPOHbl CHCTeMe, pac­

CM0TpHM B H3CTOHtUeH pa6oTe BblBO,U ypaBHCHHH T0-

1.fel!HOH KHHeTHKH peaKTOpa HJIH 6ycTepa 113 nepB114-

HblX np11HU11TT0B. 

Ey,neM 11CX0,UHTb 113 Ha116onee o6UJero ypaBHC­

HHH uenHOH pcaKUHH ,UJ151 pa3MH0)1(3IOUJe» He»rpOHbl 

CHCTeMhl 
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I 

p(r.t) = f dt'f dr'g (r,t,r',t')p(r',r') +q(r,r). (l) 

3,necb p ( r. t) - npOC'fPaHCTBeHH0-BpeMeHH351 IlJIOT­

HOCTb .UCJICHHH B aKTHBHOH 30HC (A3) B T04Ke r B 

MOMeHT speMeIDI. , ; g (r,t,r',t') - npocrpa.HCTBeHHO­

BpeMeHHM IlJI0THOCTb BTOpH4HblX .ncneHHH B TO'!Ke 

r B M0MeHT BpeMeHH 1 , Bb13B3HHbIX nCpBH'!HbIM _, 
.neneHHeM, np01130lile,nurHM B T04Ke r B MOMeHT 

epeMeHH t' ; q ( r, 1) - npocrpaHCTBeHH0-BpeMeHHaH 

nJI0THOCTb .neneHHH B TO'!Ke r B M0MeHT apeMeHH t , 
Bbl3B3HHblX BHeWHHM, He 33BHCHIJJHM OT peaKTOpa 

HCTO'IHHK0M. YpaBHe1-111e THna (1) HCTTOJ1b30BaJI0Cb, 

Hanp11Mep, B pa6oTc [2]. OHo HMeeT npo3pattHhIH qm-
3w-1ecKHit CMblCJI 11 Bblpa)l(aeT TOT cpaKT, '!TO .ncneHIUI 

B A3 Bbl3b1B3IOTCH He»rpoHaMH npc.nureCTBYJOtUl!X 

.ncneHHH 11 BHCWH11Ml1, HC 3aBHC51tU11MH OT pCah.10pa 

11CT04Hl1K3Ml1. 

B TO•JeYHOH MO.D.CJIH nonaraJOT npH6JIJ1)1(CHHO 

3,nCCb P(t) HMeCT CMblCJI IlOJIHOH CKOpOCTH .ncneHHH 

(T. e. MOtUHOCTH) s peaKTope, a Po (r) - co6cTBeH­

Ha51 cpyttKUH51 pcaKrnpa, T. c . pacnpc,nenc1-111e .nenem1.i1 



----

no o6bcMy A3. Y.T06h1 nepcih11 K ypaattctt11J1M To­

YC'-IHOtt Kl1HCTl1KH, HY)l(HO Y'ICCTb TO 06cTOJ1TeJ1bCTBO, 

'iTO UJ)OCTJ)3HCTBCIIHM 3aBHCJ1MOCTb q ( r, f) MO)l(CT 

HC COBOHJlOTh C co6CTBCHHOJi cpy11KUHCi1. Ha npaKTH­

KC ::no ocylllCCTBJH!eTCSI C OOMOll.(bl-0 cpyttKl..\1111 I~eII­

HOCTH .U,CJ1CHHH y( r)' B KaYeCTBC. K0TOp011 MO)l(HO 

BbI6paTb Ty )Ke tj)yHKl..{1110 Po ( r) ' TaK KaK l13BCCTHO, 

'-!TO 011.HOCKOpOCTHa.SI conpIDKeHHOSI HCHTJ)OHHcIB cpyHK-

1..{J,UI 6mnKa K (j>yttKUH11 TIOTOKO HCHTJ)OHO!l ll A3. 

Tio,acTaSIIM Bblpa~eHue (2) s ypaBHCHl1C (1 ), 

YMHO)l(HM ypaBHCHHC Ha Q)YHKUIIIO Y ( r) 11 npo1rn­

TCrp11pyeM ypaattctt11c no o6bcMy A 3. B pe3)'JJbTaTc 

OOJl)'YIIM 

I 

P(t)= f dt'G(t,t')P(t')+Q(t), (3) 

G (r.r') = _!_ f drdr'y( r) g (i ,r .r',r') Po ( r'), 
N 

Q(I) = _!_ f dry(r)q(r.t). N = J dFy(r)p0 (r). 
N 

B ypaaHeH1111 (3) G ( t , t') 11MceT CMhICJJ CKopo­

CTII BTOJ)H"IHhIX .neneHHH a A3 a MOMCHT BJ)CMCHH t, 
Bbl3BaHHOH nepBHYHblM ,D.CJJCHHCM. np01130illCJlWl1M 

B MOMCHT BpCMCHll t'. Q(t) - :>cpcpeKT11BI-1aH CKO­

pOCTh .11.eneHHH B pcaKTopc B MOMCHT BJ)CMCHH t' Bhl-

383HHaSI HC 33Bl1CJllllHMl1 OT pcaKTopa l1CTO'IHHKaw1. 

Otta y)l<e cooTBeTcrnycT pacnpe,ncnett1110 no co6cT-

BCHHOi1 cpyHKUlill pcaKTOpa Po ( r). 
B Jlafil,He.HUICM ynpOWCHIIC ypaBHCHl1Jl (3) MO)l(eT 

1111.TH .11.B)'MJI nyrnMH. PaccMOTJ)llM no.11.po6HO O,DJIH m 

IIl1X, npHBO.D.Slllll1H K .llHcpcj)epettu11aJ1hHOMY ypastte­

HHJO TOYC'IHOH KHHCTHKH co BJ)CMCHCM re1-1epau1111. 

0npC,UCJ1l1M Jq)q.>CKTIIBHblH KOJq>Q)HI.(IICHT J)a3.MHO)l(C-

I 

1-111si k3cji(t) = f dt'G(r,t') 11 npc.11.crna11111 np116m1-

)Ke1-1Ho G(t,1
1

):::: k3cJi(l)B(t -t'), r.ac B c11ny onpc.nc­

neH11si J dtB(t) = 1. ct>y11Ku.w1 B(t) on11cbrnacT 

0 

BKJ13Jl MrflOBCIIHblX, 3ana3.llbl8al0W11X 11 OTJ)a)KCHHbIX 

OT CTCH noMClllClllrn 11eihpoHoB B(t) = BP (t) + 
00 

+ IB111A11/' - i.,,,-r. 3.accb J dtBP (t) = 1-B, B = IB,,, . 
Ill Q Ill 

Ecm, Y'IIITb!BalOIIJ,1111 MrlJOBCIII-lblC HCHTJ)Ollbl 

YJJCH Bp(t) HC CO.llCJ))Klff ,'J.OJirm1msyw11x KOMnO-

HCHT (OllH 00.IIBJISIIOTCSI, 1-1anp11Mep. np11 HaJJIIYHH BO­

.llOJ)O.llOCO.llCp)Kamero HJ111 6ep11nJ1HCBOro OTpa)l(aTCJ1Jl 

II Y'll1TblBaIOTCH aHanOrJl'lHO 3ana3.llb1B<ll0lll11M HCH-

15 

TJ)OHaM), TO ero BKna.a MOiKHO np116.lJJ1iKCHHO 3Ulll1-

caTb R B11.11.C 
I co 

f dt'B
1
,(t - t')P(t')= f d-r:BP(-r)P(t--r)a:: 

0 

r.ne A= J dtB p (t)t. Tip11 pa3JJ0)1(CHl1H P(t -t) no.n 

0 

3HaKO!II HHTCrpana B pH)]. T:>i1nopa )''ITeH TOT cpaKT, 

'¾TO B,, (t) OfJJHYHa OT H)'JUI B O'ICHb Manoi-! OKpCCT-

HOCTH 3Ha'-leHHH T = 0. TaKHJ\1 o6pa30M, .a11cpcpepeH­

u.11aJihHblC ypaBHeHH.$J TO'¾C'¾HOH Kl1HCTHKH ITJ)l1MYT 

811)]. 

I 

r.ne sne.ae1-1b1 Q))'l-fKl..llil1 c
111 

(t) = ).,
11 
J dt' e - },,,,, u-,') P ( t'), 

KOTOJ)b!C Y.llOBJlCTBOJ).IIIOT ypan1-1em110 

dc111 , p , 
--=11.111 -11.,,,c,,, . 

dt 
(4) 

8 pe3yJJbT3TC nony'-laCM ypaB!-JCHHC 

3Tl1 ypaBHCHlUl, KOTOJ)blC ucnOJ1b30BaJ1l1Cb B pa-

6oTC [31, MO)l(HO npe,nCT3811Tb B 6onee npl1Bbl'¾HOH 

cpopMe, BBC.ll.Jl cpyHKUUl1 C111 (l)=~c,,,(t). B pe­
A,,,A 

3)'flbTaTC nony'-IHM cne.nyromy10 CHCTeMy ypaBHCHHH: 

(6) 

Mm1rno nOK338Tb, '!TO aJibTCpttarnBHOC HC3KBl1-

BaJlCIITHOC onpe,nenem1c kicji { 1') = J drG ( t, t') 11 

t' 

npe.11.crnBJJCHIIC G(t,t') :a; 8 1 (1 -t')kJq> (r') npHBOJlHT 

K .a11cpcpcpeflUllaJJbHOMY ypaBHCHHIO TOYC'IHOH KHHC­

TIIKH co cpe)].HliM BJ)Cl\lCHCM )KlJ3Hl1 HCHTJ)OHOB 



dP k (1-~)-l Q(t) 
-= 34> P(t)+ '°1. C (t)+-
dt L L.., 111 m l ' 

Ill 

(7) 

dCl/1 = ~Ill k~(t )P(t)-).,IIC/ll(t). 
dt l 

YpaBHeHHH (6) 11 (7) He .llBmlJOTCH 3KBHBaJJCHT­
HhlMH H npirnO,ll,.llT K 6ml3KHM p~3YJibTaTaM, Kor.n.a 

k~ 6nH3Ko K e.n.11tt11ue. Bxo.n..iuuaH B ypaBHeHH.ll (6) 

HnH (7) 3qlcpCKTl1BHa.ll CK0p0CTh ,ll,CJICliHH. Q(t) ' o6y­

CJIOBJieHHaH ,ll,CH.CTBHeM pa31IHlfHh1X no CBOCH np11po­
.n.e HCTOlfHHKOB, Ha npaKTHKe paCC'IHThJBaeTC.ll MeTO­
,ll,OM MottTe-Kapno no nporpaMMe C-95 [4]. 
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YJJ:K 519.212.3 

HEKOTOPhIE XAPAKTEPIICTMKH PACilPOCTPAHEHHH lf3JIY1-IEHHH 
B C<l>EPl-fl-lECKMX AKTMBHhIX CMCTEMAX 

3. <1>. <l>OMYlllKIIH 

¢fYTI «P¢.5IU-BHI1H3¢», 607188, r. Capos fut)Keropo,ncKoi1 o6n. 

C noMOlllhlO MeTona reoMe-rp11•1ecK11x sepOl!THOCTefi npose.ueHbI swrncneHH.J! npoc-rpaHCTBeHHoro pacupe.ueneH.HJI 
aKTOB BJaHMOJ].eHCTBW! B O6beMe wapoo6paJHOro HCTOY:HUKa 113.Il)"-lemUI. 

Kmo•1eBbte CJIOBa: MeTOJJ. reoMeTJ)H'•leCKHX eepOJ!THOCTeH, J!,!lepHOe BJaHMO,!leHCTBJ!e, HCTOY:HHK.11 HJny4eH.HJI. 

SOME CHFRACTERISTICS OF RADIATION DISTRIBUTION IN THE SPHERICAL ACTIVE SYSTEM/ 
E. F. FOMUSHKIN // With the aid of geometrical probabilities method there were made calculations of space distribution 

of interaction events in the volume of radiation spherical source. 

Key words: geometrical probabilities method, nuclear interaction, radiation sources. 

l1crnc,nosaH11c npoc-rpaHcTBeHHoro pacnpe.ncnc­

HIDI mny'-leHHH B :meMeHrnx MCpHhIX yc-rpoHCTB -

BCCbMa CJIO)!<HaJ! JanaYa. K Ta.Kl1M :meMCHTaM MO)KHO 

OTHCCTI1 11 aKTHBHhIC 30HhJ MCPHhJX pcaKT0p0B, 11 MH­

lllCHHhIC Y3Jlhl ycKOp11TCJICII, H pa.n11oaKTHBHbIC 11CT0Y­

HHKH 1131IY'-JCHl1H, 11 YJnbl 113Mep11TeJibHblX CHCTCM )])UI 

11CCJIC.ll0B8Hllil H,UCpHhlX B38H.MO.llCHCTBH11 11 ,up. 

B o6meM cnyY.ae )])UI Teopcrw-1ecKOH ou,cHKJ1 

npou,eccoB B TaKHX yc-rpoHCTBax HC00Jlb3YCTCJ! MC­

TOll CT3Tl1CTH'-ICCKHX 11CObJTaHHH C np,rnneYeHHCM 

M3CCl1Ba BX0.nHblX .ll3HHblX O J!.llCpHhIX KOHCTaHTax, 

0 reoMCTJ)HYCCKHX napaMe-rpax. 

O.nHaKO B HCK0TOpblX cnyYaJ!X .nmI ncpBH'-IHOH 

01..1,CHKH xapaKTep11CTl1K a.nepHblX yc-rpOHCTB, o6na­
naiom1'1x onpeneneHHOH c11MMCTp11ei1, BOJM0)KHO no­

nyLJett11e aHamn11LJCCK11x pewett11i1. B :.noM cnyLJae 

3H3'-IHTCJihHhlH 3cpcpeKT npI1 nonyYCHl111 cpyHKLU10-

HaJlhHhlX COOTHOWCH11H MO)KCT .ll3Tb 11C0OJih30BaHHC 

pa.3JIHYHhIX MCTO.llOB TeopmI BepoaTHOCTCH, B Y3CT­

HOCTH, MCTOlla reOMCTJ)l1'-ICCKl1X BepoaTHOCTCH. 

Tio onpe.ncnem110, «reoMeTJ)HYCCKHC BCpOaTHO­

CTH - BCp0aTHOCTH C06b!Tl1H. CBaJaHHhl X co B3aHM­

HbIM pacnoJI0)KCHHeM rCOMCTJ)l1'-ICCKl1X cp11ryp, cny­
LJaihrn pacnoJIO)KCHHhlX Ha nJIOCKOCTH 11Jll1 B npo­

c-rpa11CTBC» [l]. Ha116oncc norn•tHOH 11nn1-0c-rpau,11ci1 

11cn0JihJ0BaHI1jl MCT0.na rCOMCTJ)H'-ICCKHX BCpOHHO­

CTCH jj_BJiaeTCJ! Ja.na'-la 01-0cpcpo11a [2J, paCCM3TJ)l1B3C­

MaJ! npaKTll'-ICCKl1 BO BCCX PYKOBO)J.CTBaX no Teop,1.11 
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sepoaTHOCTCH. CLJ11rneTca, '-ITO HMCHH0 c 3TOH Ja.na•rn 

H3'-laJI0Cb HC00Jlh30B3Hl1C re0MCTJ)H'-ICCKl1X sepoaT­

HOCTCH .nJijl cpyH.naMCHTaJlbHhlX 11CCJIC.ll0B3HHH 

11 apaKTl1'-ICCKI1X Bbl'-IHCJICHHH. 

B )J.aHHOH pa6oTe C 11C□0Jlb3083Hl1CM MeTO.llOB 

reoMeTp11'-1CCKI1X BCpOJ!THOCTCH nposo.nJ!TCa BhP-111C­

JICHl1J! npoc-rpaHCTBCHH0f0 pacnpe.ueneHH~ aKT0B 

B3a11Mo.nei1crnID1, B0JH11Ka10m11x B o6beMe wapoo6-

pa3Horo 11CTO'-IHl1Ka 113ITY'-ICHID!. OTBJICKMCh OT cp11-

311'-ICCKOro co.nep)Katt11J1 npo6neMhl, ccpopMyn11pyeM 

TeopeTHK0-BCp0J!THOCTHYIO □OCTaHOBKY 3a,na'-111. 

B6n11311 ccpepb1 pa.n11yca R ttay.na'-ly pacnonara­

CTCJ! □pJ1MOJIHHCHHbJH OTpe3oK .nmrnoi1 11. :S: 2R TaKHM 

o6pa.30M, '-!TO o.n11H KOHCl..l OTJ)C3Ka rapaHTHpOBaHH0 

ttaxo.n11Tca BHY'fPII .naHHOH ccpepb1. Tpe6yeTCJ! Hai1rn 

BCpOHTHOCTh Toro, YTO BTOpOH KOHCU, OTJ)CJKa Haxo­

.lll1TCJ! BHYTPH .naHHOH ccpepb1, B 06nacT11 c x :S: R. 
KaK npaBHJIO, B Ja.na'-laX TaKOro TH□a paccMaT­

p,rnaJ-OTCJI }].Ba Tima MHO)KCCTB - npocTpaHCTB0 3ne­

MCHTapHblX paBHOB03MO)KHhlX HC□b!TaHHH 11 npo­

c-rpaHCTBO 11cnbJTaHHH. 6naronp11J1Tcrny10w.11x 11c­

cnc.nyeM0My co6hJTHI-O. Tipoc-rpaHCTBO 11CIThJTaHI1H -

COBOKY0HOCTb BCCX B03M0)1(HblX 3HaYCHI1H nepeMCH­

Hhl X, OT KOT0pbtX 33B11Cl1T 11ccne.uycMhlH npou,ecc; 

npoc-rpattcrno 11cnh1Tatt1111, 6naronp11J1TCTBy10m11x 

11ccnc.nyeMOMY co6bJTl11-0, - COBOKynH0CTb 3Ha0JCHI1H 

nepeMCHHhlX, np11 KOTOpblX H3YY3CMOC co6bJTHe 

np011CXO.lllff. O6bCM nepcce'-ICHHJ! JTHX npoc-rpaHCTB, 



OTHCCCHHhlH K o6beMy ll0JIH0fO npoc-rpaHCTBa HCllbl­

TaH11H, onpc.n.en.sier aepo.siTH0CTh ttccne.n.yeMoro co-

6hmrn. 

B HaUJeM cny'-laC :meMCHTapHblM llCllbITaHJ-ICM 

.sian.sieTC.s! aKT BhinCTa <JaCTl11..1,bl 113 onpc,.'lenCHHOH 

T0'-!Kl1 11CT0'!HHKa 8 .n.aHH0M Ha11paancmm. flpo­

c-rpaHCTB0 11CllhlT8HHH onpe.n.eJI.s!CTC.s! TpCM.s! 11epc­

MCHHhlMl1: pamrycoM-BeKT0p0M p T0'!Kl1 BbinCTa '-lac­

Tl11..1,hl, op611TMhHblM yrnoM 0 BhmeTa (OTHOCl1TCnhHO 

pa.n.11yca-BCKTOpa p) 11 a.311MYTaJlhHblM yrnoM <p. 
Ilpe.n.nonaraCTC.s!, 'ITO :meMeHTapHble 11CT04Hl1Kl1 113-

nyy_eHl1JI paBH0Meptto pacnpe.n.encHhJ 110 o6beMy wa­

pa, 11 113ny'leH11e Ka)K)],0f0 :meMeHTapH0fO 11CT0'!Hl1Ka 

c¢ep11qecKH c11MMCTp11lJH0. CooTBCTCTBeHHO, npo­

c-rpaHcrno 11CllhITaHJtli 3a.n.aeTC.s! CHCTCMOM: 

R 

O:s;p:s;R, P(p)dp=(3p2 )dp/R3
, f P(p)dp=l; 

0 

7t 

0 :s; 0 :s; n. P(0)d0 = -d ( cos 0 )/2, f P(0)d0 = l ;( l) 
0 

27! 

O:s;cp:s;2n, P(cp)d<p=dcp/2n, f P(cp)dcp=l; 
0 

p - H0pM11p083HHa.s! BCp0.s!TH0CTh .D.UHH0fO 3Ha'ICHl-1.s! 

nepeMeHHOH. B cny'lac c¢ep11'!ecK11 CHMMCTpH'-IH0ro 

11CT0'!HHKa a311Myra.JlhHhltt yron BhinCTa qacTHl..l,bl (j) 

BO BCCX C06blTl1.s!X 11MCCT paBH0BCp0.s!TH0C pacnpe.n.e­

neHHC Ha HHTepnanc O '.S <p '.S 2n. Ilo:noMy re0Me-rp11-

'-ICCKHC noc-rpocH11.sI, 1rnmoc-rp11p)'10ll..l.HC npouecc 11c­

nycKa1111.R II nocnc.n.y10I1..1,ero a3a11Mo.n.cwcrn11.R 113rry­

'-ICH11.si, M0)KH0 paccMaTpHBaTh B nn0CK0CTH, o6pa-

3YCMOH pa.n.11ycoM-BCKT0p0M TO'-IKH 11cnyCKUH.11.s! 

11 -rpaeKTOp11ett 11cayI1..1,eHHOtt '-1acrn1..1,b1. Ilp11 3TOM 

a3HMYTaJThHhIH yron cp a nocne.lJ.YlOil..l,HX Bb1'-111crrem-uix 

He 11cnonh3ycTc.si. CooTHowemui (1) a c¢ep11qecK11x 

Koop.n.11HaTax p. 0, cp onpe.n.en.silOT map pa.n.11yca R 
C u.e11Tp0M B Ha'-!ane K00p.D.HHaT. 

Tipoc-rpaHCTBO HCllbITaimH, 6naronpH.s!TCTB)'10-

ll..l,11X co6hITl110, - .n.pyroi1 K0HCU 0TpC3Ka .n.mrnoi-i A 
no11a.n.acT B T0'IKY, HaX0.ll..s!ll..l,YIOC.s! Ha paCCT0.s!Hllli, He 

npCBbIWa!Oll.lCM x OT Ha'lana K00P.ll.~IHaT (pnc. 1). -
M0)l(H0 3anucaTb B B11.D.e 

p2 +A2 -2pAcos0::;x2 • 

(2) 
O:s;cp:s;2n. P(cp)dcp=dcp/2n. 

B Tex )Ke c¢cp11qecK11x Koop.n.1rnarnx p. 0, <p co-

0TH0WCHl1JI (2) onpc.n.cnmoT wap pa.n.11yca x c ueH­

Tp0M, pac11on0)KCHHhIM Ha paCCT0.s!Hl-111 A OT Ha'!ana 

K00p.n,1rnaT. TaKHM o6pa30M, HCK0M0C npocrpaHCTB0 

11CllblTaHHH - 06I1..1,a.si 'laCTb .n.ayx wapoa C pa.n.11ycaMH 
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R 11 x '.S R, paccrn.sim1e Me)K)].y 1..1,ctt-rpaM11 wapoa - 1..; 
o6beM ::noro npoc-rpaHcTBa - V. 

PHC. l. TpaeKTopm1 '13CT11Ubl 8 TeJJe waposoro 11CTO'IHHKa 

Ecm-1 0 '.S A '.S R - x, V = ( 47t/3)x3
: ccn11 ). 2'.: R + x. 

V = 0. Ecn11 R - x '.S A '.S R + x, o6beM 06I1..1,ei1 qacm 

.n.ayx wapoa paaeH CYMMC o6beMOB .D.Byx rnap0BhlX 

CCKT0p0B C pa.n.11ycaMl1 KpHBl13Hhl R 11 X, HMCIOil..l,HX 

06I1..1,ee 0CH0BaH11e (p11c. 2). O6beM JTOro Tena BbI­

'-IHCm1eTC.s! MCT0,ll,aMH JJTCMCJITapHOH CTCpeoMe-rp1111 11 

paaeH 

V = (n/6){)..,3 /2-3)..( R2 + x2
) + 

+4(R3 +x3)-(3/2)(R2 -x2 )/1-.}. (3) 

CoOTBeTCTBCHHO aep0.s!TH0CTb 11ccne.n,yeMoro 

co6 blTH.s! 

0 

I 
,/4 

PHC. 2. ct>opM11posattue IIOJUI co6bJTIIH, 61iaronp1U1TCT­

BYIOLl.ll1X 11ccne11yeMOMY npoueccy (R - x :S A :SR + x) 

,Un.s! K0M!laKTH0CTl1 3anHCH 11TOf0BOH ¢opMynh1 

0TH0pM11pyeM BCC JTHIICHHble pa3Mepbl Ha BeJ1114HHY 

pa.n.11yca wapoaoro HCT0'-IHHKa R. BBC.ll..s! o6o3Ha'-le-



HM.R r = xi R 11 I = ')JR, nony<1aeM JHa\.fCH11e sepo.RTHOCTII co6bITH.R - \.facT11ua c npo6eroM /, 110.Rsuuwa.Rc.R 

s Hay,na'-ly Bb16pam10.11 TO'-!Ke waposoro 11cTO'-IHI1Ka pa.ru1yca R = 1, 11cnblTaeT nepsoe BJa11Mo.ne.11cTBHC 11a pac­

CTO.RHHH OT l\em·pa 11CTO'IHl1Ka, UC npeBb!WalOWeM r : 

r3, ccn11 0 $ / $ 1- r; 

P(!,r) = (1+r3 )/2-(3/8)(l +r2 )+t3/ 16-(3/16)(1-r2 )2 / 1, ecn11 l-r-5,/5,l+r; (5) 

0, ecm1 l ~ 1 + r. 

Ha rpamtl\ax onpe.nenemrn <PYHKL\1111 P(I, r) ycnos11e Henpepb!BHOCTl1 <PYHKL\111111 ee nepso.11 npo11Jso.ntto.11 

BhlnOJJHHeTCR. 

BapHaHT r = 1 (x = R) COOTBeTCTByer cyMMapH0.11 sepOHTHOCTH HCTibITaTb B3al1MO,lleHCTBl1C B o6beMe IIJa­

posoro HCTO'-IHHKa. B 3TOM cnyqae (popMyna (5) np1106perneT secbMa I<OMITaKTHYIO <POPMY 

P(!,r=l)={l-(3l)/4+l3/16, ecn11 /<2, 
0, ecnH l ~2; 

(6) 

COOTBeTCTBeHHO, sepOHTHOCTb BbineTa 'IaCTHUbl 113 HCTO'lHHI<a 6e3 B3al1MO,LJ,eHCTBl1H C sewecTBOM HCTO'lHHI<a 

E(l,r=l)=l-P(!,r=l)={(3!)/4+!
3
/16, ecn11 1<2, 

1, ecm1 I > 2. -
(7) 

HanOMHHM, r = x/R 11 l = ')JR - BenH'lHHbl HOpM11poBaHHOro npo6era, / 11MeeT cp111<c11posaHHOe 3Ha'I.eHHe. 

BepO.RTHOCTb HCTTbJTaTb B3al1MO)J,CHCTBl1H B e.nHHl1'IHOM o6beMe, HaXO.llR-WeMCH Ha paCCTOHHl111 r OT ueHrpa 

rnapoo6pa3HOro HCTO'-IHHI<a, paBHa 

{

3/ ( 41t), ecn11 0 $ I $ 1- r; 

v(!,r) =[8P(l,r)/8r ]dr/( 4nr2dr) = 3/( 41t){1/2-1/( 4r)+(l-r2 
)/( 4rl)}, ecnH 

0, ecn11 I ~ l + r. 

1- r $1$ l + r; (8) 

rpaqrnI< 33811CHMOCTl1 V (I, r) .nm1 HCCI<OilhKHX 3Ha'I.CIDU1 I npe.ncTasneH Ha p11c. 3. 
11cnonh30BaH11e cpopMyn (5)--(7) MO)KeT 6&ITh noncJHhIM np11 aHanHJe npocrpaHcTBeHHoro pacnpc.ncneH11$1 

OCI<OJJKOB .neneH11$1 B 06beMe wapOBblX MHKpOTB3IlOB [3]. 

1.25 
1.50 

0,0 0.2 0.4 0.6 0.8 1,0 
PaCCTOllHHe OT ueHTJ)3 HCTO'-IHHKa, r 

Pttc. 3. BepO.!!THOCTb B33HMO.UeikTBll.!I 113JlytleHJUI B e,nl!HH'-IHOM 061,eMe, H3X0,1l.Rll(eMC.!I Ha pacCTO.!IHl1J,\ r 
OT ueHTPa wapoo6p33Horo HCTO'-IHHKa pa.nnyca R = l 

19 



Ecn11 l =f. const, tteo6xo.n11Mo ycpe.nttcH11c no cneKTpy 3Ha'-!e1111i1' /. ,I.J.m, HCHTJ)OHOB 11 y-KBaHTOB o6ht'-IHO 

npe.nnonaraeTCJI, '-ITO npo6en1 JTHX 113JIY'-ICHl1H HMCIOT JKCilOHCHUHaJJhHOe pacnpe,ne11em1e 

o/(l)dl =exp(-t/!0 )dt/!0 , (9) 

r.ne 10 - cpe.ntt11fi HOpM11posattHhttt npo6cr coorncTcrnyt01.Udi LJacruubt B Belliecrne rnaponoro HCTOLJHHKa 

p a.n11yca R = 1. 
Ycpe.n.HeHHe BCpO.HTHOCTH V ({, r) (8) no JKCnOHCIIUllaJJbHOMY pacnpC.ll,CJICH1110 (9) np11BO.ll,11T K 3aBHCl1MO­

CTH <I> (to, r) - nnoTHOCTH B3aHMO,UeHCTBHH B e,llHHl1'-IHOM o6beMe, HaXO,U.Hl.l.ieMCSI Ha paccT05IHHII r OT uett-rpa 

urnpoo6p a3HOro HCTO'-IHHKa e,UHHH'-IHOro pa,u11yca. EI.UC pa3 HanOMHHM, lo, r - 6e3pa3MCpHblC BCJJJ1lll1Hbl, pe­

aJJbHbl C 3Ha'-!CHWI cpe,uttero rrpo6era 11 paccTOJIHWJ OT UCHTJ)a HOpMHpOBaHbJ Ha 3Ha'-ICHJ1e pa,u11yca rnaposoro 

HCTO'-IHH.Ka. 

<P(t0 ,r)= f v(l,r)exp(-t/!0 )d!/!0 = 
0 

= 3/( 4n){T exp{-1/lo)dl /10 + :n 1/2-1/( 4,) + ( l -,2 
) / ( 4,L)]exp(-L/L0 )dl /10 } = 

= 3/( 47t ){ 1- exp( 1// 0 )[ cos h ( r/lo )/ 2 + Uo /2r) ( 1- lo' )sin h ( r/lo)] -r 

+ ( 1- r2 
)/ ( 4rl0 )[ Ei (-( l + r )/10 )- Ei (-( 1- r )/10 ) ]} , 

r,ue Ei(z) = - f [ exp (-t )/t] dt - HHTerpanbHM noKaJaTenbHal! Q))'HKUWI [ 4]. 
z 

r p aqJHK 3aBHCHMOCTH <P (to, r) )lJl5l HCCKOJlbKHX 3Ha'-!CHHH lo npe)lCTaBJICH Ha p11c. 4. 

(10) 

,ll,m 11311)"-ICHHH C :>KCnOHCHUHaJJbHbIM pacnpe,ueneHHeM npo6eros BCpOl!THOCTb BbIDeTa '-!aCT11Ubl 113 rna­

posoro HCTO'-IHHKa 6e3 B3aHMO)lCHCTBl1.51 C BCI.UCCTBOM l1CTO'-IHJ1Ka Bbl'-il1CJl,S!CTCJI C 11cnOJ1b30BaHl1CM Q)OpMyn 

(6). (7) 11 (9). 

>= ,_ 

" a, 
0 
:,: 

"' ~ 
0 
t; 

co 2R 

0(/0)= f E(t,R)exp(-l/t0 )dl/l0 = f [(3/2)(t/2R)-(1/2)(!/2R)3]exp(-t/!0 )dt/t0 + 
0 0 

0.3 

+ j exp(-l/!0 )d!/t0 =3/u
3
{u

2
/2-l+exp(-u)(1+u)},rJle u=2R/f0 . 

2R 

0.2,------------

0.1 

0,0 0.2 0,4 0.6 0.8 
PaCCTOllHlfe OT uett-rpa 11CTO'IIIHKa. r 

lo= 0,1 

0,2 

o.s 

1.0 

1.5 

2,0 

5.0 

1.0 

P11c. 4. BeponTHOCTb B3al1MO,lleHCTBIIJI 113Jl)"-leH1151 C JKCllOl!eHUHMbHblM pacnpe.neneHHeM npo6eros 

B e,llJHUI'-IHOM 06beMe, HaXO,llJIU(eMCll Ha paCCTOJIHl111 ,. OT ueHrpa wapoo6pa311oro HCTO'IHl!Ka 
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1,0 

"' 0.8 :!: 

'° "' u 
;... 0,6 C: 
u 
:s: 
..0 

t; 0,4 !:! 
1-'.: 
"' 0 
C. ., 

0,2 co 

0 2 4 6 8 10 12 14 
2Rllo 

P1-1c. 5. BepOJlTHOCTb Bb!Xo.na HJJI)"leJ-Utll 1-13 waposoro HCTO'-IHHKa (2R - .!UtaMerp HCTO'IHHKa, 

lo - cpe.n:HHtt npo6er '-13CT11Ubl) 6eJ B3311.MO.ll:eikTBHJI C semecTBOM HCTO'-IHHKa 

<l>yttKUIDI 0(10) npe.ncTasnetta Ha p11c. 5. 
,ll,JUI ccpepw-1eCKl1X pa3MHO)l(alOW)fX Cl1CTeM, Ha­

np11Mep, 113 nnyrOHl1.8 MJIB ypaHa, 4)YHKUIDI <D(/o, r) 
(10) on11cbrnaeT pacnpe,ueneH11e peaKu1111 B3a11Mo,nci1-
cTBID1 HeHrpOHOB CilOHTa.HHOro .neneHID! 11 (a, n)-HeHT­
pOHOB c semecrnoM c6opoK. Pacnpe.nenett11e peaK­
u11i1, Bh13BaHHhlX HeHrpOmlM11 BhIHY)l(,Ue1rnoro .nene­
Hl151, B nepBOM np116nmKeHl1J1 TaK)l(e MO)KeT Oill1Chl­
BaThC.s! 3THM pacnpe.nenett11eM. 

<l>yttKUl1J! 0(/o) (11) MO)l(eT 3cpcpeKTHBHO 11cnonb-

30BaThC.s! ,UJI.s! KOppeKTI1pOBKl1 pe3yJihTaTOB 113Mepe­
Hl1H C o6pa3UOBhlMJ1 pa.n11oaKTl1BHhlMl1 y-11CTO'I­
Hl1KaMl1. 

Cne.nyeT OTMeTHTh, '!TO cpopMyna (11), no-s11.n11-
MOMY, snepBh1e 6hma nony'lcHa asrnpaM11 pa6oTbI 
[5], HO B HeCKOJlbKO .npyroii cpopMe 3an11c11. BepO.s!T­

HOCTb 0(/o) B pa6oTe [5] Ha Ha'laJihHOM 3Tane 6hma 
3an11catta B B11,ue rpoHHoro HHTerpana, no,uhrnTe­
rpanhtta.H cpyttKUH.s! pa.Jnaranach B p.s!.U, npo113so.n11-
nocb IlO'lneHHOe l1HTerp11poBaHJ1C, a 3aTCM C)'MMHpO­
BaH11e nony'leHHOro 6ecKoHe'llioro p.s!,ua. Bee 3TH 
onepau1111 6binl1 CB513aHhl C BeCbMa rpOM03,UKJ1MJ1 Bbl­
'111CneHID!Ml1. B .uaHHOH pa6oTe 3a c'leT 11cnonb30Ba­
HIDI np11HU11Il0B reoMerp11'1eCKJ1X BepO.s!THOCTeH pe­
rneH11e 6onee o6mei1 3a,na'l1t csenoch K 3neMettrnp­
HhIM Bhl'll1CneHJ1.s!M o6bCMOB 11 nocne.n)'lOI.UeMy l1H­
Terp11poBaHJ1IO ,UOCTaTO'IHO npOCTblX Q))'HKU11H. 

McTO,Uhl reOMCTp11'1eCKHX BepO.s!THOCTCH Moryr 
ycneWHo np11MeHJ1TbC.s! .nn.s! om1caHJ-rn pacnpocrpa­
HCHH.s! 113ny'leHl1H B CJ1CTeMax 6onee CJIO)l(HQH KOH-

cj)Hrypau1111 [6]. IlonY4aeMblC np11 3TOM aHaJIHTH'IC­
CKHe pacnpc.neneHID! Moryr 6hITh HecKonhKO 6onee 
CJIO)K}lhlMH. 
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YTOq HEHHhIE YPABHEHIDI )UIHAMHKlf MMIIYJibCHOfO PEAKTOPA 6IITP 

B. <I>. KoJJecon, E. B. HnTHnuHa 

¢rYn «P<P5IU-BHI1J13¢», 607188, r . Capoa H1-1*cropo.uc1<0i1 o6n. 

f1p1•1Be}leHbl pe3yJlbTaTbl TeopeTl!'J.eCKOfO 11ccne}loBaHIUI, BblITOJlHeHHOfO B UCJlllX BblllCl!e!HUI npli'-!HH ttey,uosne­
TBOpHTeJlbHOfO socnp0113Be,UeHWI B pac4eTax peaKTOpa EillfP TaK Ha3b1BaeMoro «l!JlaTO» (HJ11l «XBOCTa») 11MITYJJbCOB ,ue­
neHl1H, B 48CTHOCTH, 4eTKO Bblpa'lKeHHblX OCUIIJlJlllU11H MOLUHOCTl1 peaKTopa Ha nnaTo, f1oKa3aHO, 4TO C 60JlbWOH sepOllT­
HOCTblO npH411Ha 3aKJ110<IaeTCll B npOllBJleHJlllX tteycTOii4lllJOCTH palU!aJlbHOfO CMememu1 TOrIJIHBHblX KOneu J,!JlJI IJ .neTep­
M~LHHpOBaHHOH ,uecjJopMau1m cjJopMbl HX nonepe4H0f0 ce4eHllll. Pewemui MOJIH<jnm11posat1Hb[X ypaBHeHJIII ,!HIHaMllKH 
peaKTopa EvtrP, 38ITJIC8HHblX C yYeTOM 3THX llBJiemti1, YllOBJleTBOpHTeJibHO cornacylOTC& C 3KC11epHMeHTOM. 

Kmo'feBblC CJIOBa: peaKTop El1fP, aKTIIBHa& 30Ha, TOILllliBHble KOJlbUa, HMITYilhC ,ueneHHH, 11JlaTO HMITYilbCa. ypas­
HeHH& ,u1rnaMHKll peaKTOpa, ll3MeHeHHll peaKTHBHOCTl1, HeycTOM411B0CTb CMemeHH& TOfUlHBHblX Koneu. 

IMPROVED EQUATIONS OF BIGR PULSED REACTOR DYNAMICS/ V. F. Kolesov, E. V. Intyapina // 
The paper presents results of a theoretical study performed for the purposes of finding reasons for unsatisfactory reproduc­
tion (in calculations of BIGR reactor) of so-called «plateau» (or a «tail») of fission pulses, particularly, distinct oscillations 
of reactor power on the plateau. It is shown that in all probability the reason is manifestation of instability of fuel rings 
radial displacement or deterministic deformation of their cross-section form. Solutions of modified equations of BlGR reac­
tor dynamics, recorded taking into account these phenomena, satisfactorily agree with the experiment. 

Key words: BIGR reactor, core, fuel rings, fission pulse. pulse plateau, reactor dynamic equation, reactivity 
changes, displacement instability of fuel rings. 

Bne}lem1e 

MeTO.Ubt pac•1era !lHHaM11K11 6bICrpb1X 11Mnynhc­

Hhtx peaKTopoB xopowo pa.3Bl1Tbl [l- 3). I1p11MeHH­

TCJlbHO K peaKTopaM C MeTanJJH'feCKOH aKTHBHOH 30-

HOH (A3) OHII cnoco6J1bl npaKTl1'-ICCKl1 T0'-!110 BOC­

np0113B0.llHTb HC TOJlbKO OCHOBHYIO, 6bJCTponepeMeH­

HYIO, 4aCTb 11MITYJibCa nenCHili1, HO H TaK H83blBaCMOC 

«nJiaTO» (mn-1 «XBOCT» ) HMnynbca, no.usep)l(CHIIOC 

CHJlbHOMY BmUIHHIO co CTOpOHhl OKpy')KalOllU1X 

npe,a.MCTOB, B TOM '-IllCJIC 11 CTeH ITOMCLUCH11SI. 8 '.)TOM 

OTHOlllCHJ111 pcaKTop El1rP [4J, B UCJIOM, BBl1!lY OT­

cyrcTBHH B HCM co6crnem10 ,lJ.11H8Ml14CCKHX Jq>q>CK­

TOB HC npC.lJ.CTaBJI.HIOLUHH CJIO)KHOCTCH .[lllil pac•1crn 

HMnynbCOB .[lCJICHHtt, HBnHCTCH HCKOTOpblM HCKJJI0-

4CHIJCM. 

Ecn11 sccT11 pe4b o 6b1crponepeMeH11oi1 Yacrn 

HMITYJtbCa, TO OHa npHMCHHTeJibllO K peaKTOpy oI1rP 

BOCnpOH3BO,lJ.11TC51 B pactternx TaK )l(C xopowo, KaK 

H B npyrnx pcaKTopax. K co)Kanem110. ::noro HeJJb351 

CKa3aTb O nnaTO MMITYJibCa: B cnyttae pcaKTopa oMrP 

0110 paCC411TblBaCTC51 Jll1Wb np116J1HiKeHHO. PacYeT 
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B '.)TOM CJIY'-lae B cpasHeHHH C '.JKCnepHMCHTOM JaHH­

)KaCT Bb!XO.U 3HeprHH Ha nnaTO II He BocnpOH3B0.[ll1T 

xapaKTCpHblC ,a.ml HMnyJihCOB nl1f p HH3K04aCTOTHbJe 

OCUIIJ1Il51U11H MOI.L(HOCTl1. 

TiocKOilbKY «HaBCKli!lKY» ynyttllll1Th pactteTHOe 

BOCilp0113Be,UCHHe nnaTO HC ynasaJIOCh H JICrKOC o6b­

HCHeHHe 1-1eo6b1'-1HOro noBe.[lCHl1H MOI.L(HOCTl1 He npo­

CMarp,rnanOCb, a 11eo6XO.llllMOCTb CCpbC3HOfO yrny6-

neHl1H B npo6neMy oTcyrcrnoBana, aonpoc 6hrn oc­

Taane11 6e3 BHHMaHH.H. 

3TOT BOnpoc BHOBh BCITJlhlJl Ha noaepXHOCTb 

B CB513H C q>l13HYeCKl1M nycKOM B 2009 r. 11MITYJibCHOfO 

peaKTopa 6P-1M, a HMCHHO B CBH311 c B03HHKWefi 03a-

60'-le1rnoc-rh10 no noBo,a.y a H0Ma.nb11oii. nOBbJtlla10me11 

BbJXO,lJ. :mcprnH Ha nnaTO MO!lYJlllUHJ1 MOI.L(HOCTH B 

IIMTTYJJbCax neneHIIH C HaYanhHbJMH pea1<TI1BHOCT51MU 

no 111rHOBCHHhIM 1-1eiirpoHaM B n11anaJ0He OT 0,03P),~ 
.uo 0.05P,<J,- Tor.a.a BOJHJ1101a MbI CJJb o B03MO)KHOM npo­

HBneH1111 B .uaHHOM cny4ae 11eycTOH'-IHBOCT11 B panH­

anbHOM CMCI.L(CH(,[11 TOnJJHBHbtX I<OJICU A3. B :>TOH CB51-

31 I np1mOMHHJIHCh 11 CCTCJ..Ulq>H'-IHbie, noKa Cl.L(C HC o6b-

51CHCHHblC OCtlllJlillllJ.Hll MOl_ilHOCTII 113 nnaTO 11Mnynb-



cos B peaKTope EHfP. TTocKOJihKY JTOT sonpoc CTart 

Ka33ThCll 3H3\.Jl1Mh1M B acneKTC 6c3onacHOCTl1 11M­

nyJihCHhIX ycTaHOBOK, no-rpc60B3JIOCh cro 6011ec cepb­

C3HOC. 4CM paHCC, paCCMOTJ)CHHe. 

TaKoro po.n,a l1CCJIC,!l,OBaHHC BbITIOJIHeHO B Ha­

CTOlllUCH CTaThC np11MClll1TCJibllO K 11MTIYJibCaM peaK­

TOpa El1fP. B ocHoBy TeopernYecKoro 11 pacYernoro 

aHaJil13a TIOJIO)KeHo npe.nnoJIO)KeH11e O B03M0)1{H0CUI 

npo.RBJICHl1H CTOXaCTl14CCKOii HCYCTOH\.JHBOCTl1 B TCp­

MJI'!eCKOM pa.nuanbHOM CMell.(CI11111 TOTIJil1IlllhlX Koneu. 

IIJIH .neTepM11HHp0B3HHOH .necpopMa1u111 HX nonepe4-

HOro ce1.JeH11l1. l1 TOT, 11 .n,pyroi-1 3cpcpeKTbl MOryr np11-

BO,!l,HTh K OCCBblM CMCll.(eHl1llM TOTIJil1BHbIX KOJICU. H. 

CJIC,!l,OBaTCJihHO, K ,!l,OTIOJIHHTCJibHblM KO.MTIOHCHTaM 

pcaKTl1BHOCTHOH o6panIOH CB.R3H. 3TH KOMTIOHCHTbl 

BJIH.RIOT Ha ypoBCHb 11 cpopMy nnaTO 11, KaK Y811,!l,11M, 

npe.nocrnsmuoT B03MO)l(HOCTb y.n,oBneTBOp11TCJibHOro 

socnpo113se.neHID1 s pac1.Jernx HC TOJibKO 6b1cTpone­

pcMeHHoii, HO 11 MC,!l,JICHHOH '13CTl1 m,mynbca .n,e­

JICHHH. 

1. Pea1nop nHrP. 
lfMDYJJbCM )leJieHHH B pea1nope 

Pa1s11Tb1c so BHHl13c]) MeTO.UhI Teopern4ecKoro 

on11caHW1 ,!l,11HaMHKH HMTIYJibCHblX peaKTOpOB TI03B0-

JIHJIH O,!l,HOMY 113 aBTOpOB HaCTORll.(CH CTaTbH 

(B. <l>. Ko11ecosy) Bb1cryn11Tb B csoe spel\rn c npe.n­

JIO)l{ettueM o CTJ)OHTCJJhCTBe 6b1c-rporo AMP c A3 113 

.n,11cncpcHoro ypatt-rpacp1-1TOsoro Tonmrna, orn11-

1.Ja10w.erocR BhlCOKHMH ypOBH.RMH q>JIIOCHCa Hei11-po­

HOB 3a 11MTIYJibC 11 TIJIOTHOCThlO TIOTOKa HeHTpOHOB, 

11 p33pa6oTaTh npHHU.HTIHaJibH)'lO KOHCTJ)YKUHIO JTOH 

yCT8HOBKl1 [3, 4]. Dpc,!l,JIO)l(CHl1e HallinO OTKJil1K, 

11 BCKope so BHl1l13<D 11 s cMe)l(HblX 11Hcrnryrnx 

rpynno?t co-rpy.n,1-111Kos so masc c M. 11. KysU111-

HOBblM 6bJJia pa3BepHYTa pa6orn no npoeKT11pOBa­

H11IO peaKTOpa, o-rpa60TKe TeXHOJIOrHl1 H3fOTOBJiemt.R 

ypaH-rpaqrnTOBbJX .n,cTaJICH A3 c -rpe6ycMhIM11 csoi1-

crnaM11 11 CTJ)Ol1TeJibCTBY JTOro peaKTopa, nony1.J11B­

wcro HaJBaHHe 611f P (6h1c-rpb111 11Mny11bCHhIH rpa­

cpHTOBbIH pcaKTop). PeaKTOp 6bJJI BBe,!l,CH B 3KCnnya­

TaUHIO so BHHH3<P s 1977 r. 11 .n,o c11x nop ycnew­

HO HCTIOJib3yeTCSI K8K MOW.HbIH HCT04HHK /l-, Y-113Jiy­

'-!CHl1H [5J. 
B peaKTope El1fP s Ka1.Jecrne TOTIJIHBHoro MaTe­

p11ana 11CTIOJib3YeTCSI c npeccosaHHaR, ,!l,OCTaTO'lHO 

O,!l,HOpO,!l,H8SI CMeCb .UBYOKHCl1 ypaHa C rpacpHTOM. OT-
015u 

Howe1-111e '-!HCJia si.nep yrncpo.na K '-!11cny si.nep -· s 

CMeC11 COCTaBJillCT - 16. 06oraw.eH!1C ypaHa H30TO­

TIOM mu paBHO 90 %. TTpHHS!TblH COCTaB ypaH­

rpacp11TOBOro rnnmrna 6nl130K K onTHMaJibHOMy. B 
TaKOM TOnmrne '-ICTKO npOS!BJIRCTCR CBH3aHIIOC 

23 

C cpaKTOpOM pa36aBJICIIIISI YBCJil,I\.JCHl!C cpmoe11ca Hdi 

TpOIIOB Ja HMTIYJ1bC, 3 CTICKTJ) 11 BpCMll )l:(1131!11 MrHO­

BCHHblX HCihpm10B OCTalOTCll eme TIITIH'-!Hb1MJ1 ,!l,JIR 

6b!CTpblX peaKTOpOB. Pearn-op B 3TOM cny'-!ae 11MCCT 

cpaBHl1TCJibHO He60Jihilll1C pa3MCpbl, 11 cpopM11posa­

HIIC 11MTIYJibC8 ,!l,CJICHHii B HeM 38 C'-ICT TCTIJIOBOro 

pacrnHpCHl1H HC sc-rpe•rneT cyll(eCTBCHHblX 3a-rpy,n.HC­

Hl1H. 811,!l, A3 peaKrnpa El1fP s ocesoM ce'-ICHHH no­

KaJaH Ha p11c. 1. 

P11c. l. 811,u A3 peaKTOpa EJ1I1> a ocesoM ce'-leHJm [3]: l - llM­

nynhCHblH 6noK: 2 - HCfiOllBIDKHblH 6noK A3; 3 - KOpnyc 

A3; 4 - KOHTCW.Hep ,Uilll o6nY'-faCMblX o6pa3UOB; 5 - 6noK 

rpy6oro peryn11posam1J1 peaKTJIBHOCTa; 6 - 6noK TO'-IHOro 

perymtposaHllil peaKTHBHOCnt; 7 - KO)Kyx OXJla)l(JleHllil; 

8 - OCCBM nonOCTb; 9 - TOfiJIHBHblC KOJlbUa A3 

PeaKTop EHrP He 11MecT o-rpa)KaTensi. A3 peaK­

Topa COCT011T 113 TpCX 6JIOKOB: HeTIO,!l,811)1{H0H '-!8CTl1 

A3, 6noKa rpy6oro pcrym1posaH11.R pcaKrnBHOCTH 

11 6noKa TO'-!Horo pcryn11posamrn peaKTHBHocni. 

B coMKHYTOM cocTOH111111 A3 11MeeT B11.lJ. nonoro u11-

JI11ttJlpa BbJCOTOH no TOTIJil1BY 67 CM, c BHeWHHM 

11 BHYTPCHHHM ,u11aMe-rpaM11 76 11 18 cM. OpHe1-1rnu1lll 

UHJIHH.D.pa BCpT11KaJJbH8.SI. 

Ka)K,!l,bltt 113 -rpex 6noKOB A3 Ha6paH H3 ccKu11i1 

B BH,Ue ,!l,11CKOB BhICOTOtt 6 CM. C UCJiblO H36C)l(aIJH.R 

60JibWIIX TCpM11\.JCCKl1X 1-1anpR)KCHl1H CCKUHH pa36H­

Tbl Ha K08KCHaJJbllblC KOJlbU.8 C TOJil.l.(l1HOI1 B pa,!l,11-

aJlhHOM HanpaBJIC111111 3-5 CM. Me)K.ny KOJibUaM11 no 

pa.nuycy II BblCOTC HMCIOTCR 3a30pbl, ,uOCTaTO'-!HblC 

,!l,J!Ji cso6o.nttoro TCTIJIOBOro pacwHpCHli.SI. B CCKU.HllX 

Ka)K,!l,OC ypaH-rpatjJHTOBOC KOJibUO CJiy)l(MT onopoi1 

,!l,JIH COCC,!l,HCro BHYTJJCHHero KOJibUa. BHCIJlHHe KOJib-



ua CCKUHH pacnonO)KCHbl Ha KOnbUCBblX onopax llJ 

HCp,KaBe!Oll.(CH crnm1. flnOCKOCTb onopbl Ka)K,U0ro 

K0nhua BhrnOnHCHa Ha ccpc,n,rnc cro BblCOTbl; JTIIM 

HCI<.n!OLJaCTCjj nocrynaTCRbH0C ncpcMell.(Cl!l1C KOnCll 

B 0CCBOM HanpaBnCHl1H np11 HarpcBaHIUI T0CTJIJ1Ba 

(11 no.D,cKoK Koncu Ha onopax, ecm1 6h1 pa:mrpes A3 
conp0B0)K.D,anCSI .D,HHaM11'-leCKl1MH Jcficj)cKTaMH). 

I1cnonhJOBaHHaJI B peaKTope EIIrP KonhUCBM 

crpyKTYPa A3 co cso60,'l11011 no.D,sccKoit Ka)K.D,oro 

3nCMCHTa ncpB0l13'-laJlbH0 6btna pa:1pa60TaHa HMCIIHO 

.D,AA JTOH ycrnH0BKH. B np11MCHc111111 K peaICTopy c A3 
113 ypatt-rpaqiHTOBoro T0nmrna TaKaSI K0HCTpYKU1151 

npe.D,CTaBJUICTCSI HaH6onec Ct.'TeCTBCHHOH H .D,3iKC 6cJ­

anbTCpHaTHBHOH. B pcaKTopc c A3 HJ xpynKoro m1c­

nepcHoro MaTcp11ana 6hino 6b1 rpy.nHo pcan113osaTb 

c11nosoe Kpenncm1e A3. KpoMe Toro, BCTpeTHJ111cb 6b1 

6om,urne TPY.llH0CT11 np11 HJfOTOBJielllm MaCCl1BllblX 

TOilJlliBHbIX ,lleTaJleH c rpc6ycMblMl1 CBOHCTBaMJI. 

Eonee pa3scpHyraJ1 K0HCTpYKTl1BttaJ! cxe~rn pc­

aKTopa EI1r P npc.ncrasneua Ha p11c. 2. Heno,nBH)l(ttan 

'-!aCTh A3, 6JIOKl1 rpy6oro 11 TO'-IHOro pcryn11posaHJ,!jj 

pcaKTlfBH0CTl1 3aKmo'-leHbl B C,llHHblH rcpMCTll'-IHh!H 

Kopnyc, JanonHeHHbIH reJil!CM, C UCJlhlO npe.D,OTBpa­

ll.(CHl1J! 01rncneH11J1 11 paCCThlJlCHHSI Tonm1Ba. Kopnyc 

Il3 11ep)l{aBClOll.(CH CTaJIII paCC'-ll1TaH Ha H36bITO'-IHOC 

.nasnett11e 0,03 MTia. OH coo6waeTcn c pcc1rnepoM 

o6bCMOM 3,5 M3
, pacnoJIO)l(CHHb!M B peaKTOpHOM Ja­

ne. CsJ!Jh c pec11scpoM npcnucTByeT no.D,bcMy .nas­

neHHJ! B K0pnyce B MOMCHT m,mynbca Bb!UIC .nonyc­

Tl1M0ro ypoBHJ!. B UCJIJ!X 06ccne'-ICHI-UI .D,0nroBC'-IHO­

CTl1 Kopnyca CBapHb!C WBbl B 30Hax 60JibUil1X TCpMH­

'-ICCKIIX HanpR)l{CHlfH HCK.nlO'-ICHhl 6naro.D,apJ1 npHMC­

HCHl1IO llITaMTT0BaHHb!X .D,HHll.(. C JTOH )KC UCJlb!O 

BHYTPCHHJ!J! rpy6a repMCTl1'-1.HOro Kopnyca COC,llHl-iC-

1-1a c Kpb!WKOH Kopnyca nocpe,nCTBOM rn6Koro K0M­

nettcaTopa. 

Hcno.D,Bl1)1{Hb111 6noK A3 no.nscUicH tta '-!CTbtpex 

K0nOHHax, 3aKpenJICllllhlX Ha onopHOM ITJ111TC. bJlOK 

TO'-IH0fO pcryn11posamrn HIDKIIIIM onopHblM CTaJlb­

HbIM KOJlbUOM UiapH11p110 n0.D,BCWCH 8 '-!CTbipex T0'-1-

Kax K .D,B~I .ll~taMerpaJJbHO pacnoJl0iKCHHbJM aepn1-

Kanb1IO no.nsmKllblM llITaHraM. OJIOK rpy6oro pery­

m1poBaHl1J! wapH11p110 on11pacTcn Ha pom1K, JaKpen­

neHHhIH BO BT0poi"i WTa11re. YKaJa!IIJaSI D0.D,BCCKa .D,0-

nycKaCT CB060.n11oe TCTTJIOBOC pacwHpett11c JJICMCH­

T0B A3. B u:eJUix repMCTl138UJIII KOJIOHHbl 11 WTaHrll 

CBJ!3aHbl C KopnycoM C n0MOll.(blO CHJibC}.lOIIOB. 

bJlOKl1 rpy6oro II TO'-!H0ro perynHpOBaHJrn MoryT 

ncpcMell.(aThcn B sepT11KaJihH0M 1-1anpasnc111111 Ha 6aJe 

145 MM. CBJ!Jb 11X C .llBHraTCJlHMH ocyll.(CCTBJISICTCll 

nocpe.D,CTB0M JJlCKTp0Martt!lT0B. BblKnlO'-ICIIHC T0Ka 

B ::rneKTp0MarHl!TaX Bbl3hIBaCT na,'].CHlfC 6JIOKOB 11 6bl­

crpoc 3arnymc1111e pcaKTOpa (asapm1Hb111 c6poc). 
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KI1HCT11'-ICCKall J11eprmr, np1106pcracMaH 6110KaM11 

npH na.D,Cll11li, faCHTCH MaCJIHHblMH ,llCM□qicpaM11. 

McxaHH3M nepeMCll..(CHIUI 6JIOKa T0'-1.HOro pcry­

n11p0B8HIIJ! o6ecneLJl1BUCT CK0pOCTb .llBJi)l(CHJrn 0,2 
11 5 MM/c. CKopocTh nepcMell.(emrn 6noKa rpy6oro 

perynJJpOl:SaHHSI - 0,5 MM/C. I1r.rnyJ1bCHhlH 6noK Bhl­

llOJIHCII H3 HCp)KaBCIOll.(CJ1 CTaJIJ1 B B11llC T0HK0CTCH­

HOfO nonoro uwrnH.D,pa. 

Puc. 2. KoHcrpyKTHBHllil cxeMa pea"'Topa ElffP [4]: 1 - K0-

lK)X 0XJJalKnemlJl; 2 - repMe1l1'-IHblH K0pnyc; 3 - K0MneH­

carop Tennoeoro pacw11pett11J1 Kopnyca; 4 - ue11rpam,11al! 

1-py6a Kopnyca; 5 - oceeoii KaHan, 6 - KOHTettttep; 7 - 11e­

n0!lBHlKHall '-laCTb A3; 8 - wap1111p11a.s1 noneecKa; 9 - onop­

Han Kono111-1a Hell0./lBlllKH0H '-18CTII A3; 10 - fomK T04H0ro 

perym1poBaH1-U1 peaKTHBH0Cnt: 11 - WTattra 6.rJOKa T04H0-

ro perym1poea11Hl!; 12 - 6noK rpy6oro perym1ponaHt.u1 

peaKrneuocrn; 13 - onopttbltt po1111K 6noKa rpy6oro pery­

m1poea1111l!; 14 - HMnynbCHblH 6noK: 15 - JKene306eTOHHOe 

nepeKpb1rne; 16 18 - rpaeepcb1 6noKoe peryn11poeaHHl! 

peaKTtiBH0CTH; 17 - .ue1,mq>ep MaCJIJlHbltt; 19 - T0JIKaTenb 

HMIIYilbCH0ro crep)KHJI; 20 - IUIHTa 3a.t.LJ.HTHrut; 21 - onopHaJI 

K0il0I-lHa, 22 - CIIIlb(pOHhl; 23 - f"d30npoeo,1l; 24 - pec11eep 

PcaKTOp pacno110)KCH B UCHTpC 3aJia pa3MCpOM 

( 11,5 x 10 x 8) M Ha Bb!C0TC l ,7 M OT nona. TOJlll.(HHa 

)l(CJlC306CTOIIHblX CTCH Jana 2-3 M, llOTOJIKa - 1,3 M. 

YnpaBJICHHC peaKTOpo111 ocyll.(CCTBJUICTCR HJ nynhTO­

BOTT, pacnOJIO)KCHHOH B pcaKTOpH0M 3.D,am111. 

O6ll.(aJ! r.iacca ypa11-rpaqi11rnaoro rnnmma B A3 
cocrnBJUICT 833 Kr: B Hcno,ns11)1(Hott '-!aCT11 A3 - 497 Kr, 

B 6noKax rpy6oro H T0'-!Horo pcry11Hposamrn - cooT­

BCTCTBCHIIO 242 11 94 Kr. Macca ypaHa B A3 paBHa 

445 Kl. 

I13MCpC11HOC MCl O.D,0M a-Pocc11 J!pq>CKTl1BHOC 

Bpc~m )1(113Hl1 MrH0BCliHblX HefrrpOIIOB paauo 3,6· 10-7 c, 



pac'-ICTHOe /3J<I> - 0, 78· l 0-2
. Onpe}lenCHHbltt no cpopMC 

HMnynbca .neneHm1 Kl38311CT8Tl1'-ICCKUH K03<pQ)I1Ul1CHT 

rawcum1 peaKT11BHOC1.11 paseH - 0.089· 10-2 /3,cJ> M)].')1(-
1
• 

TTOJlHhlC BKna.!ll,1 B pcaI(THBHOCTh peaKTOpa 6nOKOB 

rpy6oro 11 TO'-IHOro peryn11poaaHw1, a TaIOKe 11M­

nynbcHoro 6noKa, COCTaBJlHIOT COOTBCTCTBCHHO 18.5; 
5,4 11 0,85 /3,<1>· )].om1 noroKa HcihpoHOB B cncKrpe c 

3Heprnci1 Bhiwe 0, l M:iB cocrann»eT - 0,70 n ueHrpe 

A3 11 - 0,76 Ha BHCWHeH nOBCpXHOCTl1 KOiKyxa. 

Cpe,nHRH 3Hepnu1 HCHrpOHOB B Tex )KC T011K3X - 0,56 
11 0,77 M3B. 

Bnn.uy cpaBHHTCflbHO 6onbWOH )lJlHTCJlhHOCTH 

11MTTYJJbCa MCXUHl1'-!eCKJ1e HanpR)l(CHHH B A3 El1rP He 

.nocT11raIOT onaCHoro ypoBH». <DaKTopoM, orpaHH'-111-

BalOWHM 3HeproBbI.D.CJ1em1e 3a HMnyJJbC B El1fP, HB­

JJRCTCR TCMneparypa TOnmrna B Ha116once pa30rpCTOH 

o6naCTl1 A3. TipHWITO, '!TO np11 '.:)l(CTTJ1yarnu.11u pcaK­

TOpa )Ta TeMnepaTypa HC }lOIDKHa Bb!XO.U11Th 38 npe­

,UCJlhl 1000 °C. 

<DopMHpOBaHHC HMTTYJJhCa .n.eneHHH B pcaKTOpe 

EJ1f p MO)KCT OC)'lli.CCTBJlHThCH KaK 3a Cl.JCT TCCTJIOBOfO 

CaMOraIUCHHH 1136blTO'-IHOH peaKTHBHOCTl1, TaK 11 ny­

TCM .nononHHTeJJbHOrO H3MCHCHHR peaKTl1BHOCTl1 

C noMOWblO 6JJOKOB pcryn11poaaHl1R. 

PeaKTop EHTP pa6oraeT B pc)lrnMax: HMnynhc­

HOM C OCTaHOBKOH HMnynbCHOro 6noKa B A3, 11M­

nyJihCHOM C npoJICTOM HMTIYJJhCH0ro 6JJOKa '-1epe3 A3, 
KBa31111MTTYJihCHOM 11 CTau110HapHOM. C nOMOWblO 

Cl1CTeMbI ynpaBJICHl1H 11 3aW11Thl MO)l(HO no 3apaHee 

COCTaBJJCHHOH nporpaMMe 113MCW!Th cjJopMy 11MnyJlh­

ca, 3HeproBhl,llCJleHl1C B n11Ke 11 XB0CTC 11MTTYJlbCa, 

yp0BCHb M0WH0CTH KBa3HHMnynhca H .upyrne xapaK­

repHCTHKH. 

B n epsoM pe)KHMe HMnynhCHbIH 6JJoK ocTaHaB­

JJHBaCTCR B TO'-!Ke ero MaKCl1MaJlhHOro 803.D.CHCTBHR 

Ha peaKTl1BHOCTh. B MOMCHT OCTilH0BKl1 6noKa npo­

H3B0.D.11TCH 3anycK HMnynhCHOro HCHrpOHH0ro fCHe­

paTopa, .na10wero tta'-!ano caMono.n.uep)KHBa10wci1cR 

uenttoii pcaKu1111 .ncnctt11i1. MoMeHT BbIJJ.8'-111 c11rnana 

Ha aaap11ttHhIH c6poc KOppenttpyer c MOMeHT0M 3a­

nycKa rcHeparopa HCHrpOHOB. OH MO)l(CT BbI,LlaBaTbCH 

CHHXpOHHO C nycKOM reHeparopa (C11HXpOHHbIH 

c6poc ), onepe)l(aTh ero ( oncpe)Ka1ow11it c6poc: 11c­

nonh3YCTCH speMH onepe)l(CHI-IR 43 MC) 11Jlll 6hlTb 33-

.n.ep)l(aHHhlM (3a.ncp)l(aHHhlH c6poc ). 

PC)l(HM C nponcTOM 11MnyJJhCHOro 6noKa '-1Cpe3 

A3 H33bIBaCTCH npOJJCTHblM. l1HHU1111pOBam1e HM­

nyJJbCa ,llCJICHl1H B '.:)TOM pe)f(l1MC M0)l(CT OC)'lli.CCTB­

JUITbCH KaK C nOMOWblO HCHrpOHOB OT BHCUrnero HM­

nynhCH0rO rcHcparopa, TaK II c nOMOillbl0 3H caMoro 

pcaKTOpa np11 MOIUHOCTl1 nop».nKa 10 BT. 

TTp11 11H11u,1111posa1-11111 11Mnynhca ,ncJ1eH11tt OT 

HCKrpOHHOro rcttepaTopa o6bI4HO 11Cn0JJb3YCTCH O.D.-

HO 3HU4CHl1C r.iaKCHMalll,HOH i,n6hJT0 1Hl()H pca KTilf!­

HOCTII, ,.clOCTl11UCM011 B npoueccc npoJJent mtn),.1bC­

H0I'(l 6J10Ka '-1Cpc3 A3: 8.1 · 10-! ~YP· Ornll'-IHC no yp01:1-
HRM :meproBbl,LlCJJeHl1» 3a 11MTIYJibC ,llOCT11raeTCH nyreM 

.H3MCHCHIUl MOMCHTa cpa6aTbIBaHJUI. reHcparnpa. 

B cny<iae Me.n.neHttoro npoJJera 11MnyJ1hCHorn 

6noKa Ycpe·! A3 napaMeTpbI n11Ka 1-1Mnynhca cosna­

.ua10T C T3K0BhlMl1 B pe)l(HMC C OCTaHOBKOH 6noKa, 

a XB0CT m,myJlbC3 YMCHbIUaCTCH 3a c•IeT CHl1)l(CHl1H 

peaKTl1BHOCTl1 A3 np11 BbIJJCTC 6noKa. Tip11 6h1crpoM 

npo.llCTC HM0YJJbCHOr0 6noKa '-1CpC3 A3 napa1v1erpbl 

m1Ka IH-lllYJlbC3 CHM)l(alOTCH B cpasuemrn C TC~!II, '-ITO 

pean1ny10TCH B pC)K}fMe C OCTaHOBKOH 6JJOKa B A3. 
CHH)KeHl1C napaMerpoa o6bHCHHeTC51 TeM, '-!TO B 3TOM 

cJJyYaC 11MnynbC HC ycncsaeT pa3B11TbClI K M0MCHTY 

,llOCTl1'lKCHl151 MaKCHMyMa peaKTHBHOCTl1. 

B nycKax, op11cHT11poaaHHhlX Ha re1-1ep11posaH11e 

He60JJbWl1X HMnynbCOB (MHIIH-HMnyJJbCOB), raWCHIIC 

pcaKTIIBHocrn 113-.3a npoJJera 6noKa .ssn»eTCH npcsa­

J111py1ow11M. 3ra oco6eHIIOCTb Kl1HCHIKl1 nponeT11oro 

pe>KHMa np11)].aCT peaKTOpy HOB0C Ka'-!CCTB0, HC .noc­

T11')1(1l.M0e np11 cpopM11posam111 11MTIYJJbCa TOJlbK0 33 

C'-ICT CaMoraweHHR: B03MO)l(HOCTh 11'3MCHCHlf51 B .D.C­

CHTKH pa3 3HeproBbl.D.CJICHl1lI 11 aMIIJlHTY.Llbl HMTIYJlb­

COB npH npaKTl1'-ICCKl1 HCl13MCHHOH 11X ,llJ111TeJJbH0CTl1. 

l1MnyJibCbl, reHep11pyeMhlC np11 6b1CrpOM npOJJCTC 

11MnynbCHOro 6noKa, no cywecTBY, He 11MClOT XBOCTa. 
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CKa.JaHHoe Bbrwe o .nsyx pe)l(HMax pa60Th1 peaKTO­

pa 611rP 11JJID0C1p11pyerc» )laHHblMH p11c. 3 H ra6JJ. l. 

100 c--"'T"-:-:---,,--..-----------
5 , 1-4 
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BpeMJI, Mc 

Pnc. 3. <lJopMa Hr.rnynhca .uenettHil np11 pa3JU14Hb1X pe)KH­

Max pa60Tbl peaKrnpa [4]: 1. 2 - B pe)KHMe c OCT8HOBKOH 

HMTTYJlhCHOro 6noKa s A3. cooTBeTCTBeHHO, c c1rnxpoHHOH 

11 onepe)K8101Uetl KOM8H.UOH Ha c6poc 6noKOB EfP 11 6TP; 
3 - npl{ Mew1e»HOM npone-re 11Mnynbcnoro 6noKa •1epe3 

A3 11 CHHXpOHHOH KOM8H.ll0tt Ha c6poc; 4, 5 - np11 6bICT­

poM npo;1eTe IIMIIYJlbCHOro 6noKa '-!epe3 A3 C I11111u1111po-

83HllCM OT CHJlbHOrO (IO BT) llCTO4HHK8 3H 11 OT tteH-rpOH­

HOro retteparnpa (npH OTTTllMaJlbHOM MOl\leHTe erQ..cpa6a-

lbl88HH}I), COOTBeTCTBeHHO; 6 - MHHH-llMllYflbC 



Ta6m1ua l 

XapaKTCpHCTl1KH HMilYJlbCOB )].CJ1CHJ111 np11 pa3m1':!Hb!X 

pe){rnMaX pa6oTbl EIIrP (1,f36hITOlfH8}l pcaKTHBHOCTh paBHa 8, l · 10-2 
~ )<P = con st) [ 4) 

3HeprOBbllle- llhip1rna TTonHoe :mepro-
neHHe s rutKe ll11Ka Ha MOUlHOCTb Bhl.lleneH11e 

Pe)KJ1M pa6oTbl 11Mnynbca Q5. nonos11tte B n11Ke. fBT B 11.Mnynbce Q, 
M.ll.)K Bb!C0Thl, MC M)],~ 

C ocTaH0BK0fi 11MITYJlhCH0ro 6;10Ka s A3 
C11HXpOHHhlH c6poc 6JIOKOB 
rpy6oro 11 T04Horo perym1po- 160 
BaHU.SI 

Onepe*a1om11i1 c6poc 6noKOB 
rpy6oro 11 T04ttoro peryJ111po- 160 
BaHl1ll 

Me.nneHHhlH npu 0llTllMaJlhH0M 
M0MeHTe cpa6arhrnamui ttefi- 160 
TP0HH0ro retteoaT0Pa 
DhlCTJ)blH npH 11Hl1U1111p0BaHIIH 

160 
Ha M0ll.lH0CTH IO BT 

nhICTJ)bIH np11 011T11MaJ1bH0M 
M0Me1ne cpa6aTh!BaHMll tte.fi- 130 
mo11ttoro retteoaTooa 

Db!CTJ)bltt np11 He0!lTl1Ma.JlbH0M 
M0MeHTe cpa6aTbl8aHl1JI. Heil.-

3 :5 Q6 :5 130 
-rpottttoro retteparnpa (M11tt11-
11MllYnbc) 

B ueJUIX npOH3B0)].CTBa MOll(HhlX HMilYJibCOB 

11-, y-H3JIY'-leHHH )].Jll1TeJibHOCTblO OT 0,5 .uo 10 C Ha 

pcaKTope BJ.1f P p83pa6ornH 11 BBe.ueH B 3Kcnnyarn­

UHIO KB831111MilYJlbCHblH pe)l(l1M, np11 KOTOpOM 11M­

nynbC .uenett11it re1-1epHpyeTc» Ha 3H. ¢opM11posatt11e 

11M□YJibC8 np11 3TOM ocyruecTBJlllCTCH 111160 TOJlbKO 3a 

C4CT caMoraUJeH11SI peaKTHBHOCTl1, n1160 C riacT11eM 

BKJia.ua OT ,ll.B11)1(eHlUI 6JIOKOB rpy6oro 11 TO'-IHOfO pe­

rymtpoBaHWI. B KB831111MilYJibCHOM pe)l(HMe pean11-

3YfOTCSI IlOJIHOMacwrn6HblC no :mcproBbl)].CJICHHIO 

11MilYJibCbl ,ll.J111TeJibHOCTblO OT 0,5 ,ll.O 10 C C KOJIOKO­

JI006pa3HOH, np116J111)1(CHHO -rpeyroJlbHOH 11n11 np»­

Moyronbttoit cpopMoit. 

PeaKTOp EHrP MO)l(eT pa6ornTh TaJOKe tta cTa­

u11ottap1-1oit MOll(HOCTII B Te'-JCHHC npo,ll.0Jl)l(l1TCJlbHOfO 

(.no cyroK) BpeMeHH. MaKCl1MaJibHa51 MOll(HOCTb np11 

pa6oTe El1TP B CTau110HapttoM pe)l(HMe ycrnHosnetta 

paBttoi1 500 KBT. 

3tteproBbl,ll.CJICHHC B MaKCl1MaJibHOM .uonycnt­

MOM .um 3KcnnyarnuH11 HM□ynhce .ueneHHH Et-ffP 

paBHO 300 M)],)I( ( l · 1019 
,ll.CJlCH11H). 3TOT HMilYJlhC 

11MCCT CJlC,ll.j'lOW:HC napaMe-rpbt: 

TcMnepaTypa B Ha116onee p83orpeToi1 

o6nacrn A3, °C . . . . . . . . . . . . . . . . . . . 900 
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2,28 65 280 

2.28 65 230 

TiooneTHhlfi pe,K11M 

2,28 65 200 

2,28 65 160 

2,32 50 130 

4,5-2,3 0,5-50 3 :5 Q :s; 130 

¢moettc HCHTIJOHOB, ttei1-rp. · CM-
2 

- B OCCBOH IlOJlOCTH .............. 1,2-10
16 

- OKOJlO 6oKOBOl1 IlOBCpXHOCTl1 A3 . . 1, 1 · 1015 

,Uo3a y-113nyqettH51, rp 

- B OCCBOH IlOJIOCTH . . . . . . . . . . . . . . 3,3-10
4 

- OKOJIO 60KOBOH IlOBCpXHOCTH A3 . . 2,4· 103 

¢opMa, .UJ111TeJihHOCTh 11 M8KCl1MaJibHaH MOW:­

HOCTb HMTIYJlbCa onpe.uenmOTC51 BbJ6opoM pe)l(J1Ma 

pa6oTbl peaKTOpa. B caMOraCHW:CMC51 HMilYJibCC C 

YKa38HHhlM :meprOBbl)].CJlCHHCM w11p11Ha HMilYJlbCa 

Ha IlOJlOBl-!He BblCOTbl 11 MaKCHMaJlhHaH MOll(HOCTb 

paBHbl - 2 MC 11 75 fBT. BpeM51 oxna)l()].CHH51 peaKTO­

pa nocne 11Mnynbca c 3HeproBbI,ll.eneHHCM 300 M,U)K 

paBHO 24 4. 

2. YpaBHCIIHH ,llHH3MHKH peaKTOpa 6HrP 
H HX pelUCIIHH 

IlepBOH8'laJlbHblC paC'!CTbl ,ll.11H8MHKl1 ypaH-rpa­

!pl1TOBbIX peaKTopoB, BblilOJIHeHHblC ew:e B 60-e fO,ll.bl 

npownoro crnnem51 (KonecoB B . ¢., 1964-1965 rr.), 
11MCJIH UCJlblO, B nepBYfO 04Cpe,ll.b, ycTaHOBJ1CJ-111e Ka-

4CCTBCHHblX 3aBHCl1MOCTCl1 napaMCTIJOB TaKOfO peaK-



Topa OT rcoMeTp11'-leCKl1X 11 MaTCpllaJJhHb!X CBOllCTB 

A3. B JTHX pacyernx He 6b!J1 y'-!TeH psJJ. cpaKTopoa, 

KOTOphIC B03}].CJICTBYIOT Ha xapaKTCpl1CTHKl1 HMnyJib­

COB JJ.CJJCHHH, HO nBMIOTCH cn11U1KOM np1maTHOH 

np11Ha)lJ1Cn<HOCThlO KOHKpeTHOro HMnyJihCHOro peaK­

TOpa. He 6b1J10 Y'-lTCHO, Hanp11Mep, HaJJl1'-111C B pcaK­

Tope Kopnyca 11 KO)Kyxa oxnaiK.uemrn, nona.ua1111c 

B A3 11efrrpo110B, OTJ)8)KCHHhIX OT CTCH 3aJla H OT pc­

aKTOpHoro o6opyJJ.OBamrn, OTJ1H'-111C peanbHblX MCXa­

HHlJCCKl1X 11 Tennocp11311'-!CCKl1X CBOl!CTB MUTep11ana 

A3 OT cao11crn rpacp11Ta. 

B npHMe11eH11u K EHfP B. <D. KonecoBbIM co­

BMCCTHO c 3. M. ba)KCHOBhIM, no3JJ.Hec c B. X. Xo­

PY)Kl1M npoBC)lCHbl 3Ha•mTCJlbHO 60JICC 6JJ113K11C 

K HaTypHblM ycJJOBl151M paCYCTbl HCl1TJ)OIIHblX ti JJ.H­

HaM11YCCKl1X xapaKTep11cT11K peaKTopa. Ha116once 

TO'-IHbIC paC'-!CThl }].1IH8l\ll1Kl1 El1fP BhlilOJJHCHhl Ha 

OCHOBC MCTOJJ.IIKH, BKJllO'-latOIUCH a.neKB3THblH Y'-ICT 

HCHTJ)OHOB, OTJ)a)KeHHhlX OT CTCH 3aJJa. peaJJbllYIO 

3aB11Cl1MOCTh TCnJIOCMKOCTl1 11 KOJq:>cp11u11cHTa Tenno­

Boro pacU111pemur MaTcp11ana A3 OT TeMncparypbI, 

lli11J)OKOC HCnOJib30BaHl1C MCTO,lla MoHTc-Kapno }].Jl51 

onpeJJ.CJICHJUI napaMCTJ)OB MfHOBCHHhlX, cp11311YCCKl1X 

3aml'.3)lb!B8l0lll11X 11 OTJ)a)KCHHblX HCHTJ)OHOB. Bnilli­

HHC OTJ)a)KCHHblX HCHTJ)OHOB paCC'-111Tb!BaJ111 C nOMO­

lllbtO KaK np116J1Ji)KCHHOro, TaK 11 6onec TO'-IHOro an­
rop11TMa, OCHOB8HJIOro Ha MaTeMaTtr4CCKl1X MCTOJ].aX 

1111aap11aHrnoro norpy)KeH11R 11 MoHTe-Kapno [6, 7]. 
B nOCJJC}].HCM cny'-!ae Kl1HCTl1Ka 6ny)KJJ.aHmi HCl1-

TJ)OHOB BHC peaKTOpa Oill!Cb[BaJJaCh C nOMOU{blO 

q:>yHKUliH A ij(t). KOTOpblC 11MCIOT cp11311'-ICCKl111 CMb!CJl 

noTOKa HCl1TJ)OHOB rpynnhI i, HHTerpaJJhHOro no Ha­

npaBJJeHJUIM JJ.811)KCHl1R, B MCCTe pacnOJJ0)KCHl151 pc­

aKTopa, 113JJY'-IHBUlero_ 0..'ll1H HCMTJ)OH rpynnhl j B MO­

MCHT l = 0. TioTOK Alj(l) npeJJ.CTaBJIJlJlCR B B11,lle C)'M­

Mhl IlOTOKOB HCHTJ)OHOB, JJ.Bl1n<yw11xcR no TJ)aCKTO­

p11RM, KOTOJ)ble 1130TJ)OilHO Ha'-111Ha10TCR B MCCTe pac­

nOJIO)KCHJ151 peaKTOpa 11 3aKaH4MBaJOTC.Si TaM )KC. Xa­

paKTep11CTl1Kl1 O,llHOKpaTHO OTJ)a)KCHHblX HCHTJ)OHOB 

paCC'-IHTblBaJJl1Cb .LlJ151 pea.JJbHOH reOMCTJ)HH Jana, 

a xapaKTCp11CTl1KH /l-KpaTHO OTJ)U)l{CHHblX HCHTJ)OHOB -

C IlOMOWh!O COOTHOU1CHJ111, np11MCHllMhlX K 3aJJY 

ccpep11crccK011 cpopMbt. TTp11 JTOM pa.n11yc ccpcp11cre­

cKoro 3aJJa Bb1611panc51 li3 ycnOBH.Si paBCHCTBa Jcf>cpeK­

HlBHblX t].0JlCl1 OJJ.HOKpaTHO OTJ)a)KCHHblX HCI1TJ)OHOB 

B peanbHOH 11 ccpcp114CCKOM reoMCTJ)l1.SiX 3ana. 

ill11pOKO 11CilOJlb30BaJlC51 T8K)KC '-!HCJJCHHblH llTC­

paU1-JOHHbll1 MCTOJJ. peweHIUI HHTerpanbHblX ypaBHC­

HHH KHHCTHK11 AMP, ccpopMynHpoaaHHhlX a paMKax 

OJlHOT04C'-IHOH MOt1.en11. MOIUHOCTb AI1P s :noM Me­

TO.ll.C onpe.ucn5111acb 113 ypaaHeHJrn 
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t 

n(t)= f G(t,~)n(~)d~+Q0 (t) 
to 

t 

n(t) = f B(yt)k(~)11(~)d~, 8(11) = G(t,~)/k(~), 
to 

(I) 
l)=t-1;, 

rae C(t,1;) - CKOJ)OCTh BTOpli'-!HbfX J].CJ1CHl111 a MO­

MeHT BpeMeHH t, Bbl3BaHHhlX O)lHHM nepB114HhIM .ne­

RCHl1CM B MOMCHT I;. 
TTp11 pelllCHl1H ypaattett11.sr (l) <PYHKU.HH B(l)) 

npencTaBJ151eTC.Si cyMMOM. 4CTblpex cnaraeMhIX, CBj{-

3aHHhlX C 6bICTJ)blMl1 HeihpoHaMl1 )lCJlCHHH, C 6bICT­

phlMl1 o-rpa>KeHHblMH, C Met1.JJCHHbJMl1 OTJ)U')KeHHbIMH 

11 c 06hl'rnh1M11 3anaJ11b1Ba10w11M11 uei1TpoHaM11. Ka­

)KJJ.oe H3 3Tl1X cnaraCMblX, B CBOIO O'-!epe,nb, npet1.­

CTaBJ1.SieTC.Si KOHCllHOH cyMMOM JKCTTOHCHU.11aJJbHhlX 

crneHOB. 

l1HTCrpaJibHble ypaBIICHl151 Kl1HCTl1Kl1 YKa3aHHOro 

THna Han6onee 3cpQ)CKTl1BHbl np11 pacqcTe 6bICTJ)O­

npOTCKal0~11X npoucccoa B peaKrnpax co 3Hacr11-

TCJ1bHhIM BJ11151Hl1CM JaMetJ.JICHHbIX HCHTJ)OHOB. 3Tl1 

ypaBHeHl151 nerKO Y'-IHTb!BalOT pacnpeJJ.eJJeHHe HeH­

TJ)OHOB no apeMeHaM )Kl13HJ1, TOr.na KaK Tpa.ll.llUHOH­

HblC MeTO,Uhl onep11py10T Jll1lllb co cpe,nHl1MH BpeMe­

HaMl1 )1{113HH 11J111 reHepau1111 HCHTJ)OHOB. 

B u.enoM ypaBHCHHR JJ.l1HaM11K11 peaKTopa EH.fP 

3Ha'-IHTeJJLHO npowc TaKOBhlX )lJ151 peaKTopa C MCTaJJ­

JlHlJ.CCKOH A3, nocKonbKY rennoaoe pacumpeH11e rn­

nn11BHhIX 3JlCMeHTOB £Hf p OCYIUCCTBJ151CTC51 B OTCYT­

CTBl1C 3cpcpeKTOB HHCJ)UHOHHOfO 3ana3,llbIBaHl1Ji. flo 

BbtnOJlHCHl111 Bcex l1HTerp11poBaHHH 11 cyMMI1pOBa­

Hl1H, conyrcrny10ll.(11X Bb!BO.ll.Y Heo6xo.n11Mb!X COOT­

HOUleHHl1, noJiy'leHo, 4TO C y'-!CTOM TCMneparypHOH 

3aBl1C11MOCTl1 TCnnoeMKOCTH 11 KOJcpq>11u11eHTa TCM­

nepaTypHoro pacU111peH11.sr MaTepttana A3 T04Ha.H 

paccreTHa.H CBR3b KBa311CTaTl14eCKOro raweHilll peaK­

THBHOCTl1 C BblXO.LlOM JHepr1111 B peaKTOpe npe.ncTaB­

J151CTC.Si JaMCTHO HeJ111Hel1HOH cpopMyJJOH (q, M)],)K) 

~p(t) =-8,666· 10-6 q(t)+0,1666 · 10-6 [q(t)]
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-

-5,9·10-12 [q(t)]3. (2) 

B HTore 3a,nacra JJ.11HaMHKH pea1<Topa El1TP cao­

JlHTCR K cneay10mc11 411CJ1CHHO pewaeMOH CHCTeMe 

ypaattett1111: 

dn p(t )- ~ 21 C. (0) = ~ez(O). 
-=---'--'---ll+ "/1.,,Ck: ,. 
d I\ L., • • l\.1k ' t k=I A 



;, = n; n(0) = l; 

Po = 1,078 ~3cli • 

(3) 

fettep11poBaH11e 11MTTYJlbCOB .!lCJleHl111 B pcaKTOpe El1fP, KaK 11 B .npyrnx peaKTOpax, KaK npaBl1JlO, conpo­

B0)1(,!laeTCH (CM. p11c. 3) c6pOCOM 6JIOKOB rpy6oro (EfP) 11 TOYHOro (ETP) pcrym1poaamrn peaKTl1BHOCTl1. Ilo 

3T0.11 np11Yl1HC K cpopMyne (2) .nomt<Ha 6bITb .no6aBJICHa OTJ)11UUTCJibHaH peaKTHBHOCTb, BHOCHMan na.neH11CM 

YKa3aHHhlX 6JIOKOB 113 MX HaYa.JlbHOro _BCpXHCro noJIO)l(CHl1R B A3. Ecm1 CMCll(CHl1C 6JIOKOB OTHOCHTeJlbIIO 11X 

aepxttero noJIO)l(CIUUI B A3 o603HaYHTb KaK s (CM), TO, cornacHO 3KcnepHMeHTa.JlbHblM .n.aHHhlM CTaTbl1 [4], 
YKaJaHHM .no6aBO'!HaH peaKTHBHOCTb, BHOCHMM B CYMMC .!lBYMH 6JIOKaM11, MO)KCT 6bITb C xopowc.11 TOLJHO­

CTblO npe.nCTaaneHa aHa.JlHTHLJCCKOH 3aBHCUMOCTblO 

• (3,56 · 105 
· s5 

- 7,6416 · 104 
• s

4 -l,21296 • 103 
• s3 +] 

Llp ( s) = - f3J<fl = f ( s) . 
+ 3,815211· 102 -s2 + 2,09909127 ·s 

Ilp11 CB060.!lHOM na.nemu1 6JIOKOB cpopMyna 3aBl1Cl1MOCT11 CMell(eHHH OT speMCHl1 3an11Cb1BaeTCH K8K 

2 S = 0,5gt (g - ycKopcHHC c1111b1 DI)l(eCTH), 

T8KHM o6pa30M, 

[ 

- 4 3 l • 3,56-105 (o,581
2 )'-7,6416·10''(o,581

2
) - 1,21296 -103 (0.581

2
) + 

Llp (I) = -
2 

~:xi> = f (I) . 
+ 3,815211 · 102 

( 0,5gt 2
) + 2,09909127( 0.5gt2

) 

(4) 

(5) 

Ilp11 BBO,Ue 3TOM .no6aso•rno11 peaKTJ1BHOCTl1 B cpopMyny (2) cne.nyeT 11MCTb B B11.!lY, '1TO MOMCHT «KOMaH,Ubl 

Ha c6poc» o6hI'1HO He COBil8.!l8CT C MOMeHTOM H8'-la.Jla na,ncHMH 6JIOKOB, ITOCKOJibKY 3JICKTJ)OM8rHHT8M CBOMCT­

BCHHO HCKOTOpoe 3ana3,!lbIB8H11C pea.rihHOro OTJ)b!B8 CBH311 OTHOCHTCJlbHO KOMaH,!lhl Ha c6poc. BbIITOJlHCHHOC B 

pa:3.!lCJIC 6 cpaetteHHe yrOYHCHHblX pact.JCTHhlX 11 3KCnepHMCHTaJlbHblX 11MITYJlbCOB .!lCJlCHl1H □OK838Jl0, LJTO 

HaH6onec y.noeneTBOpHTeJlbHOe HX cornac11e .!lOCTlffaeTCH np11 3H8LJCHHH YKa38HHOrO 38ITa3.!lbIBaHHR, H83B8H­

Horo apeMetteM np11mmam1R Ctnp), 63 MC. 

KpOMC rnro, KOMatt.na Ha c6poc MO)KCT 6hITb He TOJibKO Cl1HXpOHHOH, T. C. COBna.nalOIUCH c MOMCHTOM Ha­

t.Jana HMnynbca, HO 11 onepe)l(aIOll(CH Ha'-lano 11Mnynbca Ha speMR ton• TaKHM o6paJOM B c11cTeMy ypaettCHHH 

(3) cne.nyeT BBO.[ll1Tb .no6aBOYHylQ 0TpHU8TCJlhHylQ peaKTHBHOCTb B B11,!le 

tlp*(t)={f(t+t0 n -tnp)=J(t+f011 -0,063) np11 (t+t0 n -0,063):C::0; 

0 np11 ( t +ton - 0, 063) < 0 
(6) 

(t B CCKyH,Uax). 

B pe3ynbTaTC Bblp8)KCHHe .!lJlll p(t) B ypaBHCHHRX (3) npHHHM8CT B11.U. 

C y<ICTOM coornowcm111 (7) nonttasi c11cTeMa ypaettcH1111 .n11ttaM11K11 peaKTopa EHTP Jan11cbrnaeTCR KaK 

dn p(t)-f3 21 ~kn(0) dC ~ - 21 dq 
-=---'--'-11+ LAlCA; Cd0)=-- ; _k =.....1_11-/\.kCk; ~= L~k; -=n; n(0)= l ; 
dt I\. k=I /\)._k dt I\. k= I dt 

(8) 

() () ()
Ct:\() 3 () {f(t+t011 -tnp)=J(t+t011 -0,063) np11 (t+t0 n -0,063):C::0; 

pt =p0 +B1q t +B2q t \Jq~t;+B_.,,q· t + 
0 np11 (t+f0 n -0,063)<0. 
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Ta6n11ua 2 

OcHOBHble xapaKTep11CTl1Klf JKCnepHMCHTaJJbHhlX 

11 npe.UCTaBJJeHHhlX Ha p11c. 4 11 5 pac'-leTHblX 11Mn)'JJhC0B (pact.JCT - '-111CJla B CK06Kax) 

3tteproah1.nenem1e W11p1ma n11Ka 3tteproab1~ene1rne Ha 
M0l.l..lHOCTb 

Pe)l(j,jM pa6oThI B 1111Ke 11MnyJlbCa Q5, Ha II0Jl0BHHe BblC0ThJ, 
a n111<e, fBT 

nnaTO HMTTYJibCa t.Q, 
M.U)K 

C11HxpoHHbtii c6poc 6no-

K0B rpy6oro 160 
H T0t.JH0ro peryn11poaaHl1ll (167) 
OnepeJKa10m1111 c6poc 

6noKoB rpy6oro 160 
11 T0t.JH0ro perymrpoB8Hl1JI (167) 

JO 
f-
i:o 
t... 
_;; 
ti 
S? 
§ 
0 
~ 

0,1 

96 112 
BpeM/l, MC 

P11c. 4. l1Mnynbc .ueneH1111 JKcnep11MeHTaJihHwi1 H pacct.JH­

TaHHhlH c II0M0l.l..lb!O ypaBHeHHH (8) npH CHHXpOHHOII KO­

M8H,!le Ha c6poc 6noKoa Er P H ETP: l - JKcnepHMeHT, 

2 - pac'ieT 

CpaBHeH11e 3KCnep11MCHTaJJbHbIX 11 paCC'-IJ1TaH­

HblX C fiOM0IW,IO ypaBHCHHH (8) HMil)'JlhCOB np11se­

.UCHO B Ta6JJ. 2 11 Ha p11c. 4, 5. 3Tl1 11Mfi)'JlhCbl C0OT­

BCTCTB)'IOT pe)KHM)' C OCTaHOBKOH 11MTI)'JlbCHOro 6no­

Ka, tta'-lanhHOH pcaKTHBH0CTblO Po = l,078P3cji, c11H-

xpottttoi1 11n11 onepe)l(aJOll{eH c onepe)Kett11eM 43 MC 

KOMatt.non Ha c6poc 6noKos 6fP 11 6TP. 

KaK s11.u110 113 p11c. 4, 5 11 Ta6n. 2. cymccrnyI0-

maJ1 MO.l).CJJh .U11HaMl1K11 peaKTopa 6:VIrP (CHCTCMa 

ypaBHCHHH (8)) C xopoweH T0'-IH0CTblO socnp0113BO­

.U11T 6htCTPOnepCMCHH)'IO <(aCTb 3KCTICp11MCIITaJJhllblX 

11MTI)'JlbC0B .l).CJJCHHH. 3m M0.UCJ!h, 0.UIIaKO, .ua>Ke Ka­

'-ICCTBCHH0 HC socnp011380.l).11T cjlOpMy nnaT0 II ypo­

BCHb M0U.(H0CTl1 I-fa HCM. 8 pac'-!eTHhlX 11Mfi)'JlbCax 

HCT 11 H8MCKa Ha 0CU,HJJJJJIL.1,1111 M0ll{ll0CTH Ha nnaT0, 

MC M.D,)K 

2,28 65 120 
(2.28) (63) (81) 

2,28 65 70 
(2.28) (63) (43) 

f-
c:o 
t... 

10 

.,; 
ti 
S? 
§ 
0 

~ 

0,1 

32 48 64 80 96 112 
BpCMJI, MC 

P11c. 5. l1Mnynhc .uenett1111 JKcnepHMeHTaJihlibitt 11 pacc'iH­

TaHHbIH C □0M0l.l..lbID ypaBHCHHH (8) np11 onepeJKa10me11, 

c onepe)KeHHeM 43 MC K0Mali,!loH Ha c6poc 6noKoa EfP 

11 ETP: l - JKcnep11MeHT, 2 - pact.JCT 

ro. 5lcHo, '-ITO B uem1x 6onee y.uosnernopInenhHOro 

socnpoInse.n.ett111 s pac'-!CTax nnaTO 11Mnyn1,coa He-

06xo.n.11Mo HaHTH KaKttC-T0 11Hbte, OTC)'TCTB)'IOll{HC 

B npe>KHCH MO.l).CJJH BH.Uhl CMCll.(CHHJI T0TIJlHBHbIX K0-

neu 11 UCJJhlX )'3JJOB aKTHBHOH 30Hbl peaKT0pa . .ll,on>K­

Hhl 6b1Tb apryMeHTHposaHHO onpe.ueneHbl 11Jll1 X0TJI 

61,1 HaMe'-ICHhl .upaMBepbl HJ13K0'-laCTOTHbIX CMCll{CHHH 

)'3JJ0B A3, 11MCIOll{J1C CJIC.ZJ.CTBl1CM aHaJJOrH'-IHb]e oc­

I.J,11JJJ151U1111 peaKTHBH0CTl1, CMCll{CHHhlC B CT0p0H)' no­

JJ0>KHTCJlhHbIX cc 3Hat.JeHHH. 

3. ,[(pai-isepbl ocesoro cMewe1rnH 
TOITJIHBHblX KOJleU, 

a BhIXO.U 3HCpnm Ha nnaT0 pac'-leTHblX HMTI)'JlbC0B Ha116oncc BCp0JITHhlMl1 11CT0'-IHl1KaMH 0CUl1JJJIH-

np11MepH0 B nonrnpa pa3a IIH>KC JKCncp11MCHTaJlbH0- pyJOll{CH C HH3K0H '-laCTOTOH K0MTI0HCHThl pcaKTHB-
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HOCTHOH o6paTHOH CB.ll311 B pcaKTopc MOl)'T 6hlTb 

oceable a116pau1111 Ha 11x no.naccKax aepx1-1cro 11 .llByx 

HIDKHl1X 6JIOKOB A3. 
KaK MO,KHO B11.neTb 113 TeKcTa pa.3.nena l 1-1acTO.ll­

UieH CT3Tbll H, B lf3CTHOCTl1, 113 p11c. 2, HeOO,llBH)l<Ha.ll 

BCpXI-lfill '-13CTb A3 Ii BTOpott Hl1)KHHU 6nOK (ETP) 
Kpen.llTC.ll I< onopHbIM UJTaHraM '1CpC3 nocpe,llCTBO 

KOpOTKMX KOHCOJibHOro Tl1na OJIC'-1. IlcpBbJH HJ1)1(1-IHH 

6noK A3 (EfP) Kpem1Tc.ll K onopHbIM np11ao.aaM Ha­

np.llM)'lO, 6c3 nocpe.ucrna KOHconei1. 

YKa3aHHb!C xapaKTCpHCTJ1Kl1 KOHC'fPYKU1111 peaK­

rnpa EMrP .uaioT oc1-1oaa1111.l! .llJI.ll yrnep)K.lleHl1.ll, 'ITO 

'-laCTOTbJ oceBbIX OCUMJIJI.llUIIH BCpXHCro 6noKa A3 11 

ETP, ecmt 6b1 TaKOB&Je B036y)l(.llaJil1Cb, 6&rn11 31-1a•-rn­

TeJibHO MeHbUJHMl1 , 1.feM '-13CTOTa OCUHJIMU.MH EfP. 
He MCKJIIO'-leHO, 'ITO oceBblC CMCUICHMH aepx1-1ero 

6noKa A3 11 ETP HaCTOJibKO HH3KOt.JaCTOTHbI, 'ITO ux 

BKJia,ll B peaKTHBHOCTHYIO 06paT1-1y10 CB.ll3b ycTaHOB­

KM 33 BpeM.ll pa.3BHTl1.ll HMDYJibCa .neneHHH 33MCTHO 

npO.llBHTbC.ll He ycneBaeT. B 3TOM CJIYt.Jae OCUlillJIH­

pyioUia.ll KOMTIOHCHTa pcaKTHBHOCTHOH o6paTHOH 

CB.ll311 6y.ncT onpC}J.CJl.llTbC.ll TOJibKO B116paUH.llMJ1 

HH)l(ttero 6noKa EfP. qTO .neno o6cTOHT, no-BH.llH­

MOMY, HMeHHO TaK, 6yJ1.CT CKa.3aHO HH)l(e Ha OCHOBa­

HHH HCKOTOpb!X np11BXO,llHU111X g>aKTOB. 

C1-1aqana. o.n1-1aKo, cne.uyeT nocrns11Tb aonpoc: a 

'ITO )KC MO)KeT B036y.a11Tb oceBblC B116pau1111 KpynHbJX 

y3JIOB A3, T. e. BCpXHcro 6noKa A3, EfP 11 ETP? 
Ha 1-1aUJ B3rJI.ll.ll, .npai1BcpaM11 oceBbIX s116pau11ri 

Ha3BaHHbJX 6JIOKOB MOryT CJIY)l(l1Tb 113rH6HbIC .nc­

<pOpMaUHH TOOJIHBHbIX KOJICU A3 BCJIC,llCTBHC 1-1eyc­

TOH'-IHBOCTl1 11X pa.n11aJibHOro TepM11'-ICCKOro CMeUie­

HH.ll [8] 11n11 .ne¢opMau1-rn Kopo6nemrn Koneu Bcne}J.­

crnne HeO,llHOPO.lll-lOCTH npOCTf)aHCTBCHHOro pacnpe­

.nenemrn TeMncpaTypb1 11 ycn0)1rneHHOCTH npog>1rndi 

noncpc'iHOro Ce'-ICHH.ll KOneu. (pHC. 6). )],e<popMaUHH. 

npc.ncTaBJICHHblC Ha p11c. 6,6 H 6,B, MOfYT Bbl3blBaTb 

OCCBb!C CMeUICHli.ll TOOJ111BHb!X KOJieu 11 }1.aBJICHHe Ha 

onopttbJC ycTynbl, XOT.ll nocne.nm1e 11 BbinOJIHeHbl Ha 

ypOBHC UCH1J)OB T.ll)l(eCTH. 

Ecm1 6b1 KOnbua on11pan11cb Ha a6comoTHO tte­

no.namKHbie onopbl, YI<a.3aHHblC J1.C<pOpMaU11H pa.3-

rpy)l(aJil1Cb 6bl 3a C'ieT CMCUieHl1.ll KOJICU J,f Jl11H11H 

UCHTf)OB T.ll)KCCTM 11X noncpC'iHblX CC'-ICHHH BBepx. 

B .neikTBHTCJlbHOCTH, 0)].HaKO, B peaKTope 11MClOTC.ll 

HC a6COJIIOTHO )KeCTKJ1e onopbl, a onopbl npy)KHH.ll­

UIIIC, no,naIOUIHCCH B 60JibUJeH HJIH MeHbUJCH CTCTIC­

HH. B 3aBHCHMOCT11 OT )KCCTKOCTl1 00,llBCCKH, BHH3. 

I1pH O'-ICHb M.llfKOH 00)1.BeCKe .necf>opMau1111 TOn­

JIHBHbIX KOJICU npOHCXO,llHJIH 6b! 6e3 CMeUICHHSI 

BBcpx Jll1Hl111 HX UCHTJ)OB T.ll)KCCTH. B peanbHOM pe­

aKTOpe El1f P )l(CCTKOCTb □0,llBCCKH 3Ha'iHTCJlbHa, 

11 pa.3rpy3Ka .nccf>opMau.1111 ocyuiecTBn.llCTCSI 3a C'-ICT 
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0T)l(3Tll.ll npy)KMH Jll1UJb OT4aCTI1. JlnHHH UCHTpOB 

TH)l(CCTH KOJlbU.a B .)TOM CJIYt.JaC B KaKOH-TO CTCne1111 

BCC-Ta1<11 CMCUiaCTCH BBCpX. 

B ycnOBIDlX pcaKTopa f;Hf P c ero aecbMa 3arn­

HYThIM 11M□ynhCOM pacCl\1aTpl1BaCMb!e J.1.C<pOpMau.1111 

TOOJIIIBHblX KOJICU ocymccTBJI.llJOTC.ll, KOHC4HO, KBa-

311CTaTH'iCCKJ1, T. e. 6e3 B036y)l(J1.CHHJI lfX co6cTBCH­

HbIX KOJIC6aHHM:. Ho □0}1.06llblC C)KaTblM npy)KMHaM 

CHCTCMbl IlO.llBCCKl1 y3n0B A3 np11 11x· 3aBC.llOMO 

60Jiblll11X, 113MCpHCMhlX .llCC.llTK3Ml1 11 COTHJIMH MI1JI­

Jll,JCeKyH.ll, nep110.nax Kone6a1-11111 11 B ycn0B11.llx peaK­

Topa £Hf p ,!lCHCTB)'lOT KaK no.nmrnHO .ll11HaMJ1'1CCKHC 

CTpYKTYPHbie 3neMCHThI. 

J13 npe.ncrasncHHhIX Ha p11c. 6 BIIJ.1.0B .necpop1v1a­

u1111 TOTIJ111BHblX KOJICU .npaiiaepaMH OCCBbJX CMell.l,e-

a 

c::::=:::::::, 
<::.:=7 <::: 

6 

B 

Puc. 6. 811,nbl .ue<t>opMau11il TOilJlliBHOro KOJlbUa B CJI)"laHX 

11pOl1BJJeHIUI tteycTOll'-IHBOCTH ero pa.n11a.n&Horo CMelUeHllll 

IIJUI ero Kopo6neHJ-UI: a - npOHBJlCHl-te tteycTOH'-IHBOCTH 

C 113rlt60M KOJlbUa B ropH30HTaJlbHOM ttaupasneHmt; 6 -

npOlIBJteH11e HCYCTOH'-111B0CTH C ll3rH60M KOJlbUa B sepTII­

KaJJbH0;',1 11anpaBJ1eHHH; B - aeTepMllHHpoBaHHOe KOp06JJe-

HIIC KOJlbUa 

--, 



H11H. 6nOKOB A3, KaK y)Ke CKa3aHO. Moryr 6blTh mllilb 

.nccpopMa1.um, np,me,neHHbJC Ha p11c. 6 ,6 11 6,s. Tio­

nhITKa □p5lMOH. oueHKl1 KOnliYeCTBCHHblX □0Ka3aTe­

neH. '.)TJ1X .necpopMaUHH. Ha HaCT05ll.11CM ::irnne 6bma 6bI 

cn111.11KoM rpy.nocMKoi1 1:1 Manoy6e.n11TcnbHOH no pe-

3ynhTaTy. Ha '.)TOM OCHOBaHl1l1 B .nanbHeHWCM 113JIO­

)KeHl111 6y.nyr 11cnonh30BaHbl cne.ny1om11c npe.nnono­

)KeHm1: 

- .necpopMau.1111 TOIInl18HhlX KOJICI.( npo11cxo.nJ1T 

CHHXpOHHO C TCMilOM ax pa3orpcsa B 11M□ynbcax .ne­

nCHl111 11 HC3aBHCl1MO OT npen5JTCTBl15l 11M co CTOpOHbl 

onop 11 C.1-lnbl T5J)KeCT11; 

- see TOilJIJ1BHblC KOJibUa KOHKpeTHOro 6noKa A3 

pa30rpeBalOTC5l O.UMHaKOBO, He3aBHCl1MO OT CJI05l KO­

neu, B KOTOpOM OHl1 pa3MCI.UeHbl; 

- aMnn11Ty.na ocesb1x .necpopMau.1111 Kone!.( npo­

nopu110HanbHa cpe.nHei1 TeMneparype 6noKa A3, 

a Ko::icpcp11u11ettT nponopu11ottanhttOcT11 5JBMeTc5l 

sapb11pyCMblM napaMerpoM, Bb1611paeMh[M 113 ycno­

Bl15l HaJ.1JIYY1.11Cro cornac115l pacYeTHhlX 11 3KCnepH­

MeHTanbHbIX 11MnynbCOB .neneHl1H. 

4. AHaJIHJ peJKHMOB oceBOro CMClUCIUIH 

TOUJIHBHhlX KOJICU H 6JIOKOB A3 

AttanH3 pe)KHMOB ocesoro CMCll.l.eHl15l ::ineMeHTOB 

A3 nepsottaYanbHO np11son11nc51 Ha np11Mepe MO­

.nenbHoro HMnynbca .neneHHH, npe.ncrnsn5leMoro H3-

secTHblMl1 auan11T11YeCKl1Ml1 cpopMynaM11, npHMeHH­

MblMH B cnyyae KBa3HCTaTJ1YeCKHX nepeXO,l],HblX npo­

ueccos B peaKTope C JlHHCH.HOH peaKTl1BHOCTHOH 06-

paTHOH CB5l3bl0. lll11p11tta T Ha nonos11tte BbICOTbl 

MO.UCJlbHOro 11MilYJibCa .neneHl1H np11H5JTa paBHOH. 

w11p11He HOM11Hanbttoro 11t.mynbca s peaKrnpe El1rP, 
T. e. paBHOH 2,28 MC (CM. Ta6n. 1). 

Bb1xo.n ::iHeprn11 s 11Mnynbcax .neneHHH q(t) 11 

cpe.nH11e TeMneparypbl TO□nl1BHblX Koneu 11 6noKOB 

A3 B _3aBHCl1MOCTJ1 OT BpCMCHH B cnyYae MO,L{CJibHOro 

HMnynbca nponopl.(110HaJJbHbl BeJ111llJ1HC 

a= 3,5255/T, 

l 
q ( f) - l - at ' 

+ e 

l 
0 ( f) - -1 - -t-11 . 

+e 

(9) 

06o3H3'1HM yepc3 2&(t) ysen11YeH11e scne.ncrnue 

OCCBbIX .nccpopMal.(1111 TCKYI.UCM 3cp<peKTHBHOH TOn­
l.1111Hbl TO□JlHBHOro KOnbua. Tip11 '.)TOM o603HaYCHl111 

&(t) 6y,ncT paBHO ysen11Yett1110 ncne.ncrn11e ocesb1X 

.nccpopMau.1111 paCCT05JHJ15l Me)K.ny cpe.nHeH IlJIOCKO­

CTblO l.(CHTpOB T5J)KCCTJ1 nonepeLIHbIX CCYCHIIM KOnbua 

11 nnOCKOCTL,l-0 onopbl BHCWHl1X KOJlCU Ha MCTaJJJIH-
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YCCKHC ycTy□bl. C YYCTOM CKaJaHHOro BblWC 

8(,) = 80 ' 
l + e - ar 

(10) 

r.ne &o - sapb11pyeMblH K03<pqmu11eHT nponopu110-

ttanhHOCT11. 

}lance cnenycT paccMorpeTb cMc1.11cH115l pacTan­

K11BaCMbJX .nccpop111upyeMblMH TOilJil1BHblMl1 KOJlbUa­

MII :lQ)Q)CKTl1BJIOH. IlJIOCKOCTH UCHTpOB T5J)KeCTH KOJICU 

!11(1) 11 BllCUIIiliX MeTaJJJ111YCCKl1X ycrynos uo(t). 
MO)KHO noKa3aTb, '-!TO B npeuc6pC)KCHl111 .no no­

pbl B03l\10)KHblM, B np1rnum1e, OTCnOCHHCM Tonmrn­

HblX KOncu OT BHeurn11x MeTanJ111YeCKJJX onopHbJX 

ycTynos, cMemcmu1 uo(t), u1 (t) onpe.nen5JIOTC5l ypas-

(11) 
8 

8(t)= 0 
t 

1 +e- ar 

r.ne M - cyMMap1-ia5l Macca Tonn11sa B 6noKe A3 

11 MCTannl1'-1ecKOH onopc 6noKa, r; mo - Macca MCTan­

n11YecKoi1 onopbl 6JIOKa, r; A - K03cpcp111.(HCHT ynpy-

rocn1 no.nnecKH 6110Ka, r·c-
2
; ug - pasuosecHoe 

CMC1.11em1e MCTaJIJIHYeCKOH O□Opbl np11 ttarpy)KCHl111 

ce Maccoi1 M, CM. 

CornacHo sTopoMy ypasHeH1110 s c11cTeMe ypas­

Heu11i1 ( 11 ), 

d2i,1 d2u0 d 28 
--=--+--
dt2 dt 2 dt2 . 

(12) 

Do.ncTaHOBKa COOTHOWCHl15l (12) B Cl1CTCMY (11) 
np11BOJJ.11T nocne,nHIOIO K 6onee KaHOHl1YCCKOMY 

011.ny: 

d 2u0 A (M-m0 )d28 
--,-+-uo +---- 2 =0, 
dr M M dt 

u1 ( 1) = u0 ( t) + 8 ( t), 

8(t) - 80 
- 1 +e-a1 ' 

(13) 



B HaCTORLl.leM pa3J].CJIC YHCJICI-lHOe peweH11e 

ypasttem111 ( 13) nposon11Tcsi nnsi nsyx 6no1<os A3: 
JJ.llil scpxuero HenonBH)l(HOro 6noKa 11 ;::\JIR EfP. I1a­

paMCTP a B ypasttett1111 (13) paocH 1546.3 c-
1
, napa­

MeTpbI mo, M B nepBOM cnyyae paBHbl 0.86· 105 
r 

H 0,583· J 06 
r, COOTBCTCTBCHHO, BO BTOpOM 

0,61 · 105 r 11 0.397· 106 r. 
qTO KacaeTCR 3HaYeHJ-IH K03<j}<jrnuHeHT08 ynpy­

fOCTH A .ll.JlR 6JIOKOB A3, TO OHH onpcnemmHCb KOC­

BCHHhlM o6pa:30M - nyrcM npl!BR3KII K ncp110,1.1.y oc­

UHJIJI.RUHH MOLl.lHOCTH peaKTOpa Ha nnaTO HMnynbca. 

I1p.siMOH pacYeT 3Tl:IX KOJ<j)<j)HUHCH1 OB 6bIJI 6bl 3a­

TPYJJ.HHTeneH BBH.ll.Y JJ.OBOJibHO HenpocTott KOHCTµ)'K­

UMOHHOH CBR3H 6JIOKOB A3 C onopoii CTCH,1.1.a. 

Ha rmaTO 3KCnep11MeHTaJlbHb[X HMil)'JlbCOB nc­

JICIIHH 4CTKO npo.R.BJUUOTCJI JIHllib OCUHJIJI.HUHH C ne­

pHO.ll.OM To, paBHblM - 30 MC. 3TOT cpaKT 03HaYaCT, 

11To xon MOll(HOCTII peaKTopa Ha nnaTo onpc.uem1e-rc.H 

KaKHM-TO OJJ.HMM 6noKOM. C 6onbwoit sepo.HTHOCTblO 

TaKHM 6JIOKOM .llBJl.HCTCR ErP. HMe11110 JTOT 6noK 

MO)KCT C03,UaBaTb B cpe,uHCM nOJI0)KJ11CJibHYlO ICOM­

IlOHCHTY pcaKTl1BHOCTHOH o6paTHOH CB.H311, nocICOJlb­

KY ero TOilJIHBHblC 3JICMeHTbl B cpe.D,IICM CMCl.l.{a!OTCJI 

B cTOpoHy ccpc.Lll1Hb1 A3. KpoMe Toro, npencrnsllileT­

csi, 4TO Ha6mo.n,aeMblH nep1,10n OCUHJUl.HUHlf MOLl.lHO­

CTH Ha nnaTo, paBHblll - 30 MC, CJIHlliKOM MaJl .ll.Jl.H 

MaCCHBHoro BepxHcro 6noKa, HMeIOll(ero KOHCOJlbHO­

ro nma nonaccKy. 

Ha OCHOBaHHH CKa3aHl!Oro 6bmO npHH.HTO, 4TO 

B n11ttaM11Ky pcaKTopa EfilP aKTHBHO BKJIJOYaerc.si 

TOJlbKO Kone6aTCJJbHa.R CHCTCMa 6noKa EfP 11 nep11on 

ocu11nllilu11i1 3TOH c11cTCMbI paseH 30 MC. H113Kasi 

48CTOTa OCUHJIJI.l!U11tt HCTTO,!J.BIDKIIOfO BCpXHero 6noKa 

MewaeT eMy )"iaCTBOBaTb B cpopM11poBaHim 11MTTYJib­

ca neneHl1H. Bo11.ny nonarnl1BOCTU nO.UBCCKH 3TOfO 

6noKa necpopMaUH.ll ero TOMHBHhlX KOJICU ocyll.lCCT­

BJl.l!CTC.ll., npaKTl1YeCKl1, 6e3 CMCII(CHIIR cpcnHeH nnoc­

KOCTH ueHTµOB T.ll)KCCTH noncpeYHbIX CC'fett11i1. Jler­

KO OT)KaTaR TOilJll1BHblMII KOJlbl.{aMH nonaecKa 

s COOTBCTCTBHH c cc 6oJibllHfM ncpuonoM OCU11JIJI.ll­

U11H, xorn 11 H84HCT .ll.BH)KCHIIC BBCpX. 38MCTHO CMC­

CTHTb TOTTJIHBHbIC KOJlbl]a ycnccT Jll1Wb no MHIIOBa­

HliH HC TOJlhKO 6blCTponcpcMCHHOH YaCTH 11MilYJibCa, 

HO 11 nnaTO. Ha OCHOBaHIIH CKa3aHIIOrO BKna.u sepx­

HCro 6noKa A3 B pcaKTl1BIIOCTHy10 o6paTHYIO CBR3b 

Y4HTblB8TbC.H HC 6y.UCT. 
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Ko:><j)cjm1mcttr ynpyrocrn nonsecK11 ofP onpc­

.uenRcTc.si 113 COOTHOWCHl1.H 

(14) 

I1onyl{CHO, YTO ;'].JUI 6noKa EfP KO::>cpq>Hu11eHT A 
paBCH 1,7· 1010 

r. c-
2
. (Ecnn 6b_I 31-laYCHlle ncpHO.D,a 

ocuunnRUHH To= 30 MC 6hrno np11n11catto acpXHeMy 

HCOO.D,811)KHOMY 6noKy, TO K03cpcp11u11eHT A JJ.JHI Hero 

paaH.sincR 6b1 2.55· 1010 
r · c-

2
.) 

Ha p11c. 7-9 .D,CMOHCTµ11pyeTC.H spcMeHHa.H 3aBH­

Cl1MOCTb paCCYl1Tal-lllblX J].Jl.ll 6JIOKa 6f p DO ypaBHe­

HH.HM (13) CMCll]em111 uo(t), 111(t), HX nepBblX 11 BTO­

pblX np0113130JJ.Hb!X, rcHep11pyeMhlX B yrnOBl1llX pa30-

rpeBa TODJIHBHblX KOJICU B MO.D,eJibl!OM IIMTT)'JlbCC nc­

JICHMH C w11p1111011 Ha nonOBHHe BblCOTbl 2,28 MC 

1100=0.l . 

KaK B1111HO 111 p11c. 7-9, oceBblC .ue<j)opMaUHII TO­

IlJil1BHblX KOneu, HeCMOTJ).ll Ha HX 3aBC.D,OM)'l-O KBa311-

CTaTIIYHOCTb. cnoco6ttbl 3<j}cpeKTl1BHO B036y)K.D,aTb 

pcryn.HpHbIC s116pau1m 6noKa EfP Ha cro no.n,sccKe. 

l13 3THX pucyHKOB B11.UHO TaK)KC, 'ITO 11a10ll.ll1e BKJia.U 

B peaKT11BHOCTb OCUl1JIJl.llll,Hl1 UCHTJ)OB T.H.)KCCTl1 TOn­

JIHBHblX KOJICU II t (t) ocyll(eCTBJI.HIOTC.H BOKpyr He­

CKOJlbKO CMell(CHHOtt BBcpx cpe.u1-1ei1 Jll1Hl111. Ilp11Me­

Hl1TCllbHO K of p JTO 03HaYaCT, '-!TO B uenOM 0Cl]HJI­

Jl.RU1111 Ef P ottoc.H.T nono)K11TcnbHbIH BKnan s pcaK­

n1BHOCTb H nOBbJWaJOT BblXO.ll. JHCpr1111 neneHHH Ha 

nnaTo. 

Ecn11 )Ke CJ].CJI8Th npe.unonmKeH11C, 4TO XOJJ. 

MOLl.lHOCTl1 peaKTOpa Ha nnaTO 11MD)'Jl.bC8 .D,CJieHl1H 

onpe.nenRCTCR 0116pau,H.HM11 He EfP, a Heno.UBH)KHOro 

scpXHero 6noKa, TO, KaK cncnycr 113 pac'leTOB, pea­

mnycTc.H npOTl1B0TTOJIO)KHaJI KaprnHa. 0CUl1Jlllill]Hl1 

ll1(t) B JTOM cny11ac coseprna!OTC.ll. TO)Ke BOKpyr CMe­

ll(CHHOro BBCpX cpenHcro ypOBH.ll, HO .ll.llil BCpXHero 

6noKa 3TO 031-l8l{aCT BHCCCHl1e B peaKTOp B uenoM OT­

p11uaTCJlbHOl1 pcaKTl1BHOCTl1 11, COOTBCTCTBeHHO, 

CHl1)1{eHHC BbIXO,lla 3Hepn111 .neneHl1H Ha nnaTO. Qtje­

B11,!J.HO, '-lTO YKa:3aHHOe npennoJIO)KCHHC np11B0.D,HT 

K HCBCpHOMY pe3)'JlhTaT)'. 3TOT cpaKT nOCJl)')l{l1JI on­

Hl1M H3 OCIIOBaHHH, 113-38 KOTOpblX OCl]HJlllilll,1111 

sepxttero HCilOJlBH)KHOro 6JIOK8 He 6ynyr OTµa)KCHbl 

B ypaBHeHl1.sJX .UHHaMl1KJ,I pcaKTOpa. 

PeanbHble OCl]HJIJIRUHU HCfl0.UB11)K!-10fO scpxHcro 

6noKa, Il0-BII.D,11MOMY. HMCIOT, KaK )')KC OTMCYaJlOCb 

Hblllle, BO MHOro pa:3 60Jibllil1H ncp11on. 
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PHC. 7. CMeweHHll Uo(t), U1(t) B 6JIOKe :SIP no.11 B03.UeiiCTBHeM MO,lleJJbHOro HMnyJJbCa .ueJJeHHH C WHpHHOH 

Ha noJJOBHHe BblCOTbl 2,28 MC w 80 = 0, l: l - uo(t), 2 - IIJ (t) 
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Pwc. 8. CKopocrn dtt0(t)ldt, du1(t)ldt B 6J10Ke EfP no,n BOJ,nettcTBHeM Mo,neJibHOro HMnyJibca .11enem1ii 

c WHpHHO» Ha non0B11He BbJCOTbJ 2,28 MC 1-1 80 = 0.1 : l - duo(t)ldr, 2 - du1(r)ldr 
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2,S0E+o4 

2,00E+04 

l,S0E+04 
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(lJ 
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0 
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u 
>, 

•1,S0E+o4 

·2,00E+o4 

·2,S0E+04 

Pwc. 9. YcKope= d 2u0(t)ldr2, d 2
11 1(t)ldt 2 a 6noKe ErP no.n BOJ.lleikTB11eM M0.lleJlbtt0ro HMnyJ1bca .neneHJ1i1 

c w11p11ttow Ha non0B11He BbIC0ThI 2,28 MC 11 80 = 0,1: 1 - d 2u0(t)ldr 2
, 2 - d 2u 1(t)ldt 2 

5. Pe»rnM OCCBblX CMClll,CHHH c OTCJIOCHHCM 

TODJIHBHblX KOJICU OT onop 

B □pe,ub~Yl.l.\eM pa3,uene paccMOTpeH pe)l(J1M 

oceBhJX CMell.(eHHH B 6noKax A3 B npc,u□OJIO)l(eHl111, 

'!TO Ha'la.JlbHblH □JIOTHhIH KOHTaKT TO□mlBHhIX KOneu 
c onopaM11 coxpall!CTC51 Ha sceM npon1)1(eH1111 oc­

u111111mm11. 3TO npc,u□OJIO)l(eH11e MO)l(eT COOTBeTCT­

BOB8Th peanbHOCTl1 J!Hlllb B c11e.uy10m11x CJIY4851X: 

- cpaBHHTCJlhHO c11a6b1e .uecpopMawm, □pH KO­

TOphlX npercp□eBaeMble no.useCKOH 11 TO□Jll1BHhlMl1 

KOJlbl..(aMH ycKopcHHR He npeBOCXO.D.HT HeKOTOporo 

npc.uena 11 CHJ1a T5l)KeCTl1 B COCTO51Hl111 □p11)1(J1MaTb 

TO□JIHBHbie KOJihUa K onopaM Ha scex :nanax ocu1111-

JI51UHH; 

- Kor,ua TO□Jll18HhlC KOJ!bl..(a npHKJieeHbl K CBOl1M 

onopaM. 

Ecn11 )Ke TOTIJll1BHhIC KOJlbUa He CB513aHbl npO4HO 

c onopaM11, a .uecpopMau1111 11x 3Ha411TeJibHb1, ror,ua 

B KaKOH-TO MOMeHT .IJ.B11)KeHJ-rn MO)l(eT HacTy□HTb cpa-

3a HX OTCJIOeH1rn OT onop. 8 rnnoTeTH'!eCKOM cnyyae 

OTCYTCTBl151 CHJlhl TIDKCCTH :na cpa3a HaCTymrna 6b! 

B MOMeHT, KOr,ua ycKopeHHC, HC□bITblBaeMoe TO□-

Jll1Blib1Ml1 KOJlbUaMH □0.D, 803.D,eHCTBHeM oceBblX 

,uecpopMau1111, nepcxo.mrno 6h1 113 o6nacrn ero nono­

)1(1-fTenhHhIX 3Ha4CHHH B 0611aCTh OTp11uaTCJlhHblX 

3HaYeH1111. 

TiocKOJlbKY B OTCYTCTBHe Cl1Jlbl T51)KCCTH H cuen­

nemrn KOJICU C onopaMH orp1-1uaTeJihHblC 3Ha'lCHHH 

34 

2 2 
d iq (t)ldt HeBOJMO)l(HbI, OTc11oett11e Koneu OT onop 

Hacryn11no 6h1 B MOMCHT, Kor.ua d
2
u 1 (t)ldi2 cTaHOBH­

noch 6hl paBHhlM Hymo. rro 8HaJIOrl111, B npHCYTCTBHH 

CHJ!hl Tjj)l(eCTH OTCJIOeH11e HaCTy□aeT B MOMeHT, KO-
2 2 

r.ua ycKopem-,e d ui(t)ldt CTaHOBHTC51 paBHhLM - g, 
T. e. B MOMeHT, Kor.ua 

(15) 

CMell.(eHH51 uo(t), ui (t ) B ::>TOM, 6onee o6meM, 

CJIY4aC o□pc.ueJijjlOTC51 HeCKOJlhKO 6once CJIO)l(HbJM 

cnoco6oM, YCM 3TO 6brno c,uenaHo B pa3,ue11e 4. 3,uecb 

npocJie)K11BaIOTCH rp11 06nacT11 peUJeH)1jj .D.JIR uo(t), 
u l (!). ITepBa51 o6JiaCTh npo.uom1<aeTC51 OT MOMCHTa f = 
= 0 .uo r, - MOMeHTa OTCJIOCHHR TOTIJIHBHblX KOneu OT 

onopb1. B ::>TOH 0611acT11 cMel.l.\eH1151 uo(t), u1(t) on11-

ChtBaioTc51 ypaBHeHH51Ml1 ( 13). 
BTopa51 0611aCTb npo,uOJI)KaeTC51 OT MOMeHTa t, .uo 

t = t2, r.ue t2 - MOMeHT BO3BpameH)1jj TO□Jll1BHblX KO­

neu, nocne ux cso6o,uHoro noncTa, Ha o□opb1, T. c. 

MOMCHT, KOr,ua Ui(t) CTaHOBHTCH paBHblM uo(t) + D(t). 

TiocKOJihKY BO BTopoii 0611acrn npy)KHH51LUaH c11cTe­

Ma Harpy)KaCTCH He Maccoii M. a Jll-flllh MUCCOH mo, TO 

□ep11O.u ocu11111151u11i1 uo(t), cornacHo cpopMyne (14), 

yMeHbUJaeTcH B .J M / m0 pa3. 

CMerucmrn uo(t), u, (t) BO BTopoii 0611acrn □pe.n.­

CTaBJIHIOTCH ypaBHeHHHMl1 



(16) 

C Ha4aJihHbJMH ycnOBIUIMH - 3Ha4CHJ1HMH uo, llJ 11 l1X 

nepBhJX npo1nBO,UHhIX B nocne,uHeH TO'-!Ke pewemrn B 

nepBOH o6nacTl1. 

Boo6me roBOpll., cMemem1e u1(t) BO BTopm1 06-

nacT11 onpcnenHeTCH 3Ha'-leHHeM 11anpanneHHOH 

BBepx CKOpocm TOilJIHBHbIX KOJICU, B MOMCHT 11 H Cl1-

JIOH rn)KeCT11. IloJTOMY u 1 (t) MO)KeT 6h1Th Hal1,ueHo 

aHaJil1THLleCKH. OHO paBHO 

[
du ] g(t2 

-1
2

) 
u1(t)=u1(t1)+ _1(t1)+gt1 (t-11)- I . 

dt 2 

(17) 

YpaBHCHl1H (16) np11 3TOM nepenHCh!Ba!OTCH KaK 

M-mo 0 
g = ; 

mo 

(18) 

3a BTOpOH o6nacThlO (o6nacThJO CB06onHoro no­

nera TonnHBHhIX KOneu) cnenycT TpCThH o6nacTh, 

COOTBCTCTBYJOIUM BpeMeHaM t > 12. B npl1HU,Jlne, np11 

I > t2 MOryr 11MeTb MeCTO nOBTOpHble OTCJJOeHJ1H KO­

JICU. K TOMY )Ke, ecn11 paccy)KnaTh crporo, nocanKa 

Koncu Ha onopbl MO)KCT npOXO,Ul1Tb C TOJI'-IK0M. Y4eT 

JTl1X cpaKTOpOB 3aMeTHO YCJIO)KHl1Jl 6bl Hawy 3a,Ua4y, 

nonoMy 6hrno peweHo 3,uecb 11x HC Y'-IHThIBaTh. Ilp11 

3TOM npHH11MaJJOCb BO BHJ1Matt11e, '-!TO peweHHC 

n TpCTheH o6JJaCTl1, IlOCKOJJhKY OHO OTHOCl1TCH K apc­

MCHaM BeCbMa 3Ha'-IHTeJibHblM, MO)KCT 6h1Th np116n11-

)l(CHHbIM. 

B pe3yJibTaTe YKa3amJOro ynpoIUCHl1H CMCll.{CHHH 

uo(t). tt1(t) B TpcT&di o6nacrn, KaK 11 B nepsoi1 o6nac­
TH, onpC,UCJIHIOTCH ypaBHCHJ1}]MJ1 (13) C Ha4aJibHhlMl1 

3Ha4eHHHMl1 ,um1 uo(t). duof dt - 3Ha4CHHHMH JTHX BC-

1111'-lltH B nOCJIC,UHe.H T04Ke pcllICHl1H BO BTOpOH 06-

JiaCTH. 

TaKHM o6pa30M, oceBhie CMCll.{eHl1H uo(t), ti) (t) 
B c11y4ae OTCJIOCHHSI TOnmlBHhIX KOJieU, OT onop on­

pcneJilllOTCll ypaBHCHHHMH: 

IlepBM 0611acT&, 0 < t S: 11 
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(19) 

BTopaH o6nacTb, t1 < t S: t2 

d 2u0 A (M-1110 ) 
--,- + -110 +--'-----'-'- g = 0, 
d1- mo mo 

Lil (1) = !11 (t1) +[ ::I (t1) + gt1 }t-t1 )- • (20) 

g(r2 -tn 
2 

Ha4aJibHbJC 3Ha'-!ett11H uo(t), duof d1 paBHbJ 11x 3Ha­

'-!eHHllM B noc11e,uttel1 TO'-IKC perneHJ1H B nepBOH 06-

11acTJ1. 

TpeT&H 0611acTh, t > 12 

(21) 

Ha'-!aJibHbJC JHa4eHl'IH uo(t), duo/dt paBHhI 11x JHa­

'-ICHHllM B nocne,UHCH TO'-IKC perueHJ1H BO BTOpOH 06-

JiaCTH. 

Ha p11c. 10-12 noKa3aHa BpeMeHttaH JaB11c11-

MOCTb paCC'-IHTaHHh!X ,UJI.11 6noKa Ef p no ypaBHCH11HM 

(19)-(21) CMell.{eHHH uo(t), u1(t), 11X nepBblX 11 BTO­

pbIX np0113B0,UHhlX, rettep11pyeMhlX B ycnOBHHX pa:30-

rpeBa TOilJllIBHhlX Koneu B MO,UenbHOM HMnyJihCC ,ue­

JlCHHH C llIHpHHOH Ha nOJIOBl1HC Bb!COTbl 2,28 MC 

11 oo= 0,1. 
KaK B11,UHO 113 p11c. 10-12, TOnJIHBHble KOflbU,a 

MOryT OTCJ1a11aaTbCH OT onop 11 Ha cpaBHHTeJlhHO 

3Ha411TCJlbHOC BpeMH nepeXO,UHTb B pe)KHM CB06on­

HOro noneTa non B03,UCHCTBHeM CHJlbl TH)l(eCTH 11 

CK0pOCTH. np1106pcTaeMOH K MOMeHTy OTCJI0CHl1ll 11. 
8 npHHU,Hnc, ecn11 OTBJlC'-lbCH OT cpaKTOpa orpam-1-

'-!eHHOCTH OCCBblX 3a30p0B MC)K,QY K0JlbUaMH, BhICOTa 

nonbeMa Koneu B cao6onttoM noneTe MO)KCT JaMeTH0 

npeBb!lUaTb aMnJlHTyny 1t1(f) B pC)l<11Me OCUHJillilUHH. 



;;; 
u 

0,3 

f, C 

-0.1 

Puc. 10. Pe)lrnM C OTCJJOeHl!eM TOnJll1BHblX KOJleU OT onop. CMeweHttjj 11o(r), u,(r) B 6noKe £rP no.u BOJ,!le.HCTBHeM 

MO,lleJlbHOro HMnym,ca .nenemu1 c WHpttHOH Ha IlOJlOBliHe BblCOTbl 2,28 MC 11 Oo = 0,1: l - uo(r), 2 - 111 (t) 

30 
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' ~ ::E 
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~ 
,;:--

t, C 

~ -0,01 
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t; 
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c.. 
0 :.:: 
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-20 

-30 

-40 

Pwc. 11. Pe>KHM c OTcnoeH11eM TonnHBHhlX Koneu OT onop. CKopocrn du0(r)ldt, du1(t)ldt B 6;10Ke £fP n o.u B03J.lettcTBHeM 

MOJ.tenbttoro HMnynbca J.te11eHHH c w11pHHOH Ha nonoBHHe BbJCOTbl 2.28 MC 11 oo = 0,1: I - duo(t)ldt, 2 - d111(t)ldt 
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P11c. 12. Pel!GIM c OTCJ1oeH11eM TOWIHBHbJX Koneu OT onop. YcKope!UUI d 2u0(t)ldt 2
, d2i,1(r)/dr

2 
B 6noKe EfP 

no.n B03)leHCTBJ1eM MO,!leJU,HOro HMllYJlbCa .neJ1eHJ1H C W11p11HOH. Ha nOJlOBlllie BblCOTbl 2,28 MC H Oo= 0,1: 
l -d2uo(1)/d1 2, 2 - d 2u 1(t)/dt 2 

B Te4eH11e speMeHH cso6o.nHoro TIOJJeTa TO□JlHBHbIX Koneu ocao6o)KJ{eHHaJI OT rpy3a TOTIJIBBa CHCTeMa 

no.naecKH EfP, .nei1crn11TeJ1bHO, KaK y)Ke OTMe4aJIOCb Bblille, ocuttnm1pyeT c 6onbwei1 4aCTOTOH, a TaK)Ke 

c 6onee BbICOKOH aM□m1Ty.noi1 u0(t). 

6. YT011HeHHble ypasneHHH AHHaMHKH peaKTOpa lilfrP H HX peweHHH 

Ha 3aperncTPHposaHHhlX a 3KC□ep11MeHrnx HMnym,cax peaKTopa EI1fP (cM. p11c. 3) 4eTKO nposmmuoTCH pe­

ryJU1pHb1e OCU,HJlJlHUHH MOmttOCTH Ha nnarn. HeperyJU1pHb1e BhJ6ern MOll(HOCTH Ha nnaTO 3KCnepHMeHTa.JlhHbIX 

HMnyJJbCOB He Ha6mo.na10TCH. CKa3attHoe cnc.nyer TPaKTosaTb TaK, '!TO B peaKTope EfilP oceab1e ,neqJOpMau1111 

TO□Jil1BHblX KOJleU, ocymeCTBJUIJOTCJ! 6e3 MX OTCJlOeHHS! OT onop, T. e. B COOTBeTCTBHH C ypaBHeHIDIMH (13). 
YT04HeHHble ypaBHeHHS! ,UHHaMHKH peaKTopa EHr p 3an11caHbJ C HC□OJlb30BaHHeM 3TOf0 cne,nyJOmero H3 

3KC□ep11MeHTa l1 ynpow.aJOw.ero pac4eTbl q>aKTa. YnpoIUeHHlO pac4eTOB 11 3a,Lla4H cj)opMynHpOBaHHJI yT04HeH­

HhJX ypaaHeHHM cnoco6cTBOBaJIO 11 OTCYTCTBHe B .naHHOM cny4ae Heo6xo,nHMOCTH pac4eTa □OJUI B03MyIUeHHH 

peaKTHBHOCTH, BHOCHMbIX oceBhlMH CMell(eHHJIMH TO□Jl HBHhlX KOJlCU,. 

B03Myw.emrn pcaKTMBHOCTH A3 BHOCHTCSI rnaBHblM o6pa30M .llBH)KeHHeM TOTIJlHBHbIX KOneu. IloCKOJlbKY 

3TH B03MYIUeHIDI nponopu,110HaJihHhl aM□n11ry.ne CMell(eHHH U1(t), a caMa aMTIJlHTy.lla U1(t) ~e co,nep)KHT HOp­

MHpyeMbIM no 3KC□epHMeHTY MHO)KHTeJlb, nepexo.n OT CMew.eHID! K peaKTl1-BHOCTJ1 6hJJl conpSI)KeH JlHWb C 113-

MeHeHHeM 3T0f0 MHO)KHTCJlSI. 

)J.nSI .llaJlbHei1wero pacCMOTPeHID! cymeCTBCHHO TaIOKe HMe'fh B BH.llY, 4TO ypastteHID! (13) 3anHCaHbI np:11-

MCHHTCJlbHO K Mo.nen&HOMY 11-Mnynhcy .nencHHH. C np11asiJKOH K peaJihHOMY HM□ynhcy c ero MOIUHOCThlO n(t) 
H BhIXO.llOM 3Heprn11 B 3aBHCHMOCTH OT apeMeHH q(t) ypaaHeHHSI (13) npeo6pa3ylOTCSI K 

d
2
u0 +~uo + (M -mo) dn = O, 

dt 2 M M dt 

ll I ( l) = llo ( f) + q ( t) , (22) 

uo(0) = duo (0) =0 
dt 
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C )"-ICTOM ypaBHCIIHH (22) Yf0'IHCHHaj{ CHCTCMa ypaBHCHHM .UHHaMI1Kl1 peaKT0pa EI1f p npe.ucrnBmICTCj{ 

KaK 

dn_P(t)-B)q, () ~ 1 C ( )· 
------11 t + L.,11.k k I , 
dt A. k= I 

dCk Bk ( ) '\ ( ) --=-n t -A.kCk f ; 
dt A. 

dq(t) 
-;;;-=n(t); 

C 3 {J(t+l0 n-lnp)=J(t+t0 n-0,063) np11(t+/0 n-0,063)~0 
p(t)=p0 +81q+82q'\Jq+83q +D1u1(t)+ 

0 npH (r + t0 n -0,063) < 0 

,(23) 

U1 (I) = Lio (I) + q (I); 

d 2u0 A (M-mo)dn 
--+-u0 +-'-----'- =0; 
dt 2 M M dt 

Bei(0) 21 6 

CdO) = Mk ; B = ,ti Bk; B3<ji = ,tr Bk = 0,0077; 

I\= 2,543· 10-7 c; 
8 1 = -8,666-10-12 M)])K-I

; 8 2 = 0,1666-10-15 M)],)1(-3'2; 8 3 = -5,9· 10-30 M)],)1(-3; 

A.k = 0,0127; 0,0317; 0,115; 0,311; 1,40; 3,87; 304; 915; 2880; 4090; 1,31·10\ 1,86-10
4

; 5,34·104; 

7,58· 104; 1,60· 105
; 2.27· 105

; 2,69· 105
; 6,42· 105

; 1.31 · 106
; 2,31 · 106

; 4,24· 106 (c-I
); . 

~k = 3,0·10-4; l,62·10-3; l,45·10-3
; 3,11·10-3

; l,01·10-3
; 2,l·lff·4; 2,02·10-5

; -6,7·10-o; 4,82·10-4; -3,4·10-4; 

7,72· 10-"4; -5,44· 104
; 8,03· 10-4; -5,66· 10-4; 1.093· 10-3

; -7,7· 10-4; 3,98· 10-4; 3,93· 104
; 2,61 · 10-"4; 1,46-10-4; 

7,0· 10-0. . 

KOHKpCTHhIC pac'ICTbl 11MIIYJlbC0B .ueneHHH c II0M0ll(blO Yf0Y.HCHHblX ypaBHCHHH (23) npose.ueHhI np11 

cne.uy10mHX 3Ha'lemrnx ocTanbHbIX napaMCTP0B: Po = 1, 078~3<1> ; M = 0,397 · l 06 
r; m0 = 0,61 · l 05 

r ; q(0) = 0; 

du0 u0(0) = 0; -(0) = 0; n(0) = 0,01 BT (no.uornana 113 ycnoB),fj{ coBMCll(CH),fj{ nHK0B pac'leTHbIX H 3KcnepHMeH-
dr 

TMbHblX 11MTIYJlbCOB); A= 1,7· 1010 
r·c-

2
(onpc.ueneH 113 ycn0BHj{ paBCHCTBa paC'-lCTH0ro 11 3KCnepHMCHTMbH0ro 

nep110.uos 0CQHJlllilUHH M0ll(H0CTH Ha nnarn); D1 = 1,1 · 10-12 
CM-l (onpe.ueneH H3 ycn0B),fj{ H8H6onee y.uosne­

TB0pHTCJlbH0ro B0Cnp0113BC.UCHJ1j{ 3KCnep11MCHTMbHbIX nnaT0 HMnynhC0B .ueneHHH). 

Pe3yJlbT8Tbl paCY.CTa .UHHaMHKH peaKT0pa EIIT'P, Bb!TI0JlHCHH0ro C II0M0ll(blO yro•rneHHbIX ypaBHCHIIB 

(23), npe.n.cTaBJlCHbl B cpaBHCHl1H C .n.aHHbIMH 3KCnepHMCHTa Ha p11c. 13-16 11 B Ta6n. 3. Ha p11c. 13, 14 TI0Ka-

3aHbl paC'-lCTHblC 11 3KCnep11MCHTMbHblC m,mynbCbl .ueneHHH, Ha p11c. 15, 16 - pean113yCMblC B TC'ICHl1C 3THX 

HMIIYJlbC0B paC'-lCTHhlC pcaKTl1BH0CTH, BH0CHMbIC 0CCBblM CMCll(CHHCM T0IIJll1BHbIX K0neu. B Ta6n. 3 npe.u­

CT8BJlCHb1 0CH0BHblC xapaKTepHCTHKJ1 TI0K83aHHblX Ha pHC. 15, 16 11MIIYJlbC0B. 

Ta6nttua 3 

OcHOBHhlC xapaKTCp11CTl1KH 3KCnepHMCHT8JlbHblX 

11 npe.UCT8BJlCHHblX Ha p11c. 13 11 15 paC'ICTHhIX 11MTIYJlbC0B (pac'-leT - 'IHCJla B CK06Kax) 

3HeproBbl.ll,CJlCHHe W11p11Ha fiJ,U{a 
M0UJ,H0CTb 

311eprosb1.D,eneHJ-1e Ha 

PelKHM pa6oTbl B n11Ke 11MnyJibCa Ha Il0Jl0BHHe BblC0-
B n11Ke, fBT 

fIJ18T0 HMilyJlhca tlQ, 

Q6, M.Ll.lK Tbl, MC fyi)],lK 

CirnxpOHHblH c6poc 6nOKOB rpy6oro 160 2,28 65 120 
11 T0LJH0ro pery1rnp0B8HIIJI (173) (2.28) (65) (108) 

Onepe:>Ka1ow.11i,1 c6poc 6noKoB rpy6o- 160 2.28 65 70 
ro H TQLJH0ro perym1p0B8HHJI (173) (2,28) (65) (58) 
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Pac. 13. 11MrryJlhc nenemtil 3KCnepHMeHTaJJbHbI~i (I) H pac­

ClfHT8HHblH (2) C n0M0UlblO ypas11eHHH (23) npH CHHXp0H­
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PHc. 14. 11MnyIJbC neJieHHH 3KCnepHMeHTa.JlbHbltt (1) H pac­
ClfHTaHHblH (2) C n0M0lJ.lblO ypasHeHHH (23) np11 onepe­
lKalOUleil, c onepelKett11eM 43 MC KOMattnoil Ha c6poc 6no-

K0B £fP H £TP 

,[l,aHHble pHC. 13-16 H rn6n. 3 ,neMOHCTJ)Hpy1OT 

BnOJIHe y,nOBJieTBOpHTCJlbHOC cornac11e paC4CTHblX 11 

113MepeHHbIX napaMCTJ)OB HMIIYJibCa .ueneHHH. 3TH 

,naHHblC IIOKa3hIBalOT. B 48CTHOCTH, xopowee BOC­

npO113Be,nem1e B pac4ernx rny611ttb1 ocu11nm11.,1H11 

MOIUHOCTl1 Ha nJiaTO 11, 4TO oco6CHHO Ba)l(HO, Q)a3 

paC4CTHhIX 11 JKCnepHMCHTaJihHbIX ocu11nn.siu11i-i OT­

HOCHTCJihHO IIHKOB 6bICTJ)OnepeMCHHblX 4aCTeH HM­

IIYJihCOB. Ho 061Ua.si q>opMa nnaro 11MnynhCOB B 3as11-

c11MocT11 OT BpeMCHl1, oco6eHHO npH 60JibWI1X Bpe­

MCHax, BOCnpOH3BO.UHTC51 JIMWb Ka'-ICCTBCHHO. 

B CB51311 C YKaJaHHhlM cpasHeHHCM pac4CTHhlX 11 

JKCnepHMCHTaJlbHhlX HMIIYJibCOB cne.uyeT HaIIOM­

HHTb, 4TO BKJII04CHHhlfi 8 qiopMyny peaKTHBHOCTHOH 

39 

o6paTHOH CB513H .nonOJIHHTeJibHbIH KOMIIOHeHT, rcHe­

p11pyeMbJi1 OCCBblMJ1 CMCWCHH51Mll TOilJIHBHblX KOJJeu, 

co.ncpiKIIT ,nsa onpe,ncn.sicMhI>.. 113 JKcnep11MCHTa na­

paMerpa. TaKHMH napaMCTJ)aMH 51BJI51lOTC51 ncpuo.n 

H aMnmny.na OCUl1JJJ151Ulltt MOIUHOCTH, np.siMO paBHhlC 

TaKOBblM (nep110.u) HJIII 3aBHC51lUl1C OT TaKOBhlX .nn.si 

CMCIUCIIHH TOIIJIHBHbJX KOJICU. 

ITp.siMOH paC4CT y1<a3aHllblX napaMCTJ)OB 6bJJI 

BCCbMa 3aTJ)y,UHl1TCJlbHblM, Tai( KaK OH IIOTpc6osan 

6h1 y'lcTa TOHKocrci1 KOIICTJ)YKTHBHhIX cs.si3e11 B no.n­

BCCKe 6JIOKa of p H OTCYTCTBYIOU.\HX B HaCTO51ll.\CC 

BpCM51 CBC,UCHHH O MCX8HH3MC pa3BHTl151 Heycrntt411-

BOCTCl1 B CMCIUeHl!H TOTIJIHBHbIX KOJICU. 

KOHKpeTHO YKa3aHHbJC napaMeTpbl Bblpa)l(a10TC51 

B ypaBHemrnx (23) 4Cpe3 KOJ<pq)HUHCHT ynpyroCTH 

no.nsecKH 6noKa 61P A 11 KOJcjJ<p11u11eHT Di. Jas11c»­

IUHJ1 OT aMnmITy.Uhl OCCBbIX CMCIUCHl111 TOilJIHBHbIX 

KOJJCU 11 OT BHOCHMblX 11MH B03MYJUCHHH peaKTliBHO­

CTII. ITo,nroHKa no.u JKCnepHMCHT JTHX K03q>cpHUHCH­

TOB ocyIUeCTBJI51JI8Cb, BO-nepBhIX, KaK y)l(C CKa3aHO, 

4epe3 nepHO,U OCUHJIJI51UH11 MOIUHOCTH peaKTOpa Ha 

nnaTO IIMIIYJihCa ,UCJICHl1J1 11, BO-BTOpb!X, 4epe3 non­

HblH Bb!XO,U :mcprnH B 11MIIYJibcax .neneHl1H B OCHOB­

HOM pC)l(j,fMC reHep11posaHH51 HMnynbCOB, T. e. B pe­

)1(11MC c ocra1-1os1<011 HMilYJihCHOro 6noKa B A3 11 CHH­

xpoHHhIM c6pocoM EfP 11 ETP. 

0rMe4CHHaH 3Mm!p114HOCTb Ba)l(HblX napaMCTJ)OB 

HCnOJib3yeMoi-i B OT4eTe MO,UCJil1 H JIHWb Ka4eCTBeHHOC 

cornac11e cpopM nnaTO paCC411TaHHblX 11 J1<cnep11MCH­

TaJibHhJX 11MilYJlbCOB .neneHHH CHIDK8IOT npe,nCKa3a­

TeJlhHyIO poJI.b nocne,ntte11. BMecre c TeM 3Ta Mo,nenb 

11MCeT HCKOTOpbIC IIp11CYJUl1C CM .UOCTOHHCTBa. Heco­

MHe1rno11 ee 3acnyro11 HBJI51CTCH OTMC4CHHbll1 BhlllJC 

q>aKT y,noBJICTBOpHTeJibHOro BocnpO113BC,UCHilll B pac-

4CTe JKCOCplIMCHTaJibHhlX rny611Hl,I H q>a3 OCUHJIJUIIJ,HH 

MOIUHOCTH Ha nJiaTO 11Mnym,COB. fny6irna 11 q>a3a oc­

UHJIJI51UHH MOIUHOCTl1 HHKaKHM KOppeKl..(HHM co CTOpo­

Hbl JKCTICpHMCHTa He no,naepranHCb, 11 TO, 4TO OHl1 

xopowo cornaCyIOTCH C JKCnepHMeHTOM, CBH,UCTCJib­

CTBYCT O COCTO.siTeJibHOCTH MO.UeJIH. 

KcTaTH CKa3aTh, IIOJIHOro cosna,nemrn paCC411-

TaHHhlX H 113MepeHHhlX nnaTO H 11e CJlC.UOBaJJO O)1(11-

,naTb. ITpH OTHOCHTCJibHO 60JihllHIX BpeMeHax cpopMa 

nnaTO MO:>KCT cyIUeCTBCHHO HCKa)l(aTbCH BCJlCL(CTBHC 

HCTO4HOCTl1 napaMeTJ)OB OTJ)3:>KCHHbIX HCHTJ)OHOB. 

0 TOM, 4TO B H8WCM cny4ae TaKHC HeTO4HOCTl1 HMe­

lOTCH, MO)l(eT CBH,neTCJibCTBOBaTb xorn 6bl B11,U pac­

C411TaHHblX nnaTO Ha p11c. 4 11 5. ITp11 061Uei-i 3Ha411-

TCJlbHOH 3aHl1)1(CHHOCTH BblXO,Ua 3Hepnrn Ha nnaTO 

B paCC411T3HHblX C noMOIUblO npe)l(l1J1X ypaBHCHHH 

.UHHaMHKH llMnynhcax MOIUHOCTb Ha pac4CTHOM rrna­

TO np11 60JibWl1X BpCMCHax 3aMCTHO BbllllC TaKOBOH 

JKCnep11Mel ITaJJhHOfO IIJlaTo. 
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Pttc. 15. 3aBHC11MOCTb OT epeMeHH pac'!eTHOll IIOJIHOll H OCUHJIJUITOpHOH peaKTHBHOCTH peaKTOpa B Te'leHHe HMIIYJibCa 

.neneHHH c c,rnxpoHHOH KOMaHAOH Ha c6poc 6noKoe ErP H ETP: l - nom,a.si peaKT1rn11ocTb, 2 - OCUHJIJUITOpttall peaKTHB­

HOCTb, YMHO)f(eHHa.sJ Ha I 0 
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0 
t, C 
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Pwc. 16. 3aBHCHMOCTb OT epeMeHH paC'leTHOH IIOJIHOH 11 OCUHJIJlllTOpHOH peaKTHBHOCTH peaKTopa B Te'leHHe HMnYJibCa 

1teneHHH nptt onepe)f(alOLUeii c ouepe)f(emteM 43 MC KoMaHJIOH Ha c6poc 6noKoe 6fP H £IP: I - nonHa.si peaKTHBHOCTb, 

2 - OCUIIJlJlllTOpHM peaKTHBHOCTb, YMHO)f(ettHaJI Ha 10 

Ba)KHO, lff0 npe.nno)KeHHa51 B 0T'-lCTC )'T04HeHHall M0)J,eJlb )J,HHaMHKH peaKT0pa EHf p TT03Bomrna Bbll1B11Tb 

np11'-111HY B036y')f(JleHHll HH3K04aCT0THblX OCUHJlJlllUHH M0I.1.lH0CTH Ha nnaT0 HMaynbC0B .nencHHH. O6bllCHl1Tb 

3TOT tta6mo.naeMbIH B 3KCnepHMCHTC cpaKT KaKHM-JlH6o ttenocpe.ncrncHHblM B03.llCHCTBHeM CMCW:eHHll T0n­

J111BHb1X K0neu Ha peaKTHBH0CTb Bpll)J, mI y.nan0Cb 6bl. 3TO C}lenaH0 J111llib nocnc BKJ1104CHHll B )J,HHaMHKY pe­

aKTopa npy)KHHllll.lCH TT0)J,BCCKH 6noKa A3. ITo.naecKa 6bICTPO n0)J,)KJ1MaCTCll, Kai( 6bI B3B0)),11TCll, .necpopM11pye­

MblMl1 T0TTJlHBHhlMH K0JlhUaMH 11 3aTeM cpaBHIITeJlbH0 MC)J,JleIIH0 ncpCX0)J,11T B pe)KHM a116pau11i1 C HX onpe.ne­

JljJCMblM cpopMynoi-1 (14) co6cTBCHHbJM ncp110)J,0M. 
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8 3aKmOl.fCl-111C 1-IaCTO»UlCrO pa3.!].ena cncnycT 

ewe ouett11Tb Macuna6 oceab1x necjJopMau11i1 Ton­

n11Bttb1x KOJJCU. HC06xo.11,11Mb!X ,!I.JJJI rcHep11poBaH11H 

-rpe6yer-1Mx 11JMCHett11i1 peaKntBIIOCTH. Be.nb ecn11 

'.)TOT MaCWTa6 OKa)KCTCH 3H81.fl1TCJibHblM, npeBbl­

walOU{11M u111p11Hy 3a30p08 Me)K,ny CJIO.HMl1 KOJlCU, 

B03ll11KHYT npo6neMbJ no l.facn1 ocymecrn11MOCT11 

3rnx .n.ecj)opMau111i. 

YKa.3aHHa» oueHKa M:lCUJTa6a OCCBh!X .n,ecj)opMa­

Ul1H TOOJJMBHhlX KOneu BbJnOJIHeHa Ha OCHOBaHIUI 

Hai1.neHHOrO 113 p11c. 15, I 6 MaKC11M:1JlbHOro 3Hal.fCHl1JI 

BHOCHMOH oceBbJM CMell{CHl1CM TOTTJJl1BHhlX KOJICU 

peaI-Tl1B HOCTH (- 0,55 · l 0-3
) 11 113BCCTHOll H3 CT8TbH 

[4] peaKTl1BHOCTl1, BHOClfMOH TT0.11,bCMOM Ha I MM 

6noKa E[P, ttaxo.nnmerocn a6m1311 aepXHero nono­

)KCHl1JI (1,56-10-3 MM-
1
). Ha OCIIOBaHl111 '.)Tl1X .naHHhlX 

nonyl.feHO, "!TO aMnn11ry)].a CMCU{CHHH U1(t) paaHa 

-0,35 MM. 

TaKHM o6pa30M, OCCBbl C .11,ecjJopMau1111 TOnJIMB­

HhlX Koneu MaJibl. OHM MOryr ocywccTBJI.HThC» B 

npe.nenax oroaopeHHbIX s KOHCTJ)YKUHH peaKTOpa 

3a30p0B 11 He .11,0JJ)KHhl np11B0Jl11Th K KaKHM-JJl,160 HC-

06paT11MblM 113MCHCHIUIM KOHqll1rypauHH A3. MO)KHQ 

Jll1lllb YJl11BJIJITbC», l.fTO CTOJJh HC3Hal.fMTCJJbHh!C, Ka3a­

JIOCb 6bI, .necpopMau1rn rcttcpnpyioT Bb!COKHC ,naune­

HIUI Ha onopbl 11 B036y)K_nal-OT B116pau1111 OTHOCl1TeJJb­

HO )f(CCTKOH nonseCKH. 

3aKJIIO'ICHHe 

B CTaTbC npttBCJlCHhl pC3YJibTaTbl TeOpCTH'JCCKO­

ro HCCJJC.11,0BaHH.H, BbJOOJIHCHHOro B UCJIJIX BblJICHCHl1JI 

npHl.fHH ttey.11,osnernop11TeJihHoro socnpo113scncm1J1 

B pacY.CTaX peaKTOpa Ettr P TaK Ha3bIBaCMOro «nna­

TO» (HJ111 «XBOCTa» ) 11MnyJibCa JlCJJCHHH, B '-!aCTHOCTl1, 

l.fCTKO Bblpa)f(CHHblX OCU11JIJIJIU11H MOU{HOCTl1 peaKTO­

pa na nnaTo. 

IloKa3aHo, "!TO B03MO)KHOH np11l.f11Hoi1 YKa3aHHO­

ro ,necjJCKTa npC)f<HCH MO.ll.CJil1 »BJI»I-OTC» HCy"!TCHHblC 

B ypasHeHM»X .1l.11HaM11Kl1 OCCBblC CMC1UCHl1JI KOJJCU, 

np0113B0.11,11MblC B pC3YJibTaTe HCYCTOHY.11BOCTH pa­

.U11aJibHOrO CMCUlCHl1JI 11Jll1 Kopo6neHl1H KOJihUCBhlX 

nonepC'-IHhlX CC'-ICHIIH. Kaa3HCTaTJ1LJCCKl1C OCCBh!C 

CMClUCHH.H TODJJl1BHhlX KOJJCU OKa3b!BaI-OT MCXaHH'-IC­

CKOC ,naBJJCHl1C Ha onopbl, JlOCTaTO'-IHOC .D.JJH B036y)K­

.ll.CHHJI HH3KO'-!aCTOTHhlX s116pau1111 Cl1CTCM TIO.ll.BCCKJI 

6noKOB A3. IlcpBOHal.faJihHhlC OCCBhlC CMCU{CHl1H TO­

nJJl1BHhlX KOJJCU 11 B03 6y)K_naCMblC 11Ml1 s116pau11H 

6JJOKOB A3 s UCJIOM BHOC»T no6aBO'-IHYI-0 OCUHJJJJM­

pyI-OUlYIO KOMnOHCHTY s pcaKrnBHocrnyI-O o6paTHYI-O 

CB5J3h pcaKTOpa 11 B pc3yJJhT8TC npHBO,llJJT K OCU11JJJJ.H ­

U1111 MOW.HOCTl1 pcaKTopa Ha nnaTO 11Mnynhca. 
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YTO'-IHCHHaH MO.ll.eJJb .ll.11HaMIIKl1 c onep)l(lfT nsa 

TPY.D.HO pacc'-!HTbrnaeMhIX 11 noToMy onpe,ucJIJICMhlX 

113 3KCncpHMCHT8 napaMCTpa. 3TO KO:>Q)<plfUHCHT yn­

pyrocrn TIO.UBCCKH 11 8MIImny.ua OCCBbIX CMCU{CHHH 

TOTTJJHBHhlX KOneu. 

KaK ycTalJOBJJeHO, aMnJJ11Ty,na OCCBblX CMCIUCHHH 

TOCTnJ1BllhJX KOJlCU BCCbMa Mana - He npCBhllII8CT 

0.35 MM. C y"leTOM :noro cpaKTopa. a TaK>Ke l.feTI<OH 

TTOB10p»CMOCTl1 cpopMhl 11MDYJibCa .ll.CJJCHl1H CCTb oc­

HOB8HH» npc,unonaraTb, '-!TO B cny'-!ae peaKTopa 

oHfP )lpaHBCpOM OCCBhIX CMCLI.(CHHH TOCTJJHBHblX 

KOJJCU 5!BMCTC» ,lleTCpM11H11p0B8HHOro TMna Kopo6-

JJCHl1C HX nonepe4HhlX CCl.fCHHH. Ecn11 .ueno o6CTOl1T 

HMCHHO TaK, TO paCCMOTPCHHblC B CT8TbC }18JJCHl1JI He 

y rpo)l(aI-OT 6e3onacHocT11 peaKTopa EI1fP. 

Pc3yJJbTaThl 11 BhlBO,llhJ HaCT05!W.CH CT8TbH CJIC­

.ll.YCT C'-111T8Th npe,nsap11TenhHhJM11. PaccMOTPeHHan 

pac'-!CTHaJJ Mo.n.enb ,n11HaM11KJ1 peaKTopa EHfP noKa 

CO!lCp)l(11T napaMeTJ)bl, 3HatteHl15l KOTOpblX H3BJieKa­

lOTC5J 113 3Kcnep11MeHTa. Pac'-!eTHoc socnpo1nsene1rne 

nnaTO HMOYJJbCa ,ll.CJJCHl1H eme HCJJb35J Ha3BaTh TOl.f­

HbJM. HenbJ}l TaK>KC C TIOJJHOH onpeneneHHOCThl-0 

yKaJaTb rnn ,npai1sepa ,nM a116pau1111 no,nsecoK A3. 

B uem1x .UaJibHCHUJero yrol.fHCHHH Mo,nen11 .n11-

HaM11KH peaKTopa EHrP cne,nyeT pcKoMett.uosaTh: 

- npOBC,ll.CHHC np51MbIX l.{HCJJCHHbfX pac'-!CTOB ( C no­

MOlUhl-0 MHOrDMCpHbIX TCpMOMCXaHl1'-ICCKHX npo­

rpaMM) .necpopMaUHH ,llM nonepC'-!HhlX cetJeHl1H TOD­

mIBHhlX KOJJeu; 

- YfOY.HCHMe paCl.fCTHOH Mo,nen11 B03,llCHCTBHJJ Ha 

,n11HaM11Ky pcaKTopa El1rP o-rpa)l(CHHhIX HCHTPOHOB; 

- :>KCnepHMCHTaJJbHOC onpe.ncneHHC nepHO.UOB 

MCXaHl14eCKl1X nyJibCaUMH, CCJIH T8KOBble o6Hapy­

)l(aTC5! , s onopHblX UJTaHrax 6JIOKOB A3. 

B ,nanhttei1UJeM napannenhHO c YKa38HHhIMH pa-

60TaM11 cnenyeT TaK)f(C BblDOJIHHTh aHaJil13 .ll.MH8Ml1-

'-ICCKOH Mo,nen11 np11MeHHTeJJbHO K peaKTopy EP- lM. 

ABTOpbl CTaThl1 Bblpa)Kal-OT MCKpeHHIOI-0 6naro­

,napHOCTb Xop~eMy B. X. , KoUJencsy A. C . 11 HHKJ1-

T1rny H.. A. 3a noMOUlb B pa6oTC 11 nOJJC3HOC o6cy)l(­

,llCHl1C ec pC3YJJhTaTOB. 
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PACLIETHblE MO,IJ;EJIH TOPM03HbIX YCTPOMCTB HCTIOJIHHTEJihHhIX 
MEXAHli3MOB PAnOlfHX OPrAHOB HMilYJibCHhIX 51,lJ;EPHhIX PEAKTOPOB 

H. A. HHKUTHH 

ct>rYTT «P<P5l.U,-BHl1.l1.3cD», 607188, r. Capon Hi-n1<eropo.n.cK011 o6n. 

OmtcaHbl TOpM03Hble YCTPOHCTOa, np11MeHSieMbJe B l1CllOJJJ-111TeJlhHb!X MeXaHH3Max HMflYJlhCHblX Jl,nepHblX peaKTO­
pOB .LJ.JIJI CHHlKeHHJI y,napHblX Harpy30K Ha opraHbJ perym1poaa1111J1 peaK1 HBHOCTH 11 :meMeHTbl no,nBHlKHOH CHCTeMbl. Pac­
CMOTPeHbl HUlhl H KOHCTflYK'J 118Hble oco6eHHOCTH m-1eeMaT11YeCKl1X II rn,npaBJlHYeCKHX ,neMncjiepOB. TTpe.ncrn1rneHhl pac­
YeTHble MO,UeJlH. TTOK838HO, '-!TO pac'-!eTHbie MO,leJ111 MOlKH0 11Cfl0Jlb3088Tb np11 npoeKT11poeaHHJ,1 TOpM03HblX MexaH113MOB. 

KJ:tiotieBLle CJIOBa: !1MflYJlhCHblH Jl,nepHblH peaKTop, TOpM03HOe YCTPOHCTBO, ,neMncjiep, pac'-!eTHbte Mo.nen11, 11c­
flOJIHJ1TeJlbHblH MexaHH3M, pa60'-!IIH opraH. 

CALCULATED MODELS OF BRAKE SYSTEMS (DAMPERS) FOR ACTUATING UNITS OF PULSE 
NUCLEAR REACTOR CONTROL ELEMENTS/ I. A. NIKITIN // There are described brake systems (dampers) ap­
plied in executive mechanisms of pulsed nuclear reactors to reduce shock loads on the members of reactivity regulation and 
moving system elements. The types and design peculiarities of pneumatic and hydraulic dampers are considered. The 
calculated models are presented. It is demonstrated that calculated models can be used for designing of brake mechanisms. 

Key words: pulse nuclear reactor, brake mechanism, damper, calculated models. executive mechanism, work 
member. 

BBe,ue1111e 

Ha1.J.1rnaJ1 c 50-x ro.n.on, B 1<a<1ecTBe MOU(HhIX 11c­

TO<IHHKOB Hefrq>OHHOrO 11 y-113ny<IeHHM B pa3nHYHblX 

o6nacrnx HayK11 11 Textt11K11 w11po1<oe pacnpocTpaHe­

tt11e nony<I11n11 11MnynbCHble JI..LJ.epHble peaKTOpbl 

(l1.5IP), 06ecne,11rnaiom11e rettep11p0Baime 1<011Tpom1-

pyeM1,1x H nOBTOp.HeMbIX BCCTbIWeK .LJ.C_llCHHJI aTOMHblX 

.!i..LJ.Cp [l]. 
Cneu11cp11Ka ynpaBnemIB l1.5IP onpe.n.em,eTCJI 

oco6eHHOCTJIMl1 B pC)l(J1Max pa60Thl KOHKpCn!Oro 

ycTPoiicrna. Ha l1.5IP 11cnon1,3yKncJ1. cnc.n.y10mHe pe­

)l(J1Mh1 pa60Tbl: CTaUl10HapHbltt, KB33111It.mynbCHbltt , 

HM□ynhCllbiii C OCTaHOBKOH CTCp)l<HJI B UCHTPC aK­

THBHOH 30Hbl 11 11M□ynhCHblH C nponeTOM CTCp)l(fUI 

<Iepe3 aKTMBHYI() 1011y. Pe)l(HMbI pa3n114al()TCJ1 cpyHK­

u110HanbHbIM Ha3Ha'lCH11CM, npenenbHblM11 ypOBfUll\111 

OCHOBHblX napaMCTPOB H anropHTMOM ynpaenc­

HI-UI [1, 2]. 
He3aBIICl1MO OT pC)Kl11\1a pa6oTbl yCTaHOBKII npo­

uc.n.ypa reHcp11poBaH11.!I 11Mnyn1,ca, KaK npa011no, 

ocymccTBflJICTCJI C □OMOU(b!O HCDOJlHMTenbHblX MC­

xaI-UI3MOB (HM), npe,ntta311a4CHHhIX .n.n.H ncpeMCU(C-
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HHJI pa6o<IHX oprattoB (PO) B aKTHBHOH 30He peaKTO­

pa [3]. Oco6eHHOCThIO l1.5IP J1.BJ1J1eTcJ1 Hanwrne HM 
PO .n.mr 6hICTPOro nepeBo.n.a peaKTopa B Ha.n.Kp11rn<Ie­

cKoe COCTOJIHHC no MTHOBCHHhlM HeHTPOHaM, a TaK)l(e 

cpopM11poBaH11J1 3a.n.ttero cppoHTa HMnyru,ca .n.enem,ii. 

B 06011x cny4aHx 11cnon1,3yl()TCJ1 6bICTPO.LJ.eikrny10-

IIJ.MC HM, B COCTaB KOTOphIX BXO.LJ.JIT TOpM03HhIC ycT­

pOHCTBa, 06ecne1.J.11Bal()ll(l1e coxpaHHOCTh H pa60TO­

cnoco6HOCTh IIICX3Hl13Ma B uenoM . 

06ru,ue npHHI.Vtnhl pa3pa60TKH 

TOpM03HhlX yCTpOHCTB 

TTp11 pa6oTe 61,1cTPoneiicTBymmcro l1.M no.n.B11)1(­

HaJ1 Cl1CTCMa BO Bpcwr ycKopeHHOro .LJ.BJ1)1(eHl1JI npu­

o6peTaeT 3Ha<I11Te.r1h1-1y10 KHHCTil<ICCKYK) :mcpnuo. Bo 

H36C)l(UHHe y.n.apHblX Harpy30K Ha '.)flCMCHThI 11M npe­

.LJ.YCMaTPMB31()T cncu11anbHble .LJ.CMnqmpy1oll.(11e ycT­

poikrna, 06ecne<I11Bal()IIJ.HC TopMO)KCHHC 110.n.BIDKHOM 

Cl1CTCMbl. 0cHOBHblM11 □OKaJaTen.JIMH K3'lCCTBa .LJ.CM□-

cpcpa J1Bfl.!ll()TCJ1 0cn11'-1.11Ha :mepnm nornolI.lCHHJI 11 xa­

paKTep II3MCHC111151 Harpy3Kl1 npH TOpMO)KCHl111. 



Pa6orn, cosepwaeMaH TOpM03HhIM yclpoikTBOM, Tip11 npoeI<rnpoBaH1111 rnpM03Horo yclpoiicrna 

onpe.n,en.HeTc.H 113 cooTHOIIJemrn HM PO pewaeTc.H KOMnneKc TCXHU'ieCKHX 3a.n,att, 

.\KOH 

A= f P(x)dx. 
0 

r.n,e P(x) - c11na, .n,eiicrnyiowaH Ha no.n,sm1rny10 c11c­

TeMy, x - pa6oLJHH XO)l )lCMncpepa. 

TeXHHLJeCKHH np111-1u11n, 3anO)KCIIHhIH a KOHCT­

PYKUHIO TOpM03Horo ycTpoircrna, onpe)len.HCT xapaK­

Tep B03)lei-icTBHH Harpy3KJ1 Ha nO)lBJ1)KHYlO CHCTeMy. 

rpaq>l1Kl1 113MeHCHM51 Cl1nbl OT nepcMCIUemui, B 3aB11-

Cl1MOCTH OT THna )leMnq>epa, npC.!lCTaBnCHbl Ha p11c. l. 
113 pttc. l BH.!lHo. Y.TO rn.!lpasm1LJecK11i-! )leMn­

q>ep ] C nOCTOSIHHhIM KOilbUCBblM 3a30pOM MO)KeT 

C03)laBaTh 3Ha'i!1TenbHhl C y.!lapHbie Harpy3KH B Ha­

'-laJlhHOH q>a3C nepeMClUCHl!SI, 11 :no o6crnnenbCTBO 

orpa1-111tt11saeT np11Me1-1e1-111c )laHHoro cnoco6a B Ko11-

ClpyKu1111 )leMnq>epa. Mc□onhJooa1-111e BHTOH npy)l(11-

HhI 4 B KaY.ecrne .neMrnpepa HC npaKTHKyeTCH, TaK KaK 

np~HHa np1106peTaCT co6CTBCHHYIO KJ-IHeTHY.CCKYIO 

:meprn10, KOTOpan npOH3B0LlHT 06parny10 pa6ory. 

I 
I 

I 

-- -
nepeMemem,e. x 

I 

I 
3 / 

I 

- - --
\ 
\ 
\ 
\ 

PHC. 1. fpacjrnK H3MeHemui CHJlbl B JaBl!CHMOCTH OT nepe­

MeLUeHilll npH TOpMO)KeHHH Ha .ue1,111cjiepe: 1 - fH.!lpaBJIHYe­

CKHH .ueMncjiep C noCTORl:LH.hlM KOJlbUeBb!M 3a3opoM; 2 -
m.upaBJIHYeCKHi-i .ue~mcj)ep C nepeMeHHblM KOJlbUeBblM 3a-

30pOM; 3 - n1-1esMamYecK11i1 .ue~mcjiep; 4 - ynpyrn?t JJieMeHT 

C)KaTHR (11p~HHa) 

l11nepec npC)lCTaBil.HIOT fl1)lpaBnlfLICCKHC )lCMn­

q>epbl C nepeMCHHbIM KOllhUCBblM 3a30pOM 2 11 nHCB­

MaTT1'ieCK11e )lCMn<pepbl 3. Ha J15IP )lllH TOpMO)Kemrn 

nonnmKHOH Cl1CTCMbl (B JaBHCHMOCTII OT BCilH'·HlHhl 

JHcpnrn nornowemrn:) 06h1ttHO 11cnonhJy10Tcn rnn­

pannH'-1ecK11e )lCMncpcpbl C nepeMCHHblM KOllbl\CBblM 

3a30p0M 11n11 nHeBMaTl14eCKHe TOpM031lblC yCTpoikT­

sa B pa3ll11'-!HblX HCnonHeHHHX. 
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B l.faCTHOCTH, onpc.ne.ru110TC.SI: 

- lpC6ycMa.H ::rncproeMKOCTb YClpOHCTBa, no KO·· 

rnpott Bh1611paeTc.H nm .llCMn<pepa; 

- xapaKTCp 11 JHalIe1-111e 1-1arpy3KH, neiicrnyiowei:i 

Ha JneMeHTbl 11 Y3llbl nO)l811)1(H011 CMCTeMbl; 

- KOHCTPYKTHBHhIH 06m1K rnpM03Horo yclpOH­

crna. 

PacqenrnH M0AeJlh nHeBMaTH•1ec1rnro 

T0pM0JH0ro ycTpOHCTBa 

,l.J,n.H ncpeso)la l15lP B TIO.D.Kpl1Tl1lJCCKOC COCTO.H-

1-111e l.faCTO 11cnonb3YCTCH TCXHH'iCCKl1H npueM, CB.SI­

JaHHbltt co c6pocoM PO no.n .n.ci1crn11cM c11nb1 T.SI)Ke­

cn1. Ilp110 6peTCHHaa no.n;BJ1)KIIOH c 11cTeMofi K11HeT11-

lfCCKa.H 3Heprn.H nornowaeTC}I Ha TOpM03HOM ycTp011-

CTBC. llptt 11CTIOllb30BaHHl1 n HCBMaTl14CCKOro )lCMn­

cpcpa B KalfeCTBC TOpM03HOro y c TpOHCTBa cnc.n;yeT 

YlfHTblBaTb, 'iTO 803.!lyx o6na.n.aeT BblCOKOII C)l(l1Mae­

MOCTblO. ,l.J,aHHOC CBOHCTBO ra3a .SIBnHCTC.SI nonO)Kl1-

TCilbHblM cpaKTOpOM )ln.SI HalfaJibHOH Q)a3bl ncpeMe­

lUCHH.H PO, TaK KaK J<p<pCKTHBHOCTh PO n aKTl1BHOH 

30HC peaKTOpa npe.D.CTaBMeT cpyHIQ\11!0 811)la 

J sin 
2 xdx. B K01-1e•rn011 <paJc raJ np11 C)l(aT1111 npo113-

BOJJ.IIT o6paTHYlO pa6oTy, 11 no,nBH)l(Haa CHCTCMa MO­

)KCT coaepwaTb 3Ha411TenbHb1e Konc6att11.H ( ocu11nnH­

u1111) Ha B03.!I.YlllHOH no.nywKc. Tio3TOMY np11 npoeK­

T11posaH1111 IlHCBM8Tl14eCKOro .1l.CMn<pepa B pa60lfeti 

n onOCTH U11lll1HJlpa He06XO)lHMO npe.nycMalpl1BaTb 

.n.poccenh, KOTOpbIH c yYCTOM YTClfKH pa604ero raJa 

LICpC3 KOHClpYKTHBHblC 3a30pbI CHJ1)K8eT ypoBCHb 

OCUHJlnall,1111 nO)l811)KHOH CHCTCMbl 11 COKpawaeT npc­

MH pa60Tbl MCXaHH3Ma. 

PacCMOTp11M l1M, B KOTOpOM TIO)l811)1(H8H Cl1CTe­

M8 Maccoi:i 30 Kr ncpeMemaeTc.sr non .nc11crn11eM c11-

nh1 T.H)l(eCTl1 Ha flYTH 0,215 M, a TOpMO)l(CHHC np0113-

BO)lJITC.SI H8 nHCBMaTHY.CCKOM )le~m<pepc C XO)lOM 

0.12 M. l13 ycnos11a KOMnOHOBKH l1M )lCMn<pep co­

CTOl1T 113 .n.ayx nHCBMaTH'-ICCKIIX L\11ll11H)lp0B )lHaMeT­

poM 0,032 M, pa60411e TIOJIOCTH KOTOpblX CB.H3aHhl 

Tpy6onpOBOJlOM. PaclfCTHa}I CXCMa nHCBMaTH'¾CCKOro 

rnpM03Horo yclpOHCTBa npe.n,crnsncHa Ha pttc. 2. 
PaclfeTHa.H MO)lenb nHenMaTl14CCKOro )lCMncpcpa 

cornaCHO [ 4] BKnlOttaCT: 

- ypaBHCI·ll1e )l8J1)KCHH}I nO)l8J1)KH011 CHCTeMbl 
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P11c. 2. PaclJeTHal! cxeMa nHCBMaTH'lCCKOro TOpMO3HOro 

YC1l)OllCTBa: I - pa60'laJI fiOJIOCTb umIHH,,lpa; 2 - 1l)y6o­

nposo.n; 3 - .npoccenb 

- ypaBHeHJ-UI COCTOllHJ,UI ra:ia B pa60'ieti TIOJJOCTl1 

TIHeBMOU11JJHH.D.pa 

r.uc 

k- 1 

T1=T;(:~)k 
dpJ k dx k-1 
-=----p , - - -----£ .. 

dt ( l + h - X) J dt Fi ( l + h - X) JI 

- BCJJl1'il1Hhl, BXO.D.lllll11e B ypaBHeHIDI (1) 11 (2), 

k 
£ .. =-RT-(c .. +G1 .. ) • 

JI k -1 , JI JI , 
T -=_!j_ 

J Rpi' 

Gj; ~ µp/ptp( :: )J k2~ l PjPj; 

1Uls3p . 
G,1; = 12li~ (PJ - P;); 

0,2588 np11 }!_j__::; 0, 528; 
PJ 

(2) 

np11 }!_j__ > 0, 528; 
PJ 

i = j+l; j = l. 

3.D.eCb m. X , h - np11BCJJ.CHHall Macca, KOOp.D.I-1HaTa ne­

peMCUl,CHHll 1-1 BCJUl'iHHa cao6o.uttoro na}],emrn TIO}],-

45 

HH)l(HOH c11cTeMhI ; PJ, PJ, T; - JJ.aaneHHe. nnoTH0CTb 

11 TeMneparypa ra3a s pa6oY.ett nonocn1 u 11n 1111JJ.pa; 

p; - aTMoccpcpttoc .uaancH11e; F;, F1 - nrroma.n.b nopw­

m1; g - ycKopctt11e cao6onttoro na.ueHHll; PTfJ - CHJJa 

TPCHI-UI; k = l ,4 - K03<p<pHUHCHT a.u11a6aTb1;jj;- nno­
maJJ.b .upoccemI; R - ra:ioBall IlOCTOllHHall: µJ; - hO::Jcj) ­

cp11u11eHT pac xona; L - TOpMo3HOM rryrh; G 1 - yreYKa 

ra3a no KOJJhUCBOMY 3a3opy; d - cpe.D.HHM .u11aMCTP 

KOJlhUCBOro 1a30pa; S - w11pirna 3a30pa; Li - .D.JIHHa 

nopWHll; Tj - ,'lHH8M l14CCKall B.ll3KOCTh ra3a. 

PaC4CTHall H '.)KCnepHMCHTaJihHa.ll 3aBJ1Cl1M0CTH 

ncpeMCWCHIHl TT0.11.Bli)l(HOH CHCTCMhl OT BpCMCHH .D.11.ll 

paccMaTp11RacMoro HM npe.ucraaneHhI Ha p11c. 3. 

0 --.,;:---------- -----,-------, 

-5 +- 'I_,_ ________ _ -+----~ 

~ -10 ~ \,,-----r------+------i = ,- --2 "1 

" 3' -15 -'------•,~----- --+----.....; 
" :. 
g--20 t-------';-y--___:~::.::;;::;:::::;;::;;:;;;:::;;;:!,,. 

C 
-25 +-----r-----,-----+------i 

0 0,2 0,4 
BpeMJI, c 

0,6 0,8 

P11c. 3. 3aBl1Cl1MOCTb nepeMemeHI-UI fiO.llBIUKHOH CHCTCMbl 

OT speMeH11: l - 3KCnep11MeHT; 2 - pacYeT 

Pac'ieTHa.ll 3aBl1Cl1MOCTh H3MeHeHIDI CKOp0CTH 

TIO}],BH)KHOH Cl1CTeMhl OT BpCMeH11 npe.D.CTaBJJCHa Ha 
p11c. 4. 

113 rpacpHKOB Ha p11c. 3 l1 4 BH,ll,HO, 'iTO KOHCT­

PYKTHBHhle napaMCTPhI ntteaMaT11'ieCKOro .D.eMncpepa 

no.D.06paH.h1 onT11Mam,tto. Ocu11.1uumIDI no.uaIDKHOH 

Cl1CTeMbl Ha KOHe'iHOH cpa:ie nepeMCl1{eHIDI He3Ha'iH­

TCJ1bHall 11 npaKTl1'ieCKl1 TIOJIHOCTbJO 11CKJJIO'ieH )KCCT­

KHH y.D.ap. 

1.5 

1.2 

u 0.9 

1 
0.6 ..0 

ti 
0 0.3 
a. 
0 

"' u 0 

-0.3 

-0.6 

0 O,'.! 0.4 0.6 0.8 

BpeMJ1, c 

P11c. 4. PacYeTHal! 33811C11MOCTb 113MCHCHI-UI CKOpOCTI-1 

no.namKHOfl CHCTCMbl OT speMCHl1 



ru.upaBJJH'-leCKHe TOpMOJHble yCTpOHCTBa 

McnoJib3oaam1e r11.npaan11qecKoro np.11Hu11na 

TOpMO)KeHI-:IJI DO3BOIl5!eT COJ,!laBaTb KOMD8KTHbJe J,i 

JHeproeMK11e ycrpoikrna. B octtoay np1mu1ma no­

llO)l(eHo 11cnO1lb3OBam:1c Cl1Jl m1epu111-1 )I(J1,D.KOCTJ1 11p11 

npoxo)K.nemrn ee qepc3 KOJibl.(eaoii 3a3Op. no xapaK­

Tepy Bhl6poca )KH)J,KOCTJ1 OTHOCHTeJibHO nJiym1<cpa 

rn)J.paa1111qecKJ1e .neMnq>epbI no.npa3,nem110TCH Ha .naa 

T11na: acrpe'iHoro c6poca 11 c6poca no xo,ny. CxeMhI 

r11.npaBJIM'ieCKl1X ,LI.CMIIq>cpoB C nepeMeHHbIM KOJibUe­

BhIM 3a3OpOM npe,nCTaBJICHbl Ha p11c. 5. 3a,naqa pac­

'ieTa rH,npaamI'ieCKOfO .neMnq>epa COCTOHT B OThlCKa­

Hl1H 3aBl1CHMOCTl1 113MCHemrn 3a3opa B,D.OJib TOpMO3-

HOfO nyrH. Ilp11 He6onbw11x no cpaBI-1em110 c pa;l!1y­

coM IlJJytt)Kepa KOJihUeBbIX 3a3Opax .ll811)KeHJ1C )KJ1J.l­

KOCTl1 paccMaTp11BaeTC.8 KaK .nsy111epHoe, ycTaHOBHB­

llleec.H [5]. 

v,. 

a 6 

P11c. 5. CxeMa r11JJ.paam1YeCKoro 1IeJ.mcpepa: a - BC'fl)e'-!HhtH 
c6poc >Kl1)1KOCTH; 6 - c6poc )KHllKOCTH no X01l)' 

Pacl.fCTHaH MO.l{CJ1h ru.upaBJJHl.fCC~OfO 

yCTpOHCTBa BCTpe11uoro c6poca ,KH,LJ.KOCTH 

,nn.H onpc.neneHHH CKopocT11 nepc111ememrn nnyH­

)KCpa B KaMepe, HanOJJHeHHOli )1(11,llKOCTbIO, paCCMOT­

p!iM pactJernyIO cxeMy, npc)J.cTaanem1yIO Ha p11c. 6,a. 

Ilnoma,nh KOJibl.(eaoro 3a3Opa 11CTC'ieHHH )KJ1)J,KO­

CTII q>(x) paatta q>(x) = S0 - F(x) , r)J,e So - nno­

ma.nb Ce'ieH1rn KaMepbt; F(.\) - IIJIOll,\a,nb llJlytt)l(epa. 

Pacc111orp11M: 

- ypaattem:1e Eepttynn11 .na11)KeH11H )1(11.llKOCTII 

- ycnOBHe Hepa3pbIBHOCTI1 OOTOKU 

q>(l;)v(I;) = q>(x)v(x); 

- ypaB1-1eH11e .na11)1(c1111,i: nnytt)l(epa 

d 2x 
111-~- =-P. 

dr 

(4) 

(5) 
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r.nc p(~) 11 p(x) - .naanem1e )Kl1,LI.KOCTl1 B ceYeHHJIX I 
11 II; v(~) U v(x) - CKOpOCTb )1(11,[lKOCTM B CC4eHHJIX J 
11 II; p - nJIOTHOCTb )1(11,LI.KOCTM; q>(~) H q>(x) - nno-

1..1.(a,!lb KOJibUeeoro J83opa B ce'-!CHJUIX I 11 II; 111 - Mac­

ca nnym1<epa (no.ns11)KHaJI cHcTeMa); P - c11Jia conpo­

mancH11JI; X - TeKyIUaJI KOOp,D.11HaTa ncpcMeIUCHHJl 

nnyH)Kepa. 

I ,, 
q>(x) 

F(x) 

...,. 
J 

So 

a 

Pu 

II 

I r 

' 
v,. 

q>(x) 

6 

P11c. 6. PacYeTttrui cxeMa rH.l.lpaa1111yecKoro 1IeMncpepa 
BC'fl)e'llioro c6poca )1{11,UKOCTH 

~ CHMMCTp114HhIX TCJI, pacnoJIO)KeHI-lhIX TaK, 

'-!TO OCb CHMMeTpHH HanpaaneHa 110 llOTOKy, c11na 
8O3.[lCttCTBHH llOTOKa 11MCeT TO )KC HanpaaneHHe (no 

llOTOKy). B 3TOM cny'iaC HMeeT MCCTO Cl1Jla no6oaoro 

conpOTHBJieID!JI. C11na conpOTHBJieHHH 3aBHCHT OT 

cj)opMbl 11 pa3MepoB Tena, OT CKOpOCTH OOTOKa 11 OT 

qll13H'-!eCKHX CBOHCTB )KH,!lKOCTH, OHa nponopl.(HO­

HaJlbHa nnol..l.(a,n11 nonepe'lHoro ceqcHHJl Tena F(x), 
CKOpOCTHOMy Hanopy pv

2(x)/2 11 K03qlqJHI.(HeHTy co­

npOTHBJieHHH Cx, I'11,npo,n11HaMl1'-leCKOe B03,D.eHCTBHe 

crpy11 Ha nnymKep MO)l(HO 3an11caTh B BH,ne 

X 

Q(x)= f cxp(l;)dF(I;). (6) 
0 

3.[\CCb Cx - K03q>q>~ll.(J,teHT no6oaoro conpOTI:IBJICHHJI, 

3aBHCl!T OT q11cna PeHHOJib,nca. 

TTpose.nJI HeKOTOpblC npeo6pa30BaHHJl C ypaBHC­

HMJlMH (3), (4) H no.ncTaBHB MX s (6), nonytJHM ,nJIJI 

ycHJIHJI ru.npot1,11HaM11'ieCKOfO B03,[leHCTBH.8 CTpytt Ha 

IIJIYU)Kep Bblpa)l(CHJIC 

----



rae 

(8) 

C y'-leTOM OTpa)Kemu1 CTJ)YH noa yrnoM a ypas­
HeH11e (8) 3an11weM s s11ae 

'V1(x)=\Jf(x)+2[1+cos(a)Jj\Jf(x). (9) 

B OKOH'-laTeJlbHOM 811,lle yc11n11e 803,ll.ettCTBIHI 
CTJ)YH Ha nnyH)Kep 11MeeT B11.ll. 

pv2(x) 
Q(x)=cx-~So\Jf,(x). (10) 

2 

Ifa ypaaHem111 (5) 11 ( 10), C Y'ieTOM Toro, '-!TO p = 
= Q(x), nocne HeKOTOpbIX npeo6pa3osatt11i1 onpeae­
m1eM CKOpOCTb ,ll.BJ1)KeH11J1 nnyttmepa, 

[ 
pS X l v(x)=v0 exp -cx-0 fljf1(x)dx. 
2nz 0 

(11) 

)J,m1 onpeae11emu1 cpyttKu1111, on11cbrnaiomei1 npo­
cp1111b nJiytt)Kepa, 11cnOJib3yeM pac'-leTH)'lO cxeMy, 
npeacTas11eHHy10 Ha p11c. 6,6. 

PaccMOTJ)l1M: 
- ypasHeH11e B03,ll.ettcTBl1SJ cTpy11 Ha nnytt)f(ep 

Q ( X) = C x pv;_ ( X) F ( X) ; 
2 

- YCJIOBJ-Ie Hepa3pb1BHOCTl1 B B11,ll.e 

cp(x)v)l((x) = F(x)v(x); 

- ypaaHett11e coxpaHeH11J1 Jttepnm 

(12) 

(13) 

nz[vJ-v2(x)] x 

--=-----== f Q(x)d(x) = Qx = umgx , (14) 
2 0 

rae Vo 11 v(x) - Ha'-!MbHM 11 TeKymaJI CKOpOCTb nnyH­
)KCpa; u - neperpy3Ka, aeiicTB)'lOll{aJI Ha nJiytt)Kep; 
g - ycKopett11e cso6oattoro naaeHI1H. 

TipoBe,ll..SI HeKOTOpb1e npeo6pa30BaHH.SI C ypaaHe­
Hl1JIMl1 (12), ( l3) H ( 14 ), nony'-laeM ypaa11e1-111e a suae 

11 

p( 2 )[F2
(x) ] umg - v0 -2ugx ----1 =--. 

2 q,2 (x) F(x) 

BseaeM 3Ha'-lcttm1 
2 

h=l 
2ug 

(15) 

(16) 

(17) 

47 

TIO,ll.CTaBAA.SI 3Ha'-leHl1H (16) 11 (17) B ypaBHC­
HHC ( LS). nony'-laeM ypas1-1e1-rne TpCTbCH cTcnett11 

)],nJI pewemu1 ypasHeH11JJ ( 18) 11cnoJib3yeM cpop­
Myny Kap,llatto [6]. YpaaHeH11e HMCeT TJ)H ,llettcTB11-
TCJ1bHbIX perueHIIH, TaK KaK ,ll.HCKp11Ml1HaHT aa1rnoro 
ypaBHCHHH MeHbWe HYJJSI. O,ll.HO 113 pCWCHl1H OIDJCbl­
BaCT HY)KHYlO HaM cpyHKUIIIO 113MCIICHl1JI nnowa,ll11 
CClfCHHJI nnyH)KCpa OT ,ll.JIJ1Hbl. 

Ha p11c. 7 npHBC,ll.CHbl paClfCTHblC 3aBHC11M0CHl 
JJ:JMCHCH11J1 paa11yca (R) no JlJJMHe nnym1<cpa (X) np11 
T0pM0)KCHl-111 n0,ll.811)1(HblX CHCTCM C pa3Jll1'-IIIOH Mac­
COH Ha fl1,ll.paBJll1'-!eCKOM ,ll.CMncpcpe, Ha'iaJJbHa.SI CKO­
pOCTb 15 Mic (,ll.11aMeTp f11,llpaBJJl1'-leCKOH KaMepbI 
0,03 M, TOpM03HOH nyTb 0.2 M). 

)],AA onpc,lleneH11n npocp1111n nnytt)Kepa .ll.JJH aeMn­
cpepa BCTJ)C'lliOro c6poca )1{11,11.KOCTH MO)KH0 11C0OJlb-
30BaTb 6onec npocTy10 cpopMyny - Kaa,11.parnoe ypas­
HCH11e 811,ll.a 

Pcwett11eM ypasHeHI1H (19) SIBJISICTCH KOpeHb 811-
,11.a 

S0 (2-aS0 )-S0✓(2-aS0 )2 -4(1-2aS0 ) 
F(x)= 2(1-2aS

0
) · 

(20) 

)],AA cpaBHeHl1..SI pe3yJJbTaTOB peweHHH ypaBHe­
HHH (18) 11 (19) npoaeaettbl pac'-ICTbI no onpcaenc­
Hl!JO npocpwAA n11ym1<epa rnapasn11'-!ecKoro aeMncpe­
pa np11 TOpMO)l(eHJ-111 IlO,ll.BJ,l)KHblX CHCTeM C pa3JJW'-I­
HOH MaCCOH 11 Ha'iaJJbHOH CKOpOCTblO 15 Mic. 3Ha'-le­
HI1H pam1yca R,(x) - perneH11e ypasHCHH..SI (18) - H 

paa11yca R2(x) - perncm1e ypasaemrn (19) - npe.ll­
crnsneHbJ Ha p11c. 8 B B11,ll.e 3aBHCl1MOCTl1 pa3HOCTl1 
R'J.(x)- Ri(x) OT ,ll.Jll1Hbl nnyHJKepa. 

KaK 811,ll.HO 113 p11c. 8, peweHHC ypaBHCHI1H (19) 
,llaeT 6onee Bb1coK11e 3Ha'-leHI1H no cpasHett111-0 c pe­
wem1eM ypastteHHH (18). Orn11'-!11e pe3ynhTaTOB co­
crnsn.aeT e,ll.11H11Ubl MHKp0H, KOTOpbLM11 B peanbHblX 
ycnosm1x np11 113roTosneH1111 npo<p11JI.SI nnyttmepa 
MO)l(HO npeHe6pe'-lb. 

TeM He Mettee cneayer oTMeTHTb, '-ITO o6nacTb 
□pHMeHCHH.SI ypaBHeHH..SI ( 19) orpaHH'-leHa ,ll.JIHHOH 
OJiytt)f(epa BBH.ll.Y ,ll.MbHettlllero 3Ha'-IHTeJihHOfO pac­
XO)l(,ll.CHJ151 napaMcTpa R2(x) - R,(x). Tip11 onpeaeneHH11 
npocjmn..SI nJiytt)Kepa o6nacTb onTHMaJThHOro np11Mette­
H11..SI ypasHeHH.SI ( 19) COOTBeTCTByeT x~0.3 M. 
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PHC. 7. Pac4eTHall 3aBHCl1MOCTh ll3Me11emui pai111yca no ,UJllrne n.rryH)Kepa npH TOpMO)KeID!H no,UBll)KHOII CIICTeMbl 
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P11c. 8. Pac4eTHaJI 3aBl1CllMOCTb pa3HOCTH Ri(x) - R,(x) OT ,11,JlHHbl nnyH)Kepa: 

I - Macca 15 Kr; 2 - Macca 50 Kr 

Ha 1-UIP CKOpOCTh ncpeMCIUCHIDI PO llBJUieTcl! 

onpe.D.enmom11M napaMcrpoM. 3Ha'!e1rne cKopocrn 

11 KOHcrpyKTl1BHal! cxeMa HM onpc,ll.enl!IOT ypOBHl1 11 

xapaKTep ttarpy3Kl1, ,1J.eikTBy10mdi Ha :meMeHTbl 

11 Y3Jlbl TIO.D.B11)KHOH Cl1CTeMbl. Macca Cl1CTeMbl BJ111ll­

eT Ha :rnepr111O ra3a, aKKYMyn11poBaHHY10 B pec11Bepe, 

11 3HeproeMKOCTb TOpMO3HOro ycTpOHCTBa. 

Hanp11Mep, Ha peaKTope EP-Kl rettep11poBaH11e 

11MOYJJhCa ,1J.eJieHl1H npO113BO)].11JlOCb B pC)l(l1Me npone­

Ta HMnynhcHoro 6noKa (HE) OTHOC11TeJibHO aKTHBHOH 

3OHbl CHl13Y BBepx co CKOpOCTblO - 15 Mic. KoM611-

H11poBaHHbll1 MeXaHl13M nepcMemaeT HE, B KOTOpOM 

ycKopeHHOe ,ll.Bl1)KeH11e npO113BO,ll.HTCll nHeBMaTl14C­

CKI1M np11BO,ll.OM (XO)]. 0,42 M). a TOpMO)l(eHHC ocyme­

CTBJJl!eTCH Ha rn,1J.pasm1YCCKOM ,ll.CMmpcpe C ncpc­

MeHHbIM KOJlbl..lCBblM 3a3OpOM (XO)]. 0,2 M). Kottc-rpyK­

Tl1BHble napaMCTpbl OHCBMaTI14CCKOrO MCXaHH3Ma 

np11BC,ll.CHbl B pa6oTe [7], a npOQJlillh nnyH>Kepa 

.D.eMncpepa pacC411TbIBaJJCll no cpopMyne ( 19). 
Ha p11c. 9 npe.D.CTaBJICHbl paC4CTHblC 3aBl1Cl1MO­

CTl1 113MCHeHl1ll CKOpOCTH 11 nepeMelUCHl1ll HE OT 

BpeMeH11 Ha peaKTope EP-Kl. 
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Pnc. 9. Pac'!eTHble 3aBJICHMOCTH H3MeHeHHJI CKopocn1 

H nepeMemeHHJI 11£ OT BpeMeHH Ha peaKTope EP-KI 

fpacpHK, 11J1J1JOCTp11py10m11i1 yposH11 11 xapaKTep 

ttarpYJKH, ,1J.c11cTBy10mci1 Ha :>neMCHTbJ 11 Y3Jlbl no,1J..B11)1(­

HOH CHCTCMhl, npH ncpeMelUeHl111 HE co CKOpOCTblO 

- 15 Mic (pcaKTop 6P-Kl) npe.D.CTaBJieH Ha p11c. 10. 
113 rpaqmKa p11c. 10 BH,ll.HO, 4TO )].Jlll TIOJJY'ICHHll 

CKOpOCTH nepeMelUCHl1.ll l1E - 15 Mic 3JICMCHTbl OO)].­

BH)l(HOH Cl1CTCMbl OO,ll.BCpralOTCll 3Ha1<oncpcMCl1HblM 

Harpy3KaM, 3Ha4em1c nepcrpy31<11 no MO.D.ymo co­

crasnl!eT 6onee 130 g. 



co 

80 · 

60 
40 

20 · ----1--

~ O · 
~ -20 

-40 

-60 
-80 .,__ _ _._ _ _,_ _ __._ ___ _ 

0 0,01 0,Q2 0,03 0,04 0,05 0,06 0,Q7 
BpeMJ1,c 

PHc. 10. fpa¢11K H3MeHeHJ,U! ycKopeHID! (B e.nHHHUaX "g") 
OT apeMeHH np11 nepeMe1UeH1111 l16 (6P-Kl) 

Paclf.CTH3H MO,lleJib runp aBJJH'leCKOro 

yCTpOHCTBa c6poca :lKH,llKOCTH no XO.llY 

r11.npasm1qecKoe TopM03Hoe ycTPoi1crno c6poca 

)Kl1,nKOCTl1 no xo.ny OTJ111'iaCTC.!! OT pattee paCCMOT­
peHHOro TCM. 'ffO pa60'il1M :meMeHTOM, IlOMl1MO 

nnymKepa, .!!BJlJICTC.!! KOnbUCBOH Bb!CT)'TI nnoma.nblo 

!1F, KOTOpbIH socnp111U1MaeT OCHOBHYIO ttarpy3KY 
np11 TOpM0)KCHHl1. KonbUCBOH BbICTyn 3Ha'IHTCnhHO 

CHl1)KaCT .n:asneH11e )KJ1.D.KOCTJ1 B pa60'iCH KaMepe, 'ITO 

.!!BJlJICTC.ll onpe,neJlJIIOU{l!M cpaKTOpOM urnpOKOro np11-

MCHCHl1.ll .neMncpepos .naHHOrO Tl1na s 6bICTPO.UCHCT­

BYJOIUl1X MM PO. Pac'ieTHa.ll cxeMa ,neMncpepa c6po­

ca >K11,n:KOCT11 no xo.n:y npe.ncTasneHa Ha p11c. 11. 

D.F 
cp(x) 

F --
X 

P11c. 11. Pac<JeTHaJI cxeMa ru.npaaJJ11<JecKoro .neMncj>epa 
c6poca )trn.nKocrn no xo.ny 

BJa11M03as11c11MocTh napaMCTPOB B pac'ieTHOH 

CXCMC Onl1CblBaCTC.ll COOTHOWCHl1.!!Ml1 cp ( X) = 

3as11c11MOCTb npoqmm1 nny1rnccpa onpe.nenReM 

C np11BJJC'iCHl1CM: 

- ycnOBl1.!! HCpa3pblBHOCTl1 noTOKa B B11.D.C 

(21) 

- ypaBHCHl1.!! ,U811)KCHl1R >Kl1,D,KOCTl1 

Pv2 (x) pv2 (x) 
; +px=; +p(x)=const; (22) 

- ypaBHCHHR .UBJ1)KCHH.ll nnytt)Kepa 

r.ne Px, p(x) - .nasneHHC )1(11.D.KOCTH Ha BhIXO.LJ.C 113 Ka­

MCpbl 11 B KaMepe; v;t((x). vn(x) - CKOpOCTb )l(HJJ:KOCTl1 

11 nnyH)Kepa; p - nnornocTb ,1rn.nKocrn; <p(x) - nno-

ma.nh KOnhuesoro 3a3opa; m - Macca nnymKepa (no.LI.­
B11)1(HbJe qacrn MexaHl13Ma); Q - cnna conpoTHBne­

Hll.ll; X - TCKyIUa.ll KOop.n11ttaTa illlytt)J(Cpa; U - neperpY3-
Ka; g - ycKopett11e cso60.LI.Horo na.LI.eHIDl; t - speM.ll. 

11HTerp11py.ll COOTHOWCHHC (21) 11 pa3perua.ll ero 

OTHOCHTCJibHO v;K(x), nony'ICHHOC Bblpa)KCHHe TIO.LI.­

CTaBnRCM s (22). Ilonara.!!, 'ITO JJ:BH)KCHHe CTPYHHOe 

11 Px = 0, nonyqaeM 

(x)=pv~(x) !1F [ M +2]. (24) 
p 2 cp(x) cp(x) 

yfa ypa.BHCHH.!! (23) HMCCM 

(25) 

r.LI.e Vno - Ha'ianbttaH CKOpOCTb IIJ1ytt)Kepa. 

IlOLlCTaBJlJICM (24), (25) s (23) 11, npose.nH HCKO­

TOpblC npeo6pa30Bamrn, nonyqaeM ypaBHCHHe B B11.LJ.C 

~[!1F + cp(x)] · [ !1F + 2cp(x)] = (
2
uQ ] ' 

cp
2

(x) 2 
1 

2ugx 
pvo --2-

vo 

BBC.LI..!! o603Ha'iCHl1.ll: 

w(x)= cp(x) = Fj -F(x) ; 2Qu v2 
a=---· h- - 0-· 

pvJM' - 2ug' !1F F - Fj 

X 
b=l--, 

h 

= FI - F(x) 11 !1F = F - Fj, r.LI.e cp(x) - nnoma.LI.b nonyt1aeM KBa.nparnoe ypastteH11e s11.na 

Konbuesoro 3a3opa; F I - nnoma.nb Kan116posattttoro 

ornepcrnR; F(x) - nnoma,nb nnytt)Kepa; F - nnoma,nb (a_ 2b ),1,2 (x )-3b\lf( x )-b = O. (26) 
noprutt.!!. 
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PewemieM KBaJJ.parnoro ypaaHCJIWI (26) HBn.flcT­

CH KOpCHb 

x = 3b + 3b + b 27 
[ ]

2 

'II ( ) 2 ( a - 2b) 2 ( a - 2b) ( a - 2b) · ( ) 

PaJJ.11yc nnyH)Kepa onpeJJ.emreTC.fl no coornoLUc­

HJ110 

✓fj-'lf(x)(F-fj) 
R(x) = --'--'---'-~. 

n 
(28) 

r11JJ.paan11t.IecK11e JJ.eMnQJepb1 JJ.aHHoro nma urn­
poKo 11cnonb3YIOTC.fl a HM IUIP. Hanp11Mcp, Ha cTcH­

JJ.e Kp11T11'-1ecK11x c6opoK HKAP-C a Ka'-lecrne PO pc­

ryn11posaHHR peaKTl1BHOCTH 11CTIOilb3YIOTC.fl norno­

w:a10w:11e CTCp)KHl1 113 Kap611.ua 6opa (B4C), KOTOpblC 

pacnono)KeHbl B BCpTHKanbHblX KaHanax: LI.BC rpynnbl 

- CTep)KHJ1 peryn11posaH11.fl pcaKTl1BHOCTl1 (CPP): ;:me 

rpynm,1 - cTep>K.H11 asap1111Horo c6poca (CAC) [8). 
Ka)KJJ.851 rpynna COJJ.ep)l(Jff no LI.Ba □ornowaiow:1-1x 
CTCp)KHR 11 nepeMew:aeTCH B HM caepxy BIH13 Ha 

1,8 M, f}J.e Macca TIO}J.8J1)KHOH CMCTeMbl COCTaBnHeT 

0,0125 

0,01 

0,0075 

... 0.005 
Cl:: 

0,0025 

0 O.Q2 0,0-1 

45 Kr. fpynna CPP nepcMew:aeTcH no;.:i; JJ.CHCTBUCM 

CHnbl nJ)KCCTH. 11 }J.BH)KCTCH paattoycKopeHHO, rpynna 

CAC tta'-lanbHOC ycKopcttHe npHo6perneT c noMo­

W:blO YCKOpH1ow:ero MCXaHI13Ma. a }J.ance ,ll8J1)KCTCH 

paBHOYCKOJ)CIUIO. TopMOiKCHHC TIO.UBH)KHOH CHCTeMbl 

B HM npOH3BO.Lll11 CH Ha rn.upaBnJ1'-ICCKOM ,llCMncpepc 

(XO}J. 0, l M), B KOl opoM 11cnonbJOBaH np11HQHTI c6po­

ca )f(J,f,llKOCTH no XO.L{y. 

TTapaMCTp1.1 J1Ct-11Hpcpa: F = 3,85· 10-3 
M

2 
(m1a­

MeTP 70 MM): F1 = 4.9 I· 104 
M

2 
(,nHaMeTP 25 MM); 

h = 0,1 M. 

MaKCMM3JlbH8H CKOpOCTb nepCMCll.{CHH.fl flO}1.­

B11)1(H0tt CHCTCMbl Ha MOMCHT TOpMO)f(CHH.fl ,nn.fl rpyn­

Tibl CPP conasm1c1 5.8 Mic, a rpynnh1 CAC -
11,0 Mic. 311cpnu1 norJJOll.(CHHR COCTaBilHCT, COOTBCT­

CTBeHHO, 750 lt;i.; ~1 27!Xl ,U)1<. 

Ha p11c. 12 np11BC.L{Clla paC'-ICTHM 33B11Cl1MOCTh 

113MCHeHHR pa.a11yca no .anHHC nnyH)Kepa, Bbl'-111CJJCH­

HM no cpopMync (28). 
Ha p11c. 13 npc,acTaBJJCHhI 3KcnepHMCHTanbllbJC 

38BHCHMOCTl1 flCJ)CMCll.(eHIUI nO}J.BIDKHOH CHCTeMbl OT 

BpCMCIIH, CTCHJl IIKAP-C. 

____, 

0,06 0,08 0,1 
X,M 

P11c. 12. PacLieTJ-1rui JaBHCMMOCTb 11JMeHeHJL11 pa,n.Hyca no J.lJIHHe ru1ym1<epa 

2 
1,8 
1.6 

::E 1,4 

g 1.2 

~ I 
~ 0,8 
g_ 0.6 

c:: 0.4 
0.2 1-t-- --/-----~-«=-- -------------l 

0 0.1 Q2 ~3 ~4 QS Q6 Q7 
BpeMR, c 

0,8 0,9 

Puc. 13. 3Kcuep11Me!ITaJJ.hHal1 JaBIICHMOCTb nepeMell.(eHHll 110.l(BIDKHOit CHCTeMbl OT BpeMeHII, CTeH.u 11KAP-C: 
l -CAC;2-CPP 
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3aKJIIO'-leHHC 

TTpoae,D.eH aHaJIJ13 pa3JJl1'-1Hb!X TH00B TOpM03HblX 
yc-rpoikrn II paccMo-rpeHbI 11x K0HCTpyKrnBHbie oco-
6eHHOCTH. TTpe,D.CTaBJJeHbl pac'-leTHbte M0,1J.en11 ,D.nR 

onpe.n,eneHHSI K0HCTJ)YKTHBHblX napaMCTp0B, ,1J.11Ha­
MH'-lec1rnx xapaKTepHCTHK 0HCBMaT11'-1CCKJ1X H nlJJ.­
paBJJl1'-lCCKl1X )J.CMn<pepoB. Ha np11Mepax 3KCnnyarn­
pyeMh!X 11M n0Ka3aHo, '-IT0 yc-rpoikrna pa6orncno­
co6Hb1 11 0TBe'-lalOT 3KCnnyaTaUl10HHblM Tpe6oBaHH­
SIM. ITpe,D.CTaBneHHble pac'-leTHble M0JJ.enH peK0MeH­
nyeTCSI npHMeHRTb np11 npoeKTHp0BaHJrn T0pM03Hh!X 
ycTpoHCTB 6b1c-rponeHcrnymw,0x l1M PO, 11cnonb-
3yeMblX Ha H51P. 
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HCTOl.fHHK TEIIJIOBbIX HEH:TPOHOB 3H-T-22 PEAKTOPA liP-lM 

A. C. Komenes, M. B. MottKaes, A. B. Apanos, B. A. lior,o.aHOB 

ct>rYn «P$5IIJ,-BHI1H3¢», 607188, r. Capos H11)Keropo.n,cK011 o6n. 

B. )].. Cesacn,HHOB 

ct>rYn «BHJH1ct>TPI1», 141570. n. McH.n,cneeso MocKoBcKoi1 o6n. 

O1111caHO YCT)}OHCTBO, npe,'lCTaBJJeHbl 3KCnep11MeJ1TaJJbHble .na1111b1e, MCil0JJh30BaHHbie np11 nocne.nyt0111eif arrecTa­

UHH, II paCCM0TpeHbl cj>opMbl 11paKTJ1lJeCK0ro np11MeHeHIUI HCT0'IHHKa TCIIJJ0BblX HeihpOHOB 311-T-22 co CTaTyC0M pa6o­

'iero 3Tanoua arnporo pa3pl!,na np11 coaMecrnofi pa6oTe c peaKTopoM EP-lM CDfYTI «PCD51U-BHHI13<1>». 

KmotteBble CJJOBa: 11CT0'iHl1K TenJJ0BbIX HettTp0H0B, peaKT0p EP-IM, <pmoeuc HeHT)}OHOB, cneKTp e,uMH11'iH0r0 
cj>moeHca, TeMnepaTypa Hefirponttoro ra3a. 

THERMAL NEUTRON SOURCE Ehl-T-22 OF REACTOR BR-IM I A. S. KOSHELEV, M. V. MOCHKA­
EV, A. V. ARAPOV, V. A. BOGDANOV, V. D. SEVASTIANOV II There is described a design, the experimental data 

used at subsequent certification are presented, and considered the forms of practical application of Ehl-T-22 thermal neu­

tron source of a second grade working standard at its joint operation with BP-IM reactor of FSUE «RFNC-VNUEF». 

Key words: thermal neutron source. BR-IM reactor, neutron fluence, single fluence spectrum, neutron gas tem­
perature. 

Bne.uemte 

Kan116pOB8HHOe none TCIInOBblX HCIITpOHOB Jl.B­

JIJl.eTCJl. O,D,HOH 113 6830BblX COCTaBn5l.I-OIL\11X Cl1CTCMbl 

Merponorl-1'-JCCKOfO 06ccnc'-!eHl1H npHKJia)lHblX 11 11C­

cne.noBaTCnhCKl1X pa6oT 11a H.neptthJX peaKrnpax 

ct> fYTT «Pct> 5lll,-BHHI13(1)». 

B 3aBl1C11MOCTl1 OT UCnCBOH OpHCHTalll111 ,D,nH 

cpopM11pOB8Hl1Jl. nonei-i TCIInOBblX HefirpoHOB 11CIIOnh-

30BaJICJl. n1160 BbICOKO'iHCTblH peaKTOpHblH rpa<p11T 

(KaK npaBl1JIO, ra6apHTHb!C ycrpoikTBa BHCl.UHero 

pa3Mell..(CHl15l. B.llaJlH OT 3KTHBHOH 30Hbl pcaKTopa), 

n1160 IIOJ1113THneH (KaK npas11no, KOMnaKTHblC ycT­

pottcTBa BH)'Tp1130HHOfO 11Jll1 OKOnOJOHHOro pacno­

no)l(eHHJI). 

rpaqmTOBblH Ky6 C pe6poM - I M (TaK H33bIBae­

Mbll1 Eonhwo11 rpacpHTOBhrw Ky6, EfK) co3.uasancJI 

.llJIJl. 11cnonh30BaHHJI Ha peaKTope THEP [I. 2). Bno­

cne.n,crs1111 6brn ncpcMCIL\CH 11a peaKTop EP-1 [I, 3, 4J. 

f,ilC 11CIIOnb3YCTCJl. 11 8 11aCT05l.lL\Ce BpCMJl.. TTone TCil­

nOBhIX HeHTµOHOB cpopr,mpyCTCll BO BHyrpCHHei1 nonoc­

TH C pa3MCpaMH (100 X 100 X 100) MM3. MaKC11MaJlbHbIC 

HHCTpyMClffaJihHbIC BOJMO)KHOCTH (cornarno f3)) -
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<pJIJOCHC TCIIJJOBbIX HCHTµOHOB 3,80· 1012 HCHTJ).ICM2 

(96.3 % OT IIOJll!OfO) np11 cpmoe11ce npOMC)K)'TO'-!HhlX 

HCHTpOHOB 1,40· 10
1 
I Heihp./cM2 (3,5 %) 11 cpmoe11ce 

6htcTpux 11dirpo110B 0,67· 10'0 
Hdirp./cM2 (0,2 %). 

3cpq>CKTl1BH85l. TCMIICparypa TCnJIOBblX HCHTPOHOB 

np11H11MaeTCJl. BblWC TCt.meparypbl 3aMC.llJll1TCJIB (TCM­

ncparypbl 0Kpy)l(a!011..(Cl1 cpC.llbl) Ha 2,2 K (2.2 °C). 

Ll,syxKOMnOHeHTHblH Ky6 Ml1H11Ml13HpOBa!IHhIX 

pa3MCpOB (rpa<pl1T08blH Ky6 c pe6poM 30 CM, OKpy­

)l(eHHblH cnocM oprcTeKJia TOnlL\1111011 5 CM; TaK Ha-

3bl83CMb111 MaJibIM rpacp11rnBh111 Ky6, M1K) - Mano­

ra6ap11THoc rpaHcnoprn6eJibHOC ycrpOHCTBO, paCC'IJ,)­

TaHHOC 11a M8KCl1MaJibHOC np116Jll1)KCHl1C K 8KTHBHOH 

30HC nI-06oro peaKTopa, 8 TOM 'lHCJie C KOMnaKTHOH aK­

THBHOH JOHOH 113 MeTaJIJlHYCCKoro ypatta. McnonhJO­

BaJICJI Ha pcaKTopax TI1£P, BHP-2 [l], EP-1 [3, 4). none 

TeilJIOBhIX HCttTµOHOB cpopl\mpye-rcH BO BHyrpCHHCH 

nonocrn C pa3MCpaMJ1 (100 X 100 X 100) MM3
• MaKCH­

MaJihHble 11HCTPYMCHTaJibllhlC B03MO)KHOCTl1 np11 HC­

nOJib3083HHII Ha pcaKTope EP-1 (cornac110 [3]) -

<pmOeHC TCilJIOBhlX HCHTpOHOB 8,06-1013 HCiJrp./cM2 

(73,2 % OT nom1oro) npH cpmoe11ce npOMC>K)'TO'-!HhIX 

II 6hlCTpb1X HCl!TpOHOB 2,24· 10
13 

HCHTp./cM2 (20,3 o/o) 

--



..__ 

l1 0,72· 10
13 

Hefrrp./cM2 (6,5 %), COOTBeTCTBeHHO. 

3q>q>eKTl1BHaJI TeMncparypa rennOBbIX He.HrpOHOB 

npeBbllllaeT TCMncparypy 3aMe,D,nHTCnJI Ha 35,5 K 
(35,5 °C). 

TennOBbie KonoHHhI H3 rpaq>HTa TK-1 11 TK-2 

Hcnonh30BaJIHCb B COCTaBC o6pa3U,0B0f0 HCTO'-IHHKa 

TCMOBbIX HCHTIJOHOB OH-T-22 Ha peaKropc EHP-2 

[l, 3, 5, 6). B 0Tnl1'-IJ1e OT ErK l1 MrK, pa60'-!He no­

noCTH ycrpoi1cTB (06nacn1 qiopM11posamrn nomI Ten­

nOBbIX He.HrpOHOB) HMen11 3Ha'-IHTenbHbie pa3Mepbl: 

(200 X 200 X 200) MM3 y TK-1 l1 (200 X 200 X 800) MM
3 

y TK-2. 

ITpcKpamem1c aKTl1BHOfO HCnonb30BaHl1.!I pcaK­

TOpa EHP-2 06ycnoB11no ,D,eMOHTa)I( ycrpoikTB TK-1 

11 TK-2. C 11cnonh30BaHHeM rpaq>HTOBbIX 6noKoB 113 

C0CTaBa pa3o6paHHblX l13,D,enH.H 6hilll1 C03,D,aHbl ,D,Ba 

HOBhlX ycrpoi1crna ,D,mI qiopMHposattHH non.!! Tenno­

Bhix He.HTpOHOB - Ha peaKropax fHP-2 [l] n EP-lM 

[7]. KOHCTIJYKUI1.!I, xapaKTep11CTI1Kl1 H oco6eHHOCTl1 

np11MeHeH11J1 C03,D,aHHoro Ha EP-1 M q>11311Ko-TexH11-

4ecKoro ycrpoi1cTBa 3H-T-22, arrecTosaHHoro ro­

cy,D,apcTBeHHOH Merponorn'-leCKOH opratt113au.11ci1 

ct>rYn «BHHHct>TPH» s KalJeCTBe pa6olJero :nanoHa 

TennOBblX HCHTIJOHOB BToporo pa.3p.!!)la, paccMarp11-

BalOTCJI l1 o6cy)l()J,alOTCJI B HaCT0»1uei1 CTaTbe. 

KoncTpy1nurn H pa3MCI.l{CHHC 

B pea1nopHOM 33.flC 

KottcrpyKTHBHO 311-T-22 npe,D,crnBmIer co6ofl 

rpaq>HTOBYIO np113MY ,D,m!HOH 1600 MM, lllHpHHOH 

1200 MM, BblCOTOH 1100 MM, KOTopa.!i cno)l(eHa npe­

MMyll.(eCTBeHHO 113 rpaq>HTOBblX 6noKOB C ra6ap11T­

HblM'l1 pa3MepaMl1 (200 x 200 x 400) MM
3 

'11, nonon­

HJ-!TenbH0, rpaq>HTOBbIX 6nOKOB C ra6ap11THblMl1 pa.3-

MepaMH (100 x 100 x 600) MM
3
. C6opKa ocyll.(eCTB­

neHa BHYTPH )l(eCTKOrO CTMbHOrO KapKaca c o6ner­

lJeHHblM KO)l(yxOM 113 MlOMl1HHeBoro nHCTa. Jl:n» 
rpattcnopTHpOBKH 113,D,enHH B c6opc MaCCOH - 3,5 T 

B BepXHeH '-!aCTH KapKaca npe.n.ycMOTIJCHbl lJCTblpe 

ncTnCBblX 3auena. 

ilone TennOBbIX HCHTIJOHOB q>0pM11pyeTCJI BO 

BHYTIJCHHCM KaHane np.!!MoyronhHOH ¢opMbl 

(200 X 200) MM2 ,D,nHHOH 1200 MM. Pacnono>Kem1e 

Kattana BHYTPH npH3Mbl aCl1MMeTp11'-1HOe: no lllHpHHC 

TOnll..l,HHa rpaqrnrn B rpaHH. o6pameHHOH K peaKTopy, 

COCTaBmteT 600 MM; no BblCOTe TOnll..l,J1Ha rpaq>HTa 

B rpatt11 B CTOpoHy KpbllllKH COCTaBnJICT 500 MM; no 

,D,nHHe 0,D,11H KOneu BHYTIJCHHero KaHana 11MeCT CB0-

60,D,Hb!H BblXO,D, Hapy)l(y np11 TOnll..l,HHe nepcKpblTH» 

no rpacjrnry B nponrnonono>KHYIO crnpotty 400 MM. 
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Co cTopOHhI sxo.na BO BHYTIJCHHHtt Kattan npe;w 

CMOTpeHO ycrpoHCTBO, o6ecne'-IHBalOII..l,CC npou.c,D,ypy 

KOOp,D,11HaTHO-qJHKCJ1pOBaHHOfO pa3MCII..l,CHWI KaJIM6-

pyeMblX )leTeKTOpOB B none TennOBblX HCiiTpOHOB 

3H-T-22. 

O61I..1,HH BH,D, l13)lCnHJI 311-T-22 B pa3pe3e no OCH 

Kauana ¢opM11pOBaHH» non.!! TCilnOBblX HeHrpOHOB 

npencrnsneH Ha pHc. 1. 

P1-1c. l. 06m1-1ii B11.ll 1-13.aenllil 3H-T-22 e pa3pe3e 

Bo3MO)l(HOCTh ncpeMell..l,eHH» 113,nenHH 311-T-22 

C nOMOll.(blO rpy3000)lbCMHblX MexaHH3MOB H3 COCTa­

Ba TCXHonorwIeCKOfO o6opy.n.oBaHHJI peaKTOpHOfO 

3ana ,nonycKaCT Muorosap11aHTHOCTh ero ycraHOBKH 

OTHOCHTenbHO peaKTopa npH o6»3aTenbHOH arrccra­

l..1,1111 non.!! Tenn0BblX HCHTIJOHOB B Ka)l()J,OH H3 HHX. 

B HaCTOJ11I..1,ee speMJI npose,netta arrecTaUHJI noM 

TCMOBblX HettrpOHOB 311-T-22 np11 ero pa.3Mell..l,eHIHI 

cornactto cxeMe, npe,ncTaBneHHOtt Ha p11c. 2. PaJMe­

pbl peaKTOpHOfO 3ana - 14 M B ,D,JlHHy, 10 M B lll11p11-

CTeH.a 
311-T-22 3arpYJKH 

A3 pcanopa 

Puc. 2. CxeMa pa3MemeHHj{ 311-T-22 e peaKTopHoM 3ane 



HY, 8 M B Bb1cory. lhnem1e ycTaIIOBJieHo Ha nony 

peaKTOpHoro 3ana c <P11Kcau11e11 ero MecTopacno­

JIO)l(eHllil. PacCTO.sIHI1e Me)l()J.y UCHT))OM aKTHBHOH 

30HbI peaKTopa EP-1 M 11 arrecrnsaHHOH no3l1UI1e11 

non.si ~ 9 M. 

IlpH TOJillU1He 6eTOHHOH o60JIO'-lKl1 3all.(HTHOro 

Ka:JeMaTa pcaKTopHoro 3ana OT 1 no 2 M snan11 OT 

peaKTopa cpopM11pyeTc.si none npeHMymecrneHHO 

pacce.sJHHhlX B 6eToHe HeHT))OHOB YTC'-IKl1 I13 aKrnB­

HOH 30Hbl peaKTopa (cornaCHO [4], cneKT)) HettT))OIIOB 

YTC'-lKH conep)l(HT ~ 95 % HeHT))OHOB C 3Hepr!UIMII 

BbIWe 100 K3B, a cnCKT)) paccC.sJHHbIX - He 6oncc 

25 % TaKHX HCHT))OHOB), '-ITO ynrnuaeT 3q>q)CKTl18-

HOCTb qiopMHpoBaHllil non.si TCilJIOBhlX HeHT))OHOB 

BHYT))H rpaq>HTOBOM. np113Mbl. 

XapaKTepHCTHKH nOJJH TenJJOBblX HdiTpOHOB 

OnpeneneH11e xapaKTep11CTI1K IlOJI.sI Te0JIOBblX 

HeHT))OHOB s 1n6paHHOH onopttoi1 no3uu1111 ocyw.ecT­

snetto cornactto PeKOMCH.nau1111 [8]. 

113MepHTeJibHblH KOl\1nJICKT HHTCrpaJibHbIX aKTH­

sau110HHhlX .lJ.CTCKTOpOB BKJIIO'-laJI B cc6.si .ll.B3 .neTeK­

TOpa H3 3onorn (o6a Tonw.11ttoi1 ~ 4,4 MrlcM\ 113 

CTaH.D.apTHblX KOM0JICKTOB aKT11sau110HHblX .neTCKTO­

poB, np11Ha.ll.JIC)l(aw.11x <l>fYTI «P<l>.5IU-BH11113<l>» 

11 <l>fYII «BHI111<l>TPI1»), o.zvm .neTeKTop 113 Me.n11 

T0Jlll.(11HOH 35,6 MrlcM2 11 0.lll1H .neTeKTOp 113 JIIOTeu11.si 

(.!lCTCKTOpbl <l>fYII «P<l>.5fU-BHI1113<l>», 11CDOJlb30-

BaHHbIC B [3]). ,ll,n.si JJ,eTCKTOpOB I13 30Jl0Ta l1 MC.ll.11 

l13MCp.s1JIOCb Ka)],MHCBOC 0THOWCID!e B q)HJlbT))C TOJI-

1.UHHOH 1 MM. 

IloHCK cneKT))aJibH0ro pClllCHllil ocyiuecTBJIJIJIC.sI 

no nporpaMMe KACKA)]. [4J c .Hcnonh30BaHHeM n.sirn 

MOJJ,eJibHblX cneKT))OB: 

- .ll.Jl.sI KOMnOHeHThI TennoBblX (thennal) Heihpo­

HOB MO)],CJlbHblH cnCKT)) B B11,!lC pacnpeJJ,cJieIDIJI MaK-

2 E -a,hE 3 52 107 M B -I . csenna a,1, e c a,1, = , · ::> , 

- JJ,JI.si KOMnOHCHTbI npoMe)l(YTO'-IHbIX (f.J2.ither­
mal) tteM.T))OHOB MO.ll.CJihHbIH cneKT)) B s11ne pacnpe­

JJ,eneHH.sI <l>epM11 B ycTaHOBJieHHblX rpaH11uax 

k,1,k I E-a,.p, c aepi = 1, 09; norpaHI1'-lHhIH <PYHKU110-

nan co CTOp0Hbl TenJIOBbIX HCM.T))OHOB k,1, = 

norpaHl1"1HbIH <PYHKUHOHan co 

CTOpOHhl 6bICT))hlX (fast) HCHT))OHOB k r = 
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- nm1 KOMnOHeHThl 6bICTpbIX llCM.TJ)OIIOB T))11 MO­

)],CJlbHhlX cnCKT))a B BHJJ,e pacnpC.lJ.CJICIHIM. MaKCBeJI-

na - Eonr,uMatta a}1Ee-af1£ a}2Ee-anE 

2 -a nE 0 M B-1 0 97 M B-1 a 13Ee c a 11 =5, J , a.r2 = , 3 , 

a.r3 = 0, 69 M3B-'. 

feHepanblla.sI BhJ60pKa JKcnCp11MCHTaJlhHbIX JJ.aH­

HblX 11 COOTBCTCTB)'l-Oll.(11X IIM paC"!CTHhIX BeJIH"IHH 

.llJl.sI 11T0roBoro cneKT))aJlbH0ro pcwCHl1.sI B B11.lJ.C 

F (E) = 8,346-1014-( 1, 1725 · I 015 Ee-3
·
52

·
101 

E + 

+l 679·10- 3k k E- 1.o9 +4 559·10-2 Ee-s£ + 
• th J ' 

+ 6,366 · 10-5 Ee-0,97 E + 3.156 · l 0 - 5 Ee-0·69£) 

npencrnanetta a Ta6n. l. H opM11posKa ocyw.ecrnneHa 

1-Ja 0OJlliOe 3HeproBbl.lleJie1111c B 3KTl1BHOM. 30HC peaK­

Topa 1,0· 1017 
..u.enett11i1. 

ATTCCT3U110HHOe 3H3'-JCHl1C <j)n10ettca TCilJIOBblX 

HCHT))OHOB B cpopMc MaKcsenna ycrnttosneno paB­

HbCM 7,90· 10
11 

HCHT)).lcM
2 

C norpCWHOCTblO 3 % B .ll.OBC­

p11TCJlbH0M HHTCpsane 0,95 B np11CYTCTBl111 cpmoettca 

npoMc~o'-lHbrx tteM.T))OHOB 4,47· 109 
HeHT)).ICM

2
. YKa-

3a1rna.si Benl1'-ll1Ha cpn10eHca TC0JI0BblX HCM.T))OHOB 

pcan113yeTC.sI np11 nonHOM '-ll1CJIC .nene1-111i1 B aKTHBHOM. 

30HC peaKTopa 1,0· 10
17 

np11 norpeWH0CTH 0TH0Cl1-

TCilbHOro MOHl1T0pI1p0B31lli.sI :)HeprOBhIJJ.eneHllil 

~ l % B .noBepHTenbH0M l!HTCpBaJIC 0,95. 

<l>ttryp11py10m11i1 B npe..u.crnsneH1111 MaKcsenna 

napaMei-p onpe..u.en.siCTCjj KaK a,,, = 1/ kT,1 , r)le k - no­

CT0.H:Htta.si EonhUMaHa, paBHa..sJ 8,6174· 10-
11 

M 3B/K; 

T,, - TeMnepaTypa HeHTpom1oro ra3a. )].n.si arrecTO­

BaHH0ro cp.ri10e1-1ca TenJI0Bb[X HCHT))OHOB 33Q)HKC11p0-

B3HH0MY JHa'-leJ-11110 a,1i = 3,52 · 10
7 

M3B-
1 

coorncr­

crnyeT TeMnepaTypa T11 = 329,7 K (HnH 56.5 °C). 

CpasHe1-111e TeMneparyphI HeiiT))OHOB c TeMnepary­

p ow OKpy)KaJOll{ew cpenb1 np11 npoae..u.e1-11111 JKcnep11-

MeHTaJibHOH npouenypbl (20 ± 1) °C OOKa:Jh!BaeT npe­

BblllleH11e TeMnepaTypbl HeHT))OI-IHOro ra:Ja Ha.n TCM­

neparypow JaMenn11Ten.si Ha 36,5 °C. 

Bb16op onop1-1oi1 no3HUHH M>I arrccrnu1111 non.si 

TennoBblX HeHT))OHOB 311-T-22 ocyiuecrnneH nope-

3YJibTaTaM OTHOCHTeJibHbIX 113MepeHHH B KaHane 

q)OpM11pOBaHJUI non.si TeOJIOBbIX HeHT))OHOB, npoae­

JJ.CHHbIX .ll.CTeKTopaMJ1 H3 Me.D.H TOnW.11HOM. 35,6 MrlcM
2
• 

)].eTeKTOpbl (35 X 35) MM
2 

pa3MeW.aJIHCb Ha OCH ..u.11a­

rOHaJlbHOH OJIOCKOCTH KaHana ¢opMI1pOBaHI1JI non>I 

Tenn0BblX HeM.T))OI-10B paBH0MCpHO, C llI3fOM 50 MM. 

O6mcc KOJ111'-lCCTBO 11cn0Jlb30B3HHblX .D.CTCKTOpOB 23. 



Ta6n11~a l 

reHepanbHaR BbJ60pKa 3KCnep11MCHTanhHO-pactieTHhlX .naHHblX 

,UJUI aTTeCTOBaHHOH Il0311U1111 Il0JUI TernIOBbJX HCHT!)OH0B 311-T-22 

J1HTerpaJibHblH. Ce'leH11~. 6apH Hesl!3Ka, 
,UeTeKTop Tom.1.111Ha 3KpaH OTKJl11K (3KCfl.), 

% 
peaKuhnpo 3Kc11ep1,:--1eH'r Pac'leT 

3onoTO (BHJ1l1¢TPI1) 4,4 Mr/CM HeT 6.91- 12 8~.79 83,73 +l,12 
3onOTO (8Hl1J.13CJ)) 4,4 MrlcM2 HeT 7,08-12 8-U3 83,73 -l,31 
3onoTO (BHJ1l13¢) 4,4 MrlcM2 Cd I MM 4,97-13 5.955 5,972 +0.29 
Menb (BHl1l13CJ)) 35,6 Mr/CM2 HeT 2,96-13 3.456 3,554 +0,20 
Menb (BHHI13CJ)) 35,6 MrlcM2 Cd I MM 1,40-15 0.0168 0,0167 -0,25 
JhoTeUHH (BHJ1113CJ)) 2,225 + 18 Rnep HeT 2,64-10 3 163 3145 -0,56 
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P11c. 3. OTHOCHTeJibHOe pacnpeneneHHe cjimoettca TenJIOBblX HeihpOH0B 
a pa6o'leH o6nacrn 311-T-22 

0THOCl1TefilHOe pacnpe,ll.enett11e aKTHBaU.H0HHblX 
0TKnl1K0B .neTeKTOp0B 113 Me,ll.11 TOilll.U1HOH 35,6 Mr/cM2 

npe,ll.CTaBneH0 Ha p11c. 3. HopM11pOBKa 11CX0.ZJ.Hb!X 
3KCnep11MeHTanhHhlX ,naHHhIX ocyll(eCTBneHa nyreM 

ycTaHosneHI1Ji 3HatICI-111Ji 1,000 B KO0p.ZJ.HI-IaTe L = 
= 800 MM. AnnpoKC11MaI-1Ta rpacjmtiecKoro npe.ncrns­

neH11J1 F,i,(L) 11MeeT s11.n 

F. (L)=-7 741·10-13L4 +2 805·10- 9U-,1r • , 

-3;733 · 10- 6 L2 + 2,135 · 10-3 L + 0, 564. 

HatianO K00p.ZJ.HHaT no OCH L C0BMCUlCH0 C Bhl­
xonoM KaHana 113 60KOBOH rpaHH rpacjmTOBOH np113-
MhI; C00TBeTCTBeHHO, KO0p.D.HI-IaTa L = 1200 MM C0B­

na.D.aer c rpacj>11TOBoi1 creHKOH s K0llLl.e KaHana. 

Oco6eHHOCTH npHMeHeHUH. 

MoHHTOpHp0BaHHe H K0HTp om. n apaMeTp0B 

TTp11 11cnonh30BaH1111 non,r TcnnoBhIX HeiirpoHOB, 
cneKTp KOTOpblX CO0TBeTCTBYeT pacnpe.D.eneHHlO 
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MaKCBenna a~, Ee - a,1,E • ,ll.AA Kan116pOBKl1 .neTeKT0pOB 

Tenn0BblX HeHrpOHOB Heo6XO.ZJ.11MO HMeTb s BH.D.Y 
cne.ny10LUee: 

- np11 113MeHCHl111 TeMnepa-ryphl OKpy)KaJOUleH 
cpe,Zlbl 113MCHJ!CTCH TCMncparypa 3aMe.nn11Ten» 11, co-
0TBeTCTBCHH0, TCMneparypa HCHTPOHHOro ra3a, 'ITO 

np11B0.ZJ.HT K 113MCHCHl1l0 napaMerpa a,1,; 

- np11 Cill1'-lCHHl1 pe3ynhTaTOB Kan116pOBKl1 B no­
IlSIX C pa3nH'laIOWei1CJI TeMneparypoii HCHTPOHHOr0 
ra3a cne,ll.yeT YllHThJBaTb pa3rrl1'll1e B 0TKJIHKax Ka­
n116pycMoro ,ll.eTCKTOpa Ha e.n11HH'lHblH cpmOCHC 

C pa3nH'lHblMH a,1,; 

- s np11cyrcrn1111 Kan116pyeMoro .neTeKTopa npo­
»BnJ1eTcJ1 3cpcpeKT ,ll.ecpopMau.1111 noAA, 3aBHCJ!Ull1H OT 

nornoLUa10wei-i cnoco6Hocrn 11 pa3Mepos .nereKTopa. 

Bn11,rtt11e napaMerpa a,1, Ha npou.e.nypy Kan116-

posK11 CBR3aHO C )'MeHblllCHHeM cetieHHH B3aMMO,nei1-
CTBl1Ji HCHTPOHOB C ,r.npaM11 B o6nacni TennOBhlX 
3Heprni1 no 3aKOHY - 1/v 11, COOTBCTCTBeHH0, yMeHh­
weHHeM 0TKilHKa ,nereKT0pa Ha e,ll.l1Hl1'-JHblH cpn10eHC 



Hei-i'rpOHOB. C y'-leTOM )'KaJaHHOro :>cp<peKTa B03M0)1(­

Hbl TJ)l1 Bap11aHTa KOHKpCTl13au1111 cpmoeHCa Terrno­

Bb!X HCHTpOHOB C 11CfiOJib30BUHl1CM pacnpcJJ,eJICHH.ll 

rv2 Ee-a,hE . 
v.11, • 

- C 11COOJih30BaHl1CM cpaKTW-ICCKOH TCMneparypbl 

HCHTpOHOB; TaK Ha3b!BaCMb!H q)aKTH4CCKl1H cpmOCHC 

TCOJIOBh!X HCHTpOHOB, onpeJJ,CllilCMblH KaK F,1, <I> = 
= Qx/ax(T,,); Qx 11 crx(T,,) - OTKJIHK 11 cpc.n1-1ec )],JI.SI 

cneKTpa MaKcBeJIJia c TeMneparypott T,, ce4e1-111e 

B3al1MOJJ,CHCTBl1.SI JJ,eTeKTOpa TCITnOBb!X HeHTJ)OHOB 

THnax; 

- C 11CnOJib30BaHl1eM TCMneparypHOH HOpMbl, 

peKoMeHJJ,0B8HHOH B [9] 113 ycJIOBWI paBCHCTB8 VT= 

= Vo = 2200 Mic, COOTBeTCTBYIOIUCrO TeMneparype 

HCHTpOHOB t,,0 = 20,4 °C (T,,o = 293,6 K); TaK HaJhJ­

aaeMhlH HOpMaJil130BaHHblH cpJllOCHC TenJIOBhJX Hett-

TpOHOB, onpeJJ,CJI.SICMbIH KaK F,,, H = Q~/crx (T,,o); 
- C 11CTIOJib3088Hl1eM npCJJ,JIO)l(CHHOro B [10] 

TeMneparypHO-HC3aB11Cl1MOro no.uxo.ua. CBOJ),.SllUCfOC.SI 

K npe,ll.CTaBJICIHHO cpJIIOCHCa TenJIOBbIX HCHTpOHOB 

B T8K Ha3hmaeMOH 3KBl1BaJ1CHTHOH cpopMe 

K
3 

(T,, )a?,, (T,,) Ee -a,h(T")E = CJ r (T,, )kx (T,,) F,113 = 

= Qx ::::: canst ; B pa6ore [ 10] npc;.uiaraerc.a np11H.S1Tb 

ax (T,,) = CJ23s (T,1 ) , r.ne cr235 (T,,) - cc4eH11e .u.eJieH11.S1 

ypatta-235 .u.m1 cncKTpa HCttTJ)OHOB B cpopMe MaK­

CBCJIJia c TCMncparypoi1 T11 ; B o6meM cJiyqae B KaLie­

crne 3K811B8JICHTa MO)f(eT 6b!Tb 11COOJib30BaH J1106oi1 

QlyttKU110HaJ1 Hd!TpOHHOfO B3al1MO.D.CHCTBl1$1, y.noBJIC­

TBOp.SIIOUl,11H BBCJ),CHHOMY BbllllC ycnosmo '.)KBl1Ba­

J1CHTHOCT11; onpe.neJICHHhlli YKaJaHHb!M o6p830M 

cpmOCHC TCflJIOBb!X HeHTpOHOB F,1, 3 6y.neM Ha3b!B8Th 

3KBl1BaJICHTHblM. 

C 11cnonr,JoBaHHCM nporpaMMhl KACKA)], 11 

np11naraeMOH K Hett 6116J1110TCKl1 cpym<U110HaJIOB 

HCHTpOHHhlX s3a11Mo.u.ei1crn11i1 [4] )],JI.SI pcaKu11i1 
235U(nj), 63Cu(n;y), 176:Lu(n,y) npw «HyJiesoi1» TOJ1-

m1rnc J),CTCKropa H 
63Cu(n,y) np11 TOJIUl,11He ,ll.CTCKTOpa 

35,6 Mr/cM
1 

6blJ111 onpe,D.eJICHbl 11HTerpanbHhlC Ce4C­

Hl1.SI Ha CITCKTpax MaKCBCJIJia B 11HTCpBane 113MCHCHJ,UI 

TCMneparyp ,,, OT O J),0 100 °C. Bb16opKa .naHHblX, 

BKJll04alOIU8.SI B ce6.SI pe3yJlbT8Tbl pac4CT8 11 COOTBCT­

CTBYIOUJ,Me HM xapaKTCp11CTl1KM cnCKTpaJibHb!X pac­

npe,D.CJJCHHH, npe,D.CTaBJICHa s ra6n. 2. 

)],JHI conoCT8Bl1TCJibHOrO KOJil14CCTBCHHOf0 atta­

Jil13a cpaKHl'-!CCKOfO, HOpMaJil130B8HHOrO 11 3KBHBa­

J1CHTHOro npe,D.CTaBJICHl1H cpmoeHca TenJIOBblX HCH­

TpOHOB no J),aHHb!M Ta6JI. 2 6hm OLieBHJ),HblM o6pa30M 

onpe,ueJieH p.a.u. HOpMHpOBaHHblX 11 cneUHaJ111311pO­

BaHHblX BCJil1411H, npe,D.CT8BJieHHblX B Ta6n. 3. 

AnnpoKCHMaHTa cpyttKU,110HaJibHOro MHO)f(CCTB8 

R235(t11)= 23gcr(t,,)/ 23gcr(t,,o) 11MCCTBl1)l 

R235 (t11 ) = l , 0354-0, 0017t,,. (1) 

Ta61rnua 2 

Pe3yJibT8Thl pacYeTa 1136paHHblX 11HTerpanbHblX ce4eHl1H .ll.llil cneKTJ)8 TenJIOBbIX HCH.TpOHOB 

B cpopMe MaKCBCJ1J18 B 1136paHHOM 11HTCpBaJie TeMnepaTyp 

Ce4eH11e o, 6 

1n, °C T,,,K a •. 1/M)B 23'U(11j), 63Cu(11.y), 
63Cu(n,y), 1 '"Lu(11,y), 

d= 0 r/c".2 d = 0 r/c~? d = 35,6 r/cM2 d= 0 r/c~.i2 

0 273,15 4,2484+7 525,9 4,129 4,097 2882 

10 283,15 4,0983+7 515,3 4,057 4.025 2952 

20 293,15 3.9585+7 505,2 3,988 3,957 3024 

20,4 293,55 3,9531+7 504,8 3,985 3,955 3027 

30 303,15 3,8279+7 495,6 3,923 3,893 3097 

40 313.15 3,7057+7 486.5 3,860 3,831 3170 

50 323, 15 3,5910+ 7 477,8 3,801 3,772 3243 

60 333,15 3,4832+7 469.5 3,744 3,716 3316 

70 343,15 3,3817+7 461 ,6 3,689 3,663 3387 

80 353,15 3.2860+7 454,l 3,637 3,611 3458 

90 363,15 3.1955+7 446,9 3,587 3,562 3526 

100 373,15 3,1099+7 440,0 3,539 3,514 3594 
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Ta6nuua 3 

1'1J6paHH1,!e HOpM11pOBaHHble 11 cneumUil1311pOBaHHh!e xapaKTepHCTl1Kl1 

.U.'UI cneK-rpa TCilnOBblX HCHTpOHOB B cjJopMe MaKCBcnna 

1n, 
2350(1 ) 0 II 660(111) 35~~o(r11) 

oc "35 ( ) - 00 t110 660(1,,0) 35~~0(1,,o) 

0 1,0418 1,0351 1,0358 

10 1,0208 1,0 l81 1,0177 
20 1,0008 1,0008 1,0005 
20,4 1,0000 1,0000 1,0000 
30 0,9818 0.9844 0,9843 

40 0,9637 0,9686 0,9686 

50 0.9465 0,9538 0,9537 
60 0,9301 0,9395 0,9396 
70 0,9144 0,9257 0,9262 

80 0,8996 0,9127 0.9130 

90 0,8853 0,9001 0,9006 
100 0,8716 0,8881 0,8885 

vb ( 1) cne.11,ye-r, 'ITO 11HTerpa.nbHOe CCt.JeH11e ypa­

Ha-235, a CJie.11,0BaTeJihHO, 11 t.JYBCTBHTeJihHOCTh .11,e­

TeKTopa C ypaHOM-235, 113MemIeTCH Ha - 0,17 % np11 

113MeHemrn TeMneparypbl HeihpOHHOfO ra3a Ha rpa­

.11,yc (YMeHbwaeTcH .11,M 111 > 1110 11 ysen11•rnaaeTcH .11,m1. 

f11 < t,,o). ToJICThie 6eTOHHhle CTeHbI peaKTopHOfO 3aJia 

11 Ha.J111'111e npHTOlJH0.11 BCHTHJIHU.1111 C no.11,orpCBOM 

o6ecnet.JHBa!OT CTafo!JlbHOCTh TeMnepaTypHOfO pe­

)Kl1Ma B 3a.JIC B npe.11,enax (20 ± 3) 
0
c. Bap11aT11BHOCTb 

onpe.11,eJIHCMOH t.JYBCTBl1TeJihHOCTl1 .11,eTeKTOpa C ypa­

HOM-235 B 3Tl1X ycJIOBIDIX COCTaBHT - ±0,5 %. 
Eonee cymecrnettHa sap11aT11BHOCTh onpe.11,eMe­

MOH t.JYBCTBl1TeJibHOCTl1 .11,eTeKTOpa C ypaHOM-235 np11 

CJil1t.JeHHl1 pe3yJihTaTOB KaJI116pOBKl1 B nOJUIX co 3Ha­

t.Jl1MO pa3JIH'la!Oll.(11Ml1CH TeMneparypaMH TenJIOBblX 

Hett-rpottos. TaK, s pa6oTe [11] npHBe.11,eHbI xapaKTe­

p11cT11K11 nOJICH TenJIOBblX HeHTIJOHOB Ha peaKTope 

<D-1, op11eHT11posaHHbIX Ha Ka.J1116poBKY npOMhlill­

JICHHbIX fa30HanoJIHeHHblX KaMep C ypaHOM-235. 

B qaCTHOCTH:, B Ta6J1. 1 pa60Thl [11] npe.11,crnsneHbl 

TeMneparypHhJe napaMeTJ)bl Hdi-rpoHOB s t.JeTuIpex 

Il0311UIDIX .D,JIH KaJIH6pOBKl1, JIC)KaU111e B .11,11anaJOHe OT 

293 .D,O 358 K (OT 20 .D.O 85 °C). CornaCHO (1). t.JYBCT­

BHTeJlbHOCTb .neTCKTOpa, onpe.nenCHHaH npH TeMn e­

parype 20 °c, ,1l0Jl)KHa 6b!Tb 60JibWe t.JYBCTBl1TeJ1MIO­

CTII .neTeKTopa, onpe.nencHHOH np11 TeMneparype 

85 °C, s 1,123 pa3a, 11J111 Ha - 12 %. 
TTp11 CJ1Ht.JeHl111 pe3ynbTaTOB KaJIH6pOBKl1 .neTeK­

TOIJOB C ypaHOM-235 B none 311-T-22 C pe3yJ1bTaTaMII 

Ka.r1116posK11 B nomrx peaKTopa <D-1 cne.11,yeT O)KH­

.11,aTb, cornacHO ( 1 ). sap11aTHBHOCTH t.JYBCTBl1TeJ1bHO­

CTl1 - ±6 o/o. 

63 ( ) 235 ( ) 35.60 111 oO 1110 1760(1 ) 0 II 
235 ( ) oo 1,,0 

63 ( ) 235 ( ) 35.6° 1110 oo t,, 3l~0 (111) 
235 o( 1 ) 0 II 

0.9943 703.44 0,9599 
0,9970 733,42 0,9796 
0,9997 764.22 0,9992 
1,0000 765,36 1,0000 
1,0026 795,36 1,0186 
1,0051 827.46 1,0376 
1,0076 859.76 1,0565 
1,0102 892,36 1,0752 
1,0125 924,65 1,0936 
1,0150 957.63 1.1116 
1,0173 989,89 1.1296 
1,0193 1022,77 1,1473 

AnnpOKCl1MaHTa q>yHKUl10HaJ1bHOfO MHO)KeCTBa 

63
• R:35 (111) = [ 3li 0(111) 

2350(1110) ]/[ 35~~0(1110) 2350( t/1)] 
11MeeT s11.n 

63. 
R235 ( t,, ) = 0, 994 7 + 0, 0003t,, . (2) 

113 (2) cne.nyeT, t.J.TO B paccMa-rp11saeMOM HHTep­

sane 113MeHCHJ1H TeMnepaTyp TCilJJOBhIX HCHTJ)OHOB 

pa3J111lJ.11e Me)K.ey HHrerpruibHhIMH cet.JeHHHMH ypatta-235 

11 Mc.11,11-63 TOJ1IUl1HOii 35,6 MrlcM
2 

He npesbmrneT 

2,5 %, '-ITO fl03BOJ1HeT paccMa-rp11saTb aKTHBaUHOH­

HblH .neTeKTOp 113 Me,1ll1 TOJI1.1111HOH 35,6 Mr/ci.i2 KaK 

np11CMJ1eMblH HMl1TaTOp .neTeKTopa 113 ypaHa-235 

B CJJYtJaHX, He -rpe6yIOIUHX Bb!COKOH npeu113HOH­

HOCTI-!. 
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AnnpOKCHMaHTa <pyttKl.ll10HaJibHOfO MHO)KeCTBa 

176 ( ) 176 ( )/ 63 ( ) R
63

• t11 = 0 o 111 35,6 0 t,, 11MeeT BH.ll 

176 
R63* (t,,) = 700, 71 + 3, 2057tll. (3) 

l13 (3) cne.11,yeT B03MO)KHOCTh 3Kcnpecc-ouettKH 

cpaKTH'-1.CCKOH TeMneparypbl TenJJOBhIX HeHTJ)OHOB no 

OTHOWeHl1!0 HHTerpaJJbHhlX OTKJlHKOB ,1lCTCKTOp0B 113 

JIIOTCUIDI 11 Me.11,11 TOJll.llHHOii 35,6 MrlcM
2

. B tJaCTHO­

crn, ,1lJ1H arreCTOBaHHOH Il03HU.1111 311-T-22 COOTHO­

W CHHe 3Kcnep11MeHTaJibHblX 3Hat.ICHHH HHTCrpa.rrb­

HblX OTKJ111KOB Jll-OTCU.HH 11 MC.ll.H 915,2, a oueHeHHaH 

TCMneparypa HCHTJ)OHOB 66,9 °C, L!TO s CTaryce 

OUCHKl1 BnOJIHe Y.D.OBJ1CTBOp11TCJ1bHO cornacyeTCH 

C arrecTOBaHHhlM 3Ha'-1eH11eM TCMneparypbl 56,5 °C . 

Cne.ny101.11aH 113 (3) B03MO)l(HOCTb 3Kcnpecc­

oueHKH TeMnepaTyphl TCITJ10Bb!X HCHTJ)OHOB B ycT-



poikTBaX C BblC0KHM K3)].Ml1eBblM 0TH0lllCHHCM JJ.]U1 

MC)].H0r0 )].CTCKT0pa (He MCHCe 200) y)KC paccMaTpH­

Banacb paHee B pa6oTe [12]. 

AnnpOKCHMaHTa cpyHKUHOHaJibHOro MH0)l(CCTBa 

k235 (t,,) = 
236cr(t110 )/ 236cr(t,,) HMCCT B11)]. 

k235 (t11 ) =0.9616+0,0019111 . (4) 

l-h (4) cne.uyeT npocToi1 cpopManH3M onpe.uene­

HHH COOTHOlllCHHtt MC)l(Jly JKBl1BaJieHTHblM (paB­

HblM 1 B npHIDITOM <jJopMaTe), H0pManH30BaHHblM 

(TaK)KC paBHblM J B npHHHT0M <jJopMaTe) H <jJaKTH'-IC-

CKHM (paBHblM k235 (t/1) np11 BbI6ope B Kattccrne MC­

pbl JKBHBaJICHTH0CTH )].CJ111TCJlbH0ro 11HTerpana ypa­

Ha-235, 11.Jll1, B o6o6w.eHHOM B11}].C, kx (t/1) np11 Bbl60-

pe X-MCpbl JKBHBaJICHTHOCTH) <jJmoeHCaMH TCilJI0BblX 

HeihpoHOB B 3aBl1Cl1M0CTH OT TeMnepaTypbl HCl1Tf)O­

H0B (11 • 

3cp<jJeKT .uecpopMaUH11 nomr TCnJI0BblX Hefrrpo­

H0B s np11cyrcrn1111 Kan116pyeMoro JJ.CTeKropa onpc­

.uen11Tb (11n11 JJ.a)Ke oueHl1Tb) pactteTHbJM nyreM npaK­

Tl1'-ICCKH HeB03M0)KH0. 

Ha np11Mepc npOMbllllJICHHOH raJOHaOOJIHCHIIOH. 

110H113au110HHoi1 KaMCpbI KHT-54-1 (cM., ttanpHMep, 

[ 13]) 6bma ocyw.ecrnneHa :>Kcnep11MeHTaJibHaH oueH­

Ka .uccpopMal.(HH fi0lljj Tenn0BblX 11eMT'pOHOB 311-T-22. 

3Kcnep11MeHTaJibHaH npoQeJJ.ypa BKmottana B ce6H 

JJ.Ba JTana. Ha nepaoM B onopH)'lO no311Q1110 311-T-22 

B K00pJJ.HHaTe l = 800 MM ycraHaBID:IBaJICH ,UCTCKT0p 

113 MC.UH TOJIW.11HOH 35,6 MM KBa.upaTHOH cpopMbl 

(35 X 35) MM
2
, HHTerpanbHblH 0TKJIHK K0T0poro (aK­

THB81.(110HHblH 11HTerpan) onpeJJ.CJIHJICH C 11Cil0Jlb30Ba­

Hl1CM paJJ.110MCTp11ttecKoro KoMnneKca KPOHA-I-3-1 

co crnrycoM pa6ottero JTano1-1a nepaoro pa3pHna. 

Ha BT0p0M JTane no UCHT'paJibHOH OCH pa6ottefi 

nonocrn 311-T-22 ycraHaBnHBanacb KaMepa KHT-54-1 

C qJ11KC81.(11CH ue1-1rpa ttysCTBHTCllbH0f0 06beMa Ka­

MCpbl B K00p)].HHaTe l = 800 MM. O6w.aH )].JlHHa Ka­

Mepbl - 190 MM, .nmma ttyscrn,nenbHOtt 06nacn1 

- 80 MM, n11aMerp KaMCpbl 50 MM, pa.n11aTop C co­

.nep)l(aHHCM ypatta-235 nnow.aJJ.bIO 1000 cM" 11 nnoT­

H0CTbJO .nenHll.(erocH MaTep11ana 1 MrlcM". K noaepx­

H0CTH KaMepbI KpC0HJIHCb tteTb1pe non0Cbl 113 Me,UHOH 

qJOJibrH TOJIW.HH0H 35,6 MrlcM! npHMOyrOJlbHOH 

cpopMbI (100 X 35) MM
2 

Cl1MMerp11•rno 0TH0CHTCJlbH0 

UCHT'pa ttysCTBHTCllbHOH o6nacrn. flp11 ycTall0BKC 

KaMepbI B Kattan 311-T-22 K0HT'p0ll11posanacb op11eH­

TaUl1H MC,UHblX nonoc, npH KOTOpOH 0Hl1 6b1Jll1 o6pa­

W.CI-Jbl K CTCHKaM KaHana (OpHCHTaUllil Ha nepC.11.HI0IO, 

3a.ll.HJOIO, BCpXHIOIO 11 HH)l(HI0I0 rpaHH rpaq>HTOBOH 

npH3MbI). 
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Ilocne o6nytteHHH Ka)l(,naH Me.UHM nonocKa pa3-

pe3anacb Ha IlHTb paBHhlX ttaCTCH U111p11HOH 20 MM. 

AKTHBaUHOIIHbltt HHTerparr K3)1{,U0ro 113 20 )].CTC1'.'T0-

poB C pa3MepaMl1 (35 X 20) MM
2 

onpc.ncnHnCH C 11C­

Il0Jlb30BaHHCM pa.n110MeT'pa KPOHA-I-3-1 c nocne­

.nyiomci1 H0pM11pOBKOH Ha cpe.n1-1ce no Bhl60pKe 3Ha­

l!CHHC. HopM11pOB8HHblC Jl8HHblC noKa3aJil1 npaKTH­

YCCKYIO paBH0MCpH0CTb aKTl1B8Ul1l1 no )]._TIHHC 11 0K­

PY)l{H0CTH KaMCpbl B o6,'laCTJ1 . paJMCW.CHHH )].CTCK­

T0p0B (11MCIOW.11e MCCTO 01 KJI0HCHHH BC npeBbJUia­

lOT 3 %). 
CpaBHCmlC aKfllB8UII0HHblX. 11HTerpM0B .UCTl.!K­

TOpon 113 MC)].H HJ KOopm111arnoi1 Il03HUl1l1 l = 800 MM 

B npucyrcrnm1 KaMepbl B no.nc TCflJI0BbIX HeihpOHOB 

II 6e3 HCC B H0pMHp0BKC Ha J11cproBbi)].CJICHHC B aI<­

THBHOU 30HC peaKT0pa JlCM0llCTp11pycT YMCHbllICHHC 

aKTl1B3U11H MC)].11 B npHC)dCfBIIII KaM.!pbl B 0,812 pa-

3a, 11Jll1 Ha - 20 %. 0Tcyrcrn11c B HJMCpHTeJibH0M 

K0M0JICKTC ,UCTCKT0pa H'3 JllOTCUllll HC Il03B0Jll1JI0 Ha 

.11.aHH0M JTanc 3KCOCp11MCHT8JlbHOH 0UCHI<H PaJJJ.C­

JIHTb 3cp<peKTbJ OT npHM0ro nornow.emu1 HCHT'pOHOB 11 

OT m1rn.uaeMoro ysen11ttCHIIH Tel\rnepaTypbl TCTIJI0BblX 

HCHT'pOHOB, K0CBeHH0 CBl!]aHH0ro C npouecC0M no­

rnow.eHHH. 

31-1aq11TeJibHOCTb .11.ecpopMaUHOHHOfO Jcp<peKTa 

nonH TennoBbIX Heihpo1-1oa 311-T-22 np11 pa6oTe 

C op,n11ttapHhlMH np0MbllllJICHHhll\,lJ1 KaMepaMH 11c­

KJIJ0'-1aeT, noo6w.e roaop,i, npocTbie cnoco6b1 Kop­

peKTHp0BKH pe3ynbTaTOB KaJI116pos,m K C)].11HOH MCpe 

ttysCTBl1TCllbH0CTl1. C YYCTOM BCCX BbllllenepettHC­

JICHHblX <jJaKTopoB BJ111HHl1H Ha pe3yJibTaTbl KaJil16-

p0BKl1 B TI0JIHX TeilJI0BblX HeihpOHOB, ccpopM11posaH­

HblX B M8CCl1BHbIX rpa<jJHTOBblX 3aMe)].ID:ITCJIHX. cne­

.nyer K0HCTantpoBaTb, qTo np11 arrecrau1rn noJIH c 

KOHKpeTH3al.(11eH aenHttHHbl cpn!OeHca 11 TCMnepaTypbl 

Hei-iTpOHOB e)].HHCTBCHHOH Merponor11tteCKH K0p­

pel<THOH <jJopMoii onpe.11.enemrn qyscrn11TenhH0Crn 

Kan116pyeMoro )].CTCKT0pa HBJIHCTCH Bb!pa)l(CHHC HC­

KOMOH qyBCTBHTCJlbH0CTH ttepc3 0TH0llJCHHe 11HTe­

rpaJlbH0ro 0TKJIHKa )].CTeKTopa H HeB03Myll.(eHH0ro 

<pJIJOCHCa C aTICCT0BaHHbJMII napaMCT'p3MH. 

Bocnp0113BC,UCHHC KOJIH'-ICCTBeHHOH BCJ111'-111Hhl 

<pJIIOCHCa Ha,UC)l(HQ o6ecnc•msacTC51 np11MeHCHl1CM 

cneu11aJihHblX cpc,ncTB M0HHT0p11poBaHHH HCHTJ)OH­

H0ro BbIX0)].a pcaKT0pa (JHeprOBbl,UCllCH11ll) Bbtpa­

)l(eHJrnro 0TH0CHTCJlbH0ro xapaKTepa. B sapHaHTe 

0TH0CIITCJlbH0f0 M0HHT0p11posaHJ1H C HC00Jlb30Bam1-

CM xoporno 113y'-leHHblX .11.CTCKT0p0B H cpc.ncrn HX 

o6pa6oTKH MCTO,UH'-ICCKHC norpeWH0CTli HC npCBbl­

lllalOT 0,5 % s .11.osepHTCJlbH0M HHTepBanC 0.95. 

ct>aKT11•1eCKOe TCpM0CTaTIIp0BaJUIC TCMneparypbl 

JaMC)].JIHTenH s ,r111ana10He 0.5 % a nepcpacqeTc cc 



BilH51Hl1H Ha 3cpcpeKTl1BHOCTb cpmoettca TCDilOBblX 

HCHTpOIIOB o6ccnC'-!HBaCT onpeJJ.eJ1emrn aTTCCTOBaH­

H0ro attanora q>IllOCHCa C norpewHOCTblO ny'-llUe l % 
s .uosep1uenhH0M 11HTepsane 0,95. 

B cny-:,a»x CJll1'-lettWJ KOHKpCTHblX .neTeKTopos 

no '-IYBCTBl1TCJlbHOCTl1, onpe,neJJeHHOH 8 11HbIX Kan116-

posaHHblX (arrccTOBaHHbIX) nOAAX TennOBblX HCH­

TpOHOB aHanOrl1'.JHblM cnoco6oM, MO)l(H0 Q)KJ1,ll3Tb 

3H3'-111Mb!X paCXO)l():{CHHH, cymecTBeHHO npeBbllli310-

ll.(11X .neKnap11pyeMbIC norpeUIHOCTli napaMCTpOB y'-!a­

CTByIOUUIX B CJIH'fCHHH nonefl TennOBblX HCHTpOHOB. 

I1p11ttu11n11anbHO 113MCHl1Tb CHTyau1110, Ha Haw 

B3fAAJ1., noMO)l(CT TOJlbKO MeTponorn•1ccKOC OCBOeHHe 

MCTO).l.11KH Kan116poBKl1 C 11cnOJlb3083HltCM JKBHBa­

neHTH0r0 <Pmoettca Tenn0BblX HCHTpOHOB. B KOTOpOH 

npe.nsap11Tenbtta» aiTecrau11» HCB0JMywc1-1Horo non» 

HCHTpOHOB 33MCIDleTC51 Ha aTTeCT3UJ110 C00TBeTCT­

ByIOll.(Cro JKBHBanCHTH0ro .neTCKTOpa conpOBO)K,LlC­

HWI, 06ecnelf.H.sa10mero np0Be.actt11c 1t3Mepe1mi-i 

QJJIIOCHCa ttenocpe,nCTBeHHO Ha Kamt6pyCMOM .UCTCK­

T0pe ttenocpeJ1.cTBeHH0 s npoueccc KaJrn6posK11. 

ITptt 11Cn0Jib30BaHl111 JKBHBaneHTHblX .UeTCKT0-

pOB MOHl1TOp11posam,1c KaK cpyttK.1.u,u1 npeuH3110HH0rO 

onocpe.nosattttoro K0HTpon» napaMerpos noAA Ten­

nosb1X Hei-irpOHOB Tpattc<f>opM11pyCTCJI B <f>yttKUHlO 

nporHOCTH'-ICCKOH oueHKl1 0)1(11JJ.3CM0ro 3H3'-ICHH.51 co 

3H3'-111TCJlbHO CHH)l(CHHblM ypoBHCM rpe6yeMOH T0'-1-

H0CTH. 

3aKJIIO'-leHHe 

TexHH'-!eCKH o<popMJieH 11 3KCnep11MCHTaJlhHO 

11ccJ1CJ1.0BaH HCT0':IHHK TennoBblX HCHTpOHOB 3H-T-22, 

op11eHTHp0B3HHblH Ha C0BMecn1yio pa6ory C peaKT0-

poM EP-lM. no pe3yJlbTaTaM np0BC,lleHHblX 11ccne­

.UOB3HHH 11CTO':IHJ1K aTTeCT0BaH C BbJ,lla'-leH cepTtt<f>H­

KaTa ycrnHOBJleHHOH <f>opMbl cneu11an11311posaHHOH 

MCTpOnornqecKoii opramnaune» ¢IYI1 «BHIB1¢TPH» 

s Ka'-!ecTBe pa6o'-lero :>Tanotta BToporo pa3p».na. 

8 M3KCl1MallbH0-)],0nycTHM0M KpaTK0BpCMCHHOM 

(MHHYTbI) 3HCpronycKC pcaKTopa C Il0JlHblM ':111CilOM 

.nenett11i1 B aKTHBHOtt 30He 4,0· 1017 
s onopttoi1 TO'-!Ke 

3H-T-22 pean113ycrc» <Pnioettc Ten11osb1x tteiiTpoHOB 

3,16· 1011 
HCHTp.lcM

2 
c TCMneparypoi:i, npcsb1wa10-

me11 TeMneparypy 3aMC.UJIHTCJl51 Ha 36,5 °C. I1p11 

MaKCHM3JlbHO .UOCTH)KHMOH HHTeHCl1BHOCTl1 .ueneHHH 

B aKTHBHOH 30He - 5· 1015 
JJ.Cn./c nJI0TH0CTb IT0TOKa 

TenJI0BbIX HeHTpOHOB B onopttott TO'-IKC COCTaBMeT 

- 4· 10
9 

ttci-irp./cM
2
·c. 

3Ha'-I.J1TeJlhH351 np0T51)1(eHl!0CTb pa6oYett o6naCTH 

c IlOCTOJIHHbIM yposHeM cpnlOeHca (He Mettee 700 MM) 

H TeXHOJlOfH4CCKH YJ1.06Hbltt BblBO.U C0e)],l!HlffCJlbHblX 

Ka6enbHblX Jll!HHH 06ccnC'-ll1Ba10T B03MO)l(H0CTb npo-
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se,nCHH.51 pa6oT no onpc.ncne1m10 'IYBCTIHI ICill,H0CTll 

K Tenn0BbJM HCHTpOHaM npaKTl1'-IeCKH BCCX H0Hl13a­

U110HHblX Katv1ep np0Mblll!IlCHHOfO np0113B0.UCTBa ;'.lJIJI 

peaKT0pHOM TCXHHKH. 

MHO)KCCTBeHHble cpe.n.crna M0Hl1T0pHposa11H.51 

o6ecnC':1118alOT K0HTp0,'lb BeJlH'-IHHbl cpnlOCHCa TCIIJlO­

BblX HettTpOl-108 KaK '-!epe3 KOHTpOJTh 311Cpronbl.UCne­

HH.51 peaKTopa no WTaTHOH MeT0JJ.HKe C J1.BYM51 ,LlCTCI(­

TOpaMH l13 Hl1Kem1, TaK 11 no IlOKa3aHH.51M JJ.BYX MC.D.­

HbIX .neTeKTOpOB Q)HKCHposaHHOfO pa3Mepa 11 Q)HKCll­

poBaHHOfO MCCTOpacnonO)KCI-11151 Ha KpbllliKe 113J1.CJU151 

3H-T-22. 
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IIPOCTPAHCTBEHHhIE, CilEKTPAJlbHbIE H BPEMEHHbIE XAPAKTEPHCTHKH 
CIIEI.(HAJIH3HPOBAHHOrO r AMMA~HCTO~HHKA PEAKTOPA liP-Kl 

A. C. Korneneo,B.X. XopymHH 

<DfYil «P<D5ll]:-Blllfi13¢», 607188, r. CapoB H11)Keropo.u.cKo« o6n. 

Tipe,nCTaBJleHbl npOCTJ)aHCTBeHHhle, cneKTJ)aJlbHhie 11 apeMeHHble xapaKTepHCTIIKH cneUHclJJ.H311pOBaHHOro raMMa­
HCTO'IHHKa peaKTopa EP-Kl, Heo6XO.Lll1Mble np11 KruIH6pOBKe ,neTeKTopoB .LlO3bl II MOlllHOCTl1 )lO3bl y-113Jl)"ieHHJI, opweHTH­

poaaHHhlX Ha 11cnOJ1bJOBaHHe B pa,ll11au11OHHhIX no.illlx peaKTopH.bIX ycTaHOBOK P<1>5IU-BHl1113<t>. 

Kmo'leBble CJIOBa: peaKTop 5P-Kl, cneU.Hru:IH3HpOBaH.H.blli raMMa-.HCTO'iH.HK, ,llOJa, MOlllHOCTb ,llO3bl, MrHOBeHHble 

y-KBaHTbl, Jana.J).lbLBa!OlllHe y-KBaH.Tbl. 

SPACE, SPECTRAL AND TIME CHARACTERISTICS OF A SPECIALIZED GAMMA-SOURCE OF 
liP-Kl REACTOR I A. S. KOSHELEV, V. Kh. KHORUZHY // There are presented space, spectral and time character­
istics of a specialized gamma-source of BR-Kl reactor required at calibration of dose detectors and detectors of gamma­
radiation dose rate intended to be used in radiation fields of RFNC-VNIIEF reactor facilities. 

Key words: reactor 6P-Kl, specialized gamma-source, dose, dose rate, prompt gamma-quanta, delayed gamma­

quanta. 

BBC)lCHHC 

B 2008 r. tta 633e pemcropa EP-Kl KOHCTJ)yKTlIB­

Ho ocpopMJieH, MeTJ)OJIOrnY.eCKH HCCJie)J.OBaH 11 ane­

CTOBaH cneIJ,Hfilll1311pOBaHHblH 11CTOY.Hl1K raMMa-

113JI}"leHID! (CI11) [ 1]. 
Co6cTBeHHO crH npeJJ.CTaBmleT co6oi1 cp11KCl1-

poBaHHOe npocrpaHCTBO BO BHyrp1130HHOH IlOJIOCTl1 

peaKTopa B cpopMe napannenen11ne.u.a c pa3MepaMH 

100 x 100 x 50 MM. ATieCTOBaHHblMH napaMeTµaMH 

$1BJUIIOTC$1 nornomeHHaH )J.03a 11 MOlljHOCTb norno­

meHHOH ,U03bl B BO,Ue B cp11KC11pOBaHHOM ::meMCHTap­

HOM 06beMe pa6oqeif o6JiaCTl1 Cfl1, npOCTµaHCTBeH­

HO COBMelljeHHOM C MO,Uen11.py10ll1l1M onopHblM no­

JICM tteHTµOHOB MOI1-K2 [2]. Bocnpo11JBe.u.ett11c aT­

Tecrnu,110HHbIX napaMeTµOB 06ecneY.11saeTC51 nyreM 

11CilOJlb30BaHl1$1 .u.syx HHKeneBblX MOHHTOpOB, npo­

CTµ8HCTBeHHO q>HKC11pOBaHHblX B6Jil1311 Cfl1, H per­

naMCHTaIJ,HeH cpyHKUHOHaJibHOro nycKOBOfO pe)!(HMa 

pcaKTOpa. 

Ilp11 npose)J.CHl111 MCTµOJIOfHY.CCKHX 11CCJIC)J.OBa­

Hl1H ocymecrnneHa OIJ,CHKa HCpaBHOMepHOCTl1 no­

rJIOlljCHHOH JJ.03hl B pa6oY.ett o6nacrn Cfl1 BHe arre­

cToBaHttOro 3JICMCHTap1mro 06beMa. 
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B pa6oTe [3] Ha OCHOBllHIDl 3KCnepHMeHTaJ1bHblX 

pe3yJibTaTOB, IlOJI}"leHHblX C TIOMOI.w,IO BaKYYMH0-

3Ml1CCl10HHbIX ,neTCKTOpOB y -H3Jl}"ICHIDI B3,lJ.-2-03 [4], 
11 HX paC'!eTHO-TeOpCTHtieCKOfO amU1113a, BblfiOnHeH­

HOro C 11CTIOJlh30BaHJ1CM cpopMaJI113Ma pa60T [5, 6], Ha 

npeu,H3HOHHOM ypOBHe (c TOY.HOCTblO 0,4-1,8 %) KOH­

KpeTl13HpOBaHO napu,HaJibHOC COOTHOllleHHe peaJI11-

3yeMOH B npoueccc q>yHKUHOHaJihHOro 3ttepronycKa 

peaKTopa nornomeHHOH ,U03bl OT MfHOBCHHblX 11 3a­

Ila3)].bIBal011(11X y-KBaHTOB peaKTopa. 

B 11HTepecax cosepll!eHCTBOBaHHH npHKJia)J.HblX 

B03MO)KHOCTC.H Cfl1 B 2009 r. aBTOpaMH 6b1Jl opra­

Hl130B3H 11 ocymeCTBJieH UHKJI 3KCnep.11MeHTaJibHO­

pacqeTHblX 11ccne)J.OBaHHH, ttanpaBJICHHhlX Ha pa3-

septtyroc H3Y'-ICHJ1e OTHOCJ1TeJibHOfO npocTµaHCT­

BeHHOfO pacnpe.ucnett11H nornomeHHOH JJ.03hI B pa6o­

Y.ci1 o6nacrn crH, 11 pacqeTHhlX HCCJIC,UOBaHHH, Ha­

npasneHHhlX Ha 113Y'!CHHe CilCKTpaJibHOfO COCTaBa 

cjlOpM11p)'lOlUl1X )J.030BOe none Cfl1 y-KBaHTOB. 

CoeoKynttoMy li3JIO)!(eHHIO BHOBh nonyqeHHblX 

)J.aHHhlX B COY.CTaHl1H C paHee H3BeCTHblMl1, Il03B0-

Jl$110lljCMY pacnmp11Th KOJIH'!eCTBeHHOe on11caH11C 

npOCTµaHCTBCHHblX, cneKTPfillbHblX 11 BpeMCHHbIX 

xapaKTCp11CTl1K y-nOJUI Cfl1, 11 IlOCBHll(etta HaCTOH­

lUM CTaTb$1. 



OTHOCHTeJlbHOe npocTpaHCTBeHH0e 

pacnpe)leJJeune )lOJbl 

,IJ,m1 .n.eTIUibHoro 111yqemu1 pacnpe.n.eneHm1 y-.n.o-

3bl B □pocrpaHCTBe Cfl1 fain H3rQTOBJJeH CileUHaJlbHblH 

MHOro□03HUMOHHblli <pllKCaTop no.n. y-.n.CTeKTOpbl nma 

,IJ,TC-0.01/1.0 [7] c 06m11M q11cnoM j!qecK (rne1.n.) 125. 
O6ll.(MH B11.ll q>HKCaTOpa C Bblpe3aHHblM cerMCHTOM 

B pa6o'IeM nono)Kemm Ha rop1110HTaJ1bHOH nnoma.n.­

Ke 113 COCTIIBa KOHCTPYKUHOHHOro o6ecncqeHH}I crH 

□pHBe,neH Ha p11c. I. 
<f>HKCaTop H3rQTOBJJCH 113 JIHCTOBOro TICHO□JiaCTa 

□JIOTHOCTblO 0,015 r/cM
3
. Bb16paHHaH TOlliUHHa Jll1CTa 

5 MM COOTBeTCTByeT TOJJLUHHe ,UCTCKTOpa ,IJ,TC-0.01/1 .0. 
lliTb nnaCTHH C ra6ap11THblMl1 pa3MCpaMl1 

(150 X 140 X 5) MM
3 

HMCIOT no 25 CKB03HblX KBa,!l­

paTHbIX npoeMOB (OKOH) C pa3Mepa.M11 (15,5 X 15,5) MM
1 

no.n .D.eTCKTOpbl (15 X 15) MM
2
; paBHOMCpHO pacnono­

)KCHbl B npe.nenax KBa.npaTa (JOO x 100) MM
2 

Ha Ka)K­

,noif nJiaCTMHC CHMMCTPH4HO OCH KOHTCHHepa rop11-

30HTaJibHOH 1arpy1K11 (Kr3). 

P11c. 1. O61..1.(HH BH)l ctmKCaTOpa □0)l y-)leTeKT0pbl 
,ll,TC-0.01/1.0 

lleTb!pe CilJIOlUHblC IIJiaCTl1Hbl 06ccne'I11Ba10T 

qlHKCaUHIO Jl.CTCKTOpOB JUC B npMMbLKalOllJJIX IIJia­

CTHHaX C OTBepCTHRMM 11 KOOp,n11HaTHYJO qlMKcau1110 

no BblCOTe. HmKHHH B c6opKe nnacntHa c ornep­

cnrnM11 11MCCT np11KJICCHHOC ,UHO 113 TOHKOro KapTO­

Ha. )].n» qi11Kcau1111 aepxHero p».n.a ,IJ,TC cttapy)l(11 
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npe.nycMOTPCHa CbCMHaH KapTOHHa}I KpblllJKa. O6maR 

Macca ITCHOTIJiaCTOBoro qlHKCaTopa B c6ope He npe­

BblllJaeT 12 r. 
Pe.naKUHR H'3Mepett11H npe.uycMaTPHBana O.llHO­

BpeMeHH}'IO ycraHOBKY 25 .UCTeKTopoB ,IJ,TC TOnbKO 

B O.D.HH I13 CJIOCB qJHKCaTOpa. TTp11 Maccc O.D.HOro .ue­

TCKTOpa - 3 r cyMMapHaR Macca ycraHoBJieHHblX .ne­

TCKTOpOB COCTaBnRCT - 75 r. 

O6nyqett11e ,nCTeKTOpOB ,[!,TC ocymeCTBJIRJIOCb 

B nRTH 6JIM3KHX no qiopMC KpaTKOBpCMCHHhlX :mep­

roP.ycKax peaKTopa, HJlJllOCTT,lUTJIBHaR cj.lopMa 0,!lHOro 

H3 KOTOph!X npe.n.cTaBJJCHa Ha p11c. 2. Hc□0Jib30BaH­
Ha.H cj.lopMa o6ny'IaTCJihHOro JHCpronycKa o6cc□e'IH­
saeT oncpaTHBHOCTb ero pcan111au1111 (BpCMH HaXO)l(­

.neHHR Ha TPC6yiomei1 TIJ.laTCJibHOro KOHTpOAA MOll.(­

H0CTH He 6onee 100 c) H Bb!COKl1H ypoBCHb e.n.1rnoo6-

pa311}1 no napaMeTPaM. 0TBCTCTBCHHblM 33 BCJIH'IHHY 

.D.03hl (pa36poc 11H,Lll1B11.D.YaJibHO peaJIH30B3HHh!X 

JHeproBbl,UCJieHHi-1 no IlHTH rrycKaM C0CTaBAAeT 

± 0,39 %; CTaTHCTH'-leCKa.H norpCWH0CTh pac'IeTHOH 

.D.OJJl1 pCaJIM30B8HHOH ,Ll03bl OT 3ana3,llbJBa!Oll.(11X 

y-KB8HTOB ± 0,02 % ). 
J1mpopMaUHOHHaR o6pa6oTKa ,ucTeKTopoa )].TC 

nocne o6ny'-!eHHR ocymecrnmrnach a paMKax UITaT­

HOH MeTO,nmrn .n.0111MCTPHYCc1<oro KOHTPOJIR P<t>.5I.IJ,­

BHIIl13<t> COTPY.D.H11KaM11 cneu11an11111poaattHoro no.n.­

pa1.n.eneHHR HHCTHiyra ronoaaHOBhJM 0. A. 11 Bep­

THHCKHM A. B. 
TTcpBH'IHhrn nom1h1H tta6op .D.030BbJX 1Ha'IeH11i1. 

npeo6pa10Bh1BaJICli cne,nylO-UlHM 06pa10M: 

- Ka)l(Jl.a.H lfaCTHaR BhI60pKa (3Ha4CHHR ,U03 B HH­

.D.HBH.UyanbHOM o6nylfaTCJlbHOM 3HepronycKe) HOp­

MMpoaanacb Ha COOTBCTCTBYIO-UlCC o6nylfaTenbHOMy 

nycKy '.)HCproBbl.D.CJICHHC; 

- onpe.n.cnRJIOCb HOpMHpOBaHHOe Ha :meproBbl­

Jl.CJlCHHC cpe,nHee ,n:n.li IlOJIHOro tta6opa (5 YaCTHbIX 

Bb16opoK, 125 3H84CHl1H .D.03); 

- IlOJIHblH Ha6op HOpMHpOBaJIC.Si Ha HOpr.mpo­

BaHH0C cpe.n.Hee (np11paBHHBaH11e HOpM11poaaHHoro 

cpe.n.1-1cro 3Ha'IeHl110 l T04HO). 

HTorOBblC pe1yJibTaTbl BbllllC113JIO)KeHJ1oro rrpe­

o6pa30B3HH.Si flOJIHOro 1-1a6opa 3KCrrep11MeHTaJibHbJX 

.n.attHhlX npe,nCTaBJieHbl B Ta6JI. 1. HH.D.CKC «e» B o6o-

3Ha'ICHHH De - OT ~periment. 
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P11c. 2. l1nJJ1-0CYpan1sttru1 qiopMa o6n)'1larem,ttoro :mepronycKa 

Ta6ntt1.,1a 1 
TioJIHblM Ha6op HOpMHpOBaHHbIX 3KCI1Cp11MeHTaJibHblX ,naHHbIX 

D,(x,y,z), 0TH. e.u. 
Y, MM 

Z = -42.5 MM Z = -21,25 MM ;;=0MM Z = +2J,25 MM Z = +42,5 MM 

+22,50 0,8906 0,9550 1,0 135 1,0572 1,1057 
+22.50 0,8636 0,9270 1,004 1 1,0430 1,1271 
+22,50 0,8794 0,9253 0,9827 1,0695 1,1403 
+22,50 0,8609 0,9423 0,9925 1,0529 1,1693 
+22,50 0,8706 0,9480 1,0276 1,0594 1,1237 
+11,25 0,8676 0,9380 1,0154 1,0586 1,1158 
+11,25 0,8731 0,9256 1,0090 1,0485 1,1075 
+11 ,25 0,8889 0,9095 1,0231 1,0667 1,1247 
+11,25 0,8718 0,9379 1,0199 1,0638 1,1663 
+I 1,25 0,8718 0,9376 1,0150 1,0643 1,1345 

0,00 0,8947 0,8987 1,0141 1,0420 1,1143 
0,00 0,8664 0,9092 1,0154 1,0457 1,1117 
0,00 0,8736 0,8909 1,0077 1.0638 l , 1143 
0,00 0,8794 0,9302 0.9410 1,0570 l.1568 
0,00 0.8764 0,9536 0,9379 1,0621 1,1164 

- 11,25 0,8884 0,9612 I ,0193 1,0692 l, 1482 
- 11,25 0,881 l 0,9319 1,0070 1,0454 1,1329 
- 11,25 0,8785 0,9 I 10 1,0242 1,0621 1,1178 
- 11,25 0,8841 0,9654 1,0070 1,0555 1,1834 
-11,25 0,8898 0,9560 1,0312 1,0827 1,1646 
-22,50 0,8805 0,9539 0,9939 1,0220 1,1048 
-22,50 0,8609 0.9230 1.0110 1,0402 l ,1221 
- 22,50 0,895 1 0,9392 1,0075 1,0524 1,1017 
-22.50 0.8707 0,9613 1,0086 1.0630 1,0937 
-22.50 0,8595 0,9272 1,0105 1,0444 1,1026 
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C11cTeMa KOOp,ll,11HaT (x, y, z) COBMCmeHa C reo­

MCTPl1'-ICCKHM uettrpoM Cnf. Och Oz Hanpasnetta 

B.UOJib UCHrpaJibHOH OCH Kf3 C TTOJl0)1(11TCJibHblM Ha­

npasJieHJ-teM - BHyTph aKTHBHOH 30HbI (A3). Ocb Ox 
ttanpasnctta nepnctt.UHKYIDIPHO uettrpaJibHOH oc11 

Kf3 napannenbHO nony peaKTopttoro 3ana c nOJlO)KJ-1-

TeJlbHbIM Hanpasnett11eM - snpaso OT ueHTpaJihHOH 

oc11 no xo.n.y sso.ua Kr3 B A3. Ocb Oy Hanpasnetta 

nepneH.UHKyn.sipHo ueHrpanbHOH oc11 Kr3 11 nony pc­

aKTOpHoro 3ana ssepx OT nona pcaKTopttoro 3ana. 

Ilp11se.neHHble B Ta6JI. 1 '-111CJICHHbie 3HalfCHl1.sl x, y, z 
COOTBeTCTBYIOT nOJIO)KeHHIO uettrpOB .UCTeKTOpOB 

,D.TC s ycrnHOBO'-IHhlX no31-1u11Hx cp11Kc11py10mero 

ycrpOHCTBa, UCHTP KOTOporo s pa6o'-ICM nOJIO)KCHJUt 

COBMeIUeH C U.CHrpOM Cfl1 H, COOTBCTCTBCHHO, 

C UCHTPOM 1136paHHOH CHCTeMbl KOop.n.1-rnaT (x, y, z). 
AHan113 MHO)Kecrna D,(x, y, z) rn6n. 1 BbIBBHJI 

B03M0)KH0CTb ero OT06pa)KCHl--rn annpOKCHMaHTOH 

B11,Ua 

Da(x, y, z) = Da(z) = 1,00000 + 0 ,00294z. (1) 

ConOCTaBJieH11e 3KCnepHMCIITaJlbHOro 11 paCC'-111-

TaHHOro C l1CTIOJlb30BaHHCM (1) MHO)KCCTB. BbinOJI-

HeHHOe C HCnOJib30BaHHCM MHO)KCCTBa HCB5130K 

Oea(X, y, z) (B %), Bbt.siBl1JIO B03M0)KH0CTh npe.ncTaB­

JICHH.si nocne.nttero B cpopMe HOpMaJibHOro pacnpc.nc­

neHM.si f aycca s11.na 

I -8" /2cr1 
--e cn 

cr..fiic 
c .u11cnepc11eii cr = 1,7 %. 

8 a.en.six BhJ.siCHCHM.si B03MO)KHOCTl1 BhlXO)la 3a 

rpaHI11J,bl pa604ef1 o6naCTl1 Cfl1 B CBCTe Bb!pail(CHH0-

ro xapaKTepa nocTo.sittcTna noJbI no r = .J x 2 
+ y2 

, 

CJlC.UYfOIUero 113 (} ), 6bmo opraHH30BaHO H ocymccT­

BJieHO pacl-JeTHOe onpencneHHC H36paHHoro MHO)KC­

CTBa 3Ha'-ICHl1H D,. ( t, y, z) (paC'-ICTHOe MHO)KCCTBO, 

fomputation) nfill pacw11pc1rnoro nuana3oHa H3MCHC­

Hl1.ll KOopn1-rnaT X 11 y. EMKOCTb pac'-ICTHOrO MHO)KCCT­

sa - 51; TPM KOOp,ll,l,!HaTHhie nnoCKOCTl1 (x, y) c UCH­

TPOM Z = -45, 0 , +45 MM; 9 KOOp,ll,1-rnaTHhlX n0311UHH 

no X 11 no y paBHOMep110 B 11HTCpsane OT -140 ,ll,O 

+ 140 MM (c o6IUHM UCHTPOM s KoopnHHaTe x = y = 0). 

Pac'-leT nposomrnc.si MCTonoM MoHTe-Kapno no npo­

rpaMMe C-95 [8] C HCTTOJlb30BaHHCM KOHQmrypau11-

0HHOH MonenH A3 EP-Kl C Cfl1113 [3]. 
AHaJIH3 paC'-ICTHOrO MHO)KCCTBa, OTHOpM11po­

B8HHOro ceneKTHBHO no ycnOBl1IO D,. (:) = l Jlfill Z = 
= -45, 0, +45 MM, BbUIBl1Jl B03MO)KHOCTb ero OT06pa-

)KeHH.si annpOKCMMaHTOH s11na 

113 COOTHOllleHM.si (2) cncnyeT, 'iTO pac'-leTH8JJ 

HepaBH0!'.1CpHOCTh .U030B0f0 y-non.si: BOKpyr U.CH­

TPaJibHOH oceBOH Kf3 BnJIOTb no 140 MM (np11 pa­

n11yce BHyTpCHHCH TIOJIOCTH Kr3 ~ 150 MM) B npene­

nax z OT -45 no+ 45 MM He npCBbJlllaeT l %. 

CnCKTpaJJbHbie KOJ\tnOHellTbl. 

Coon,omenue )lOJOBbIX cTaH)lapToB 

)ln.si onpC..'lCJlCHH.ll cneKrpaJibHhlX xapaKTCpHCTl1K 

y-non.H s rpa1-1Huax pa6o'iett o6nacm Cfl1 11 cpopMn­

pyeMblX JTMM flOJJCM no30BblX CTaH.n.apTOB (norno­

mel!HblC .D.03hJ s soJJ,e, so3nyxe, MaTep11anax .n.0311-

MCTpos HC-7 MCTOllHKl1 11KC [9] 11 ,D.TC-0.01/1.0 [7], 

n s cTan11 12X I 8H I OT, onpe,ncID110me.i-i JJ.030Bbu1 0T­

Km1K J].CTCKTOpa B3,D.-2-03) 11C0OJib30BaJiaCb pac'-ICT­

Ha.si MOllCJlb peaKTopa EP-Kl, amU10rn'iHM peanttJo­

BaHHOII 8 131. 
8 CHCTCMC KOOpJJ,HHaT (x, y, z), HCOOJlb30BaHHOH 

np11 onucaHHH npocrpattCTBeHHoro pacnpcJJ,eneHM.si 

,U03bf B Crvt, llJI.H paC'-ICTa 6bJJil1 Bbi6paHbl 9 TT0311UI1-

0HHblX KO0pLIIIHaT: no TPH K0Op.D.HHaTbl (x = y = 0), 

(x = 5 CM, y = 0), (x = 0, y = 3 CM) s nJI0CKOCT51X 

(x, y), C0OTBCTC1 ay10m11x z = -45, 0, +45 MM. 

,[l,JI.H Ka)KJlOH 113 YKa3aHHhlX 00311UHOHHhlX KOOp­

)lHHaT Cf]!f paCC'-IHTblBaJIHCb: 

- cneKrp cj)JIIOCHCa MrH0BCHHblX y-KBaHTOB (.ue­

J1CHI151, Heynpyroro B3al1MO)].CMCTBl1H 11 Y4l1Tb1BaCMblX 

nporpaMMOH 11Hb!X B3aHMO,UCHCTBHM C MrHOBCHIIblM 

BbIXO.Ll0M y-KBaHTOB) B npHHRTOM B npaKTI1Ke npe.n.­

CTaBneHH.si cncKrpOB y-113JIY'-ICHH51 peaKTOp0B P<D.51[(­
BHI1113<!) 18-rpynnoaoM 3HeprernYecK0M pa3611e­

HH11 (CM., HanpHMep, [10]) 11 ero cpe,ll,HHH 3Heprn.si.; 

- CTTCKTP !pJIIOCHCa 3aTTa.3,Ub(BaIOm11x y-KBaHTOB 

.LlCJICHl1H 8 18-rpynnoBOM 3HepreTl1'-ICCKOM pa36He­

Hl111 H cro cpc.nwrn Jtteprm1; 

- cpmoeHC pa3,UCJihH0 ,ll,JIH MrH0BCHHblX l1 3ana3-

llb!Ba1om11x y-KBaHTOB Ha O,ll,HO ,ll,CJICHl1C B A3 peaK­

rnpa; 

- JJ,03bl nom1oro nornomettHH B so.n.e, a03.n.yxe, 

crcKJie ,[l,TC, cTeKne HC-7 tt s cTan11 12Xl8HlOT 

pa3.UCJibHO .nn.si MfHOBCHHblX H 3ana3,ll,b1Ba10mHX 

y-KBaHTOB Ha OllHO ,ll,CJlCHHC a A3 pcaKTOpa. 

,ll.CB.ll.Tb nOJIY4CHHbIX pc3ynbTaTOB Jlfill rpynnoBO­

ro npC.UCTaBJICHH.ll !pJIIOCHCa, cpe,ll,HHX 3Heprntt 11 no­

rnomcHHhIX ,no3 06pa6aTurnan11ch s nnaHe no11cKa 

cpeJJ,Hl1X 3Ha'-ICHl111 0.LlH011MCHHblX BeJIM'-IHH H HX cpe.n.­

HCKBanpaTl1'-IHhlX OTKJIOHCHHH (CKO). )],mi onpeJJ,ene­

HWI CKO HCTTOJlb30Banc.si 061l.{enp11H.si.Tb1H ¢opManl13M 

cro onpe.neneHH.ll s nonymemrn npasonp11MCHI1M0CTH 

H0pMMbHOro pacnpc.nenett11J1 faycca K attanH3ttpye-

D,.(r) =-0,00005r+ 1.00367. (2) MOH BbI60pKe na11HblX ( CM., 11anp11Mep, [ 11 J). 
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Pe3yJihTaTb1 norpyrmoaoro ycpe.UHCHl1R cneK­

Tp0B MfH0BCHHblX 11 3anaJ.UbIBa10lllHX y-KBaHT0B 

B cpopMaTe e.u11H11'-!H0ro <Pmocttca npeJJ.CTaBJieHhl 

s Ta6n. 2. TaM >Ke .n.irn Ka)l()lOH :mepreTJ1lICCl<0H rpyn­

nh1 npe.n.crnaneHbI CKO cpc.uHero 11 ypoaeHh crnrn­

CTl1'-ICCKOH norpeurnocrn pac'-!ern (crnT11CTJ1Ka pac­

'ieTa, CP), pcan113yeMhIH a Ka)K.!J.0M 11H.u11a11.n.yanhH0M 

cneKTpaJihH0M pewemrn, a conocrnauM0M c CKO 

Q)OpMaTe. 

,l],JIR cpe.uHe11 ::rneprn11 cnCKTpa cpmoeHca MrH0-

BCHHhIX y-KBaHT0B nony'-ICH0 3Ha'-!CHl1e, paBH0C 

1,059 M3B c CKO 0.25 %; MR cpe.n.tteii 3Hcpr111-1 3a-

0aJJJ.bIBa10ll1HX y-KBaHT0B - 0,820 M3B c CKO 0.09 %. 
Pc3ynbTaTh1 pac'-!eTa nornol.l..(eHHhIX .n.oJ MR 113-

6paHHhIX MaTep11anoa .ll0311MeTp.H'-leCKOH 0pHCHTaW,1.11 

npC.UCTaBJICHbl a Ta6JI. 3. ,l],JIR Hl1BeJIHp0BaHMR Mac­

UJTa6HhIX pa3JIJ1'-IHH, CBR3aHHblX C HMC!Oll!HM MCCT0 

3Ha'-!11MbIM 113MCHCHHCM paCC'-!11TaHHOH Ha .ueJICHI11.! 

B A3 peaKTopa nornOI.l..(CHHOH .ll03bl no OCH cr11 Oz. 
HCX0.llHhlC paC'-ICTHblC .ll030Bhle BeJlH'-IHHbl 6blJ111 nc­

pCC'-!HTaHbl Ha 0.lll1H KBaHT y-113JIY'-ICHHR. 

B rn6n. 3 npe.ucrnaneHbI TaIOKe CKO cpe.utt11x 11 

0TH0UJCHHR JJ.030BblX BCJ111'-111H pa3J111'-IHblX MaTep,rn­

JI0B K .ll03C B B0JJJ.yxe (6aJOBblH JJ.030BhlH CTaH.uapT. 

11cnonh3YCMbIH np11 onpe.uencH1111 ypoaHc11 pa.u11au11-

0HHoro Harpy)KCHI-HI B □0JIRX y-113J1Y'-ICHl1H Ha peaK­

TOpax P<P51.U-BHl1.11.3<1>) 11 B sonc (aTTecTau110HHbJH 

CTaH.UapT OOrJIOll.(CHHOH JJ,03bl cr11, 11COOJlb3YCMb!H 

rocy.uapCTBCHH0H MCTpOJ10f11'-ICCK011 opramnaQHCH 

<l>f'Yfl «BHI1l1<1>TPI1» ). 

DpCJJ.CTaBJlCHHble B Ta6JI. 3 pC3YJlbTaTbl TT03B0-

JIRIOT CJJ.CJiaTb CJlCJJ.)'lOll!IIC, 3Ha'-!11Mble B acneKTC 

nnam1pyeMoro npaKTl1'-!eCK0fO 11CTT0Jlb30BaHI-HI, Bbl-

80.llbI: 

- C00TllOllleHMC norn0I.l..(CHHblX JJ,03 B paCCM0T­

peHHbIX MaTCpHanax npaKTH'-ICCKH 0,D.H0 11 TO )Ke .llJIH 

y-K0MTT0HCHT, cpopMHP)'lOll1MX y-none a Cfl1 (Mrno­

BCHHbIC 11 3aTTaJJJ.hIBalOI.l..(11C KBaHTbt); 

- JJ,030BblC 0TKJ1HKl1 0CH0Bl!blX y-JJ.eTeKT0p0B, 

11CTT0J1b3yeMb1X B npaKTHKC pa6oT Ha peaKT0pax 

P¢51.U-BHl1.11.'3<P (,l],TC u I1C-7) ljJaKTH':lCCK11 coana­

.ua10T c nornol.l..(eHHOH JJ.OJOH a aoJnyxe; 

- norn0ll!CHHa.R: .U03a B B03JJ.yxe Ha 10 % MCHblllC 

nornOll!CHHOH Jl.03hl B B0JJ.C (KoppenRUHOHHhlH MH0-

)Kl1TCJ1b 0,9, cornacyIOll111.HCR C aHaJl0rH'-!HblM 3H8'-IC­

H11CM, nony'-!CHHblM B (10) )J,JIR paCUJ11pCHHOH Bb16op­

KH pcaKT0pHbIX y-cneKTpOB). 

Ta6J11,1ua 2 

CneKTpbl C.D.HHH'-lHblX qlJI!OeHCOB MrH0BCHHhlX 11 3anaJJJ.b!Ba!Oll1l1X y-KBaHT0B 

11.ttTepean, 
MrHOBeHHbJe y-KBaHTbl 3aml3.LJ.b(B8IO!llHe y-KBaHTbl 

fpynna 
MJB 

CfJJllOCHC 
CKO,% CP,% 

CfJJllOCHC 
CKO,% CP,% 

e rovnne e rpynne 
l 0,02.;-0.20 0,09370 1.48 0,52 0,09484 1,00 0,34 
2 0,20.;.0,40 0,14325 0,81 0,54 0,14870 0,82 0,40 
3 0,40.;.0,50 0,08083 1,69 0,40 0,08475 0,45 0,64 
4 0,50.;.0,60 0,07527 0.61 0,60 0,09750 0,52 0,78 
5 0,60.;.0,70 0,05666 0,47 0,66 0,09487 0,60 0,74 
6 0,70.;.0,80 0,05230 0,83 0,76 0.09713 0,51 0,92 
7 0,80.;.l,OO 0,12365 0,47 0,51 0,12195 0,34 0,82 
8 1,00.;.l,25 0,08521 0,36 0.17 0,05595 0,16 0,30 
9 1,25.;.l,50 0,07662 0,65 0,18 0,05796 0,08 0,30 
JO 1,50.;. 1 ,75 0,04573 0,29 0,23 0,05863 0,17 0,26 
11 1,75.;.2,00 0,03803 0,28 0,24 0,03881 0,17 0,30 
12 2,00.;.2,50 0.05160 0,19 0,21 0.04167 0,20 0,28 
13 2,50.;.3,00 0,03094 0,27 0,26 0,00528 0,18 0,70 
14 3,00.;-4,00 0,02842 0,16 0,26 0,00088 1,03 2,24 
15 4,00.;.5,00 0,0!021 0,42 0,42 0,00078 0,71 2,JO 
16 5,00.;.6,00 0,00456 0,45 0,59 0,00030 1,59 2,86 
17 6,00.;.8,00 0,00233 1,08 0.78 0,00000 0,00 0,00 
18 8,00.;.JO,0 0,00070 1,68 1,37 0,00000 0,00 0,00 
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Ta6mrn,a 3 

IlornOLUCHHh1C .Ll:O3hl B MaTepmurnx Merponorn'ICCKoro Ha.JHa'-ICHHJI 

MrH0BeHllble 'Y-KBaHTbl 3ana3,!lb!Bal0Wlfe 'Y-KBaHTbl 

MaTepHaJJ 
Ilornowe11Haa ,uo3a 

Ha I KBaHT, CKO, 0TH0CHT. 0TH0CHT. Ha I KBaHT, CKO, 0TH0CHT. 0TH0CHT. 

ro % B0JJlyxa 80.:lbl fp % B0JJlYXa 80,!lbl 

Bo.na 4,693-12 0,15 1,1112 1.0000 3,915-12 0,11 l,1126 1,0000 

803,nyx 4,223- 12 0,15 1.0000 0.8999 3.518-12 0,ll 1,0000 0,8988 

CTeKJio .D,TC-0.01/ l .0 4,265-12 0,13 1,0100 0.9089 3,533-12 0,10 I.0040 0,9024 

CTeKJio 11C-7 4,223-12 0,15 1.0000 0.8999 3,500-12 0,11 0,99-l9 0,8942 

CntJib 12Xl8HI0T 4.370-12 0,11 1.0346 0.9311 3,588-12 0,20 l.0198 0,9165 

BpeMeHHaH B3pH3THBIIOCTb "-OMIIOIICIITIIOro COCT383 "f·IIOJUI Crff 

ATTeCTOBaHHblC napaMCrphl ,n03OBOro non.si Cr! 1 coo, BCTC1B)'K)T pernaMeHT1tposaHHOMY JHepronycKy 

peaKropa s pe)lmMc IIJIA TO co cnen)'K)LUHMH spcl\ICHHblMII napaMerpaMH: sbIxon Ha nocTOHHHbIM yposeHh 

MOll(HOCTH (IIJIA TO) - 200 c; Bhl,n:Cp)KK3 Ha IlOCTOHHHOM ypoBHC MOll(HOCTH C KOJJC6aHH.s!M11 HC 6onee l % -
OT 1000 ,no 1500 c; HHTCHCHBHhlH c6poc MOll(HOCTI!. o6ecnCYl1B3CMblH 3a CYCT c6poca COOTBCTCTB)'K)LUHX op­

raHOB perym1posaH1rn peaKTHBHOCTl1 - B npe.ncnax HCCKOilbKHX ceKyH,n. I1nmocrpaTHBHa.si cpopMa pernaMCH­

THpOBaHHOro JHcpronycKa ,nm1 cr11 .D:JIHTCnbHOCThlO rIJlA TO - 1200 C npe.ncrasnet-ta 11a p11c. 3. 
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Xorn s HaCTO.SII.U,ett pa6oTC BOITpOCbl a6como rnoii 

KaJrn6poBKl1 y-..UCTCKTOpon He paccMarp11Ba!OTC.sI, OT­

MCTl1M, 'lTO ITp11 KaJ1H6poBKC HHTerpaJJbHblX ,ll0311-

MerpOB nma l1C-7 11 )],TC-0.01/ l .0 B y-none Cfl1 
npone.neHJ1e 06ny'lett1111 B pe)l(HMC Cfl1-pernaMe11-

rau110HHbIX 3HeproITyCKOB peaKTOpa ,llOCTaTOY:HO .nm1 

11CITOJJb30Bamui HCnocpC,llCTBCHHO aTICCTaUl1011HblX 

napaMCTJ)OB Cfl1. 

I1p11 KaJJ116poBKC .nmpcpcpcHI.(.liaJJbHblX ,ll0311MCT­

poB THna B3)], a Cfl1-pernaMcHrau11011ub1X nycKax 

peaKTOp3 cnenyeT 11MCTb B BH.llY IIMCIOU(CC MCCTO 

31-Ia'iHMoe 113MCHeH11e MomttocTH ,no3bJ Ha ITJIA TO 
311CpronycKa, o6ycnoanettHOC YBCJJH'lCHHCM RKJJa,na 

OT 3aITa3,D.b1BaJOm11x y-KBaHTOR (CM. [3]). ,llJUI nony­
'lCHl1.sl HC06XO,lll1Mb[X KanH6poBO'iHbJX ,llaHHb[X B 

3TOM CJIYl!ae cne,nyeT COilOCTaBJJ.s!Tb IlOJJY'-H!HHbltt l1H­

Terp11poBaHl1CM ,n11cpcpepeHUl1aJJbHOfO curnana OT­

KJIHK ,D.CTCKTOpa C COOTBCTCTBYIOU.(CH aTTCCTaUHOH­

HOH .n.03011 cr11. 
I1p11 11CilOJJb30BalUUI MaTepmUIOB, ncpC'HICJJCH­

HhJX B ra6n. 3, Bap11aT11BllOCTb cneKrpaJJbHOro COCTa­

aa y-non.si Cfl1 B npouccce peamnau111-1 Cfl1-

pcrnaMcHrau110HHoro nycKa, o6ycnoanctttta.si pa1n11-

'-ll1CM cneKrpailbHOro cocrasa cpopMHpy1om11x none 

KOMilOHCHT (MrHOBCHHblC H JaITa3)].b1Ba1om11c y-KBaH­

Tbl), Hl1BCJJ11pyerc.si O,D.HOMacwra6HOCTblO )].030BbIX 

OTKJil1KOB COOTBCTCTBy10m.11x )].03HMCTIJOB. I1p11 11C­

IlOJlb30BaHHH )].0311MCTIJOB. 113roTOBJICHHblX 113 .npy­

rnx MaTep11anos, uenecoo6pa3HO npoao,n11Tb cooT­

sercrnyrom11e OUCHKH CilCKrpaJJbHOH 3aBHCHMOCTH 

HX OTKJIHKOB Ha y-cOCTaBJJJIJOll.(JIX non.si Cfl1. 

)],n.si B113YaJJHJau1111 HMCIOIUCro MCCTO ncpepac­

npe.neneHl1.s! KOMnOHCHTHOfO COCTaBa non.si Cfl1 

a ITPOUeccc pean113au11H pernaMCHTau110HHoro 3Hep­

ronycKa peaKTopa 11 COOTBCTCTBYIOll.(CH Bap11aTI1BHO-

CTI! cyncpno1uuuo11Horo y-cneKTpa 6hIJJ ocymccrn­

neH MO)icm1py10m11i1 paC'-ICT C HCilOJlb30BaHHCM Bbl­

XO,llOB ')Hepnrn 3ana3,!lb1Ba10IUliX y-KBaHTOB BO Bpe­

MCHH no K11n111ry Ii ncrposy, cornaCHO pCKOMCH,na­

U11.s!M [3), np11 3aMCHC J)CaJJbHOH cpopMbl 3HepronycKa 

Ha Mo.nem,Hyro a cpopMc I1JIA TO AJIHTCJibHOCTbIO 

1800 c 6c3 nepexo,11.HblX npoueccoa Ha ero rpaH11uax 

(MrHOBCHHblH 00,UbCM 11 MrHOBCHHbIH c6poc MOU.(HO­

CTH Ha rpa1muax ITJJATO). 
Cnc.ny10m11c 11:l paC'iCTa COOTHOWCHHJI )].03 OT 

ll!rHOBCHHbIX (D") 11 3anaJ,1J.b1Ba10m11x (D3) y-KBaHTOB 

B rpacp111.1cc1wi'i cpopMC OT06pa)l(CHbl Ha p11c. 4. 
TaM )KC npc.ncTaBJJCHO HJMCHCHHC cpe.a1-1ei1 

:>Hepnrn E KOMno111u110HHoro y-noJI.s1 B npouecce 

pean113aum1 Mo.ncn bHoro JHepronycKa. )],n.si onpe.ne­

JJCHHH £ 11COOJJb WBaJlllCb COOTBCTCTByJOIUl1C 3H8tfe­

Hl1.sl OTHowcHu.si D / DM 11 3Halfettn.si nornomeH1-1oi1 

.D.03bI B B03Jl)'Xe Ha I KBaHT coorneTcrny1omei-i 

y-KOMTIOHCHTbI W3 Ta6n. 3. fpacpmrn .nn.si D/DM 11 £ 
COBMCIUCHbl B WKaJJe TCKymero speMCHH peam13awm 

MO,llCJlbHOro JHCpronycKa. 

C npaKTH'-JCCKOH TOYKH 3pCHl1.s!, pe3yJibTaTbl pac­

qern ITO K11n11Hy 11 ITO Tierposy MO)l(HO paccMarp11-

BaTb KaK COBnaJJ,atom11e. B cpe,llHCM, 113 rpa<pl1KOB 

p11c. 4 CJJCJlYCT, YTO l!Cpe3 - 500 C pa60Tbl pcaKTopa 

Ha nOCTO.s!HHOi1 MOU.(HOCTH ,UOJJCBOH BKJia,n )].03bl OT 

3anaJ)].b1BaIOIUHX y-KBaHTOB COCTaBJI.sleT ~ 25 % OT 

,U03bJ MIBOBCHHbIX y-KB8HTOB, 11J111 He MCHee 80 % OT 

BeJll1'lllHbl, COOTBCTCTByJOU.(CH TCKyme111y BpeMeHH 

1800 c. Cpc.nH1010 :rneprmo cpopM11pyroIUHX none 

CfJ1 y-KB8HTOB Ha 11HTCpBaJJC OT 200 )].0 1800 C 

MO)l(HO C'lHTaTb OOCTOJIHHOH B npe.nenax 2 % C 3cp­

cj)eKTHBHbIM 3HaYeH11e111 1,005 M3B. 

, 020 
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3aKJJJO'leuue 

I1p1,rne.n.eHHhIC pe3yJihTaThl 003B0m!IOT pacurn­
p11Th 06JiaCTh 11C0OJlb30BaHJ-UI y-IlOJUl Cfl1, aTTCCTO­
BaHHOfO cl)I'Yil «BHI1l1cl)TPH>> B orpaHHYermoM 
o6beMe. B cpopMaTC OTHOCHTeJibllOH HOpMHpOBKl1 
arreCTOB3HHOe 3Ha4eH11e IlOrJIOll.(CHHOH .D.03bl paBHO 
1,0. IJo OCH Z Cfl1 11MeCT MCCTO Jll,lHeHHOe 113MeHC­
Hl1e .D.03bl B HHTCpBanc OT 0,853' .no 1,147 np11 paBHO­
MepHOCTl1 nom1 BOKpyr Z B npc.D.eJJaX CrJ 1 HC XY)KC 
1,7 % a .llOBepHTCJlbHOM HHTCpaanc 0,68. 

B paMKax 1-n6paHHofi cpopMhI pcan113au1111 arrc­
cTau11011Horo 3HepronycKa peaKTopa cneKTp cynep­
no311u110HHoro y-113Jiy4eHJUI, cpopM11pyeMblH MrHO­
BeHHhIMH 11 3anaJ.D.hIBal01.Ul1Ml1 y-KBaHTaMl1, MO>KHO 
paccMaTPHB8Tb KaK npaKTl14eCKl1 HeHJMCHHblH BO 
aceil: pa6oYdi 06nacT11 c 3cpcpeKrna110H cpe.n.Heii 
3Heprndi 1,005 M3B. 

PaC4CTHhlC C0OTHOWCHHJI 00rJI0ll.(CHHblX .D.03 ,[(JUI 
MeTpOJIOHl'-iCCKl1X (ao.n.a, B03.D.YX) 11 .D.031fMCTPH'-lC­
CKJ1X (cTeKJio ,lJ.TC, CTCKJJ0 11C-7, cTanb 12Xl8HlOT) 
Marep11anon 06ecneY11Ba10T TPe6yeMhn1 ua npaKTHKe 
nepexo,D. OT y-.D.03hl, aTTCCTOBaHHOH no nornoll.(CHl1IO 
B no.n.e, K ee attanory .D.JUI ao1.nyxa, 11cnoJ1b3YeMoMy 
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l:ICCJIE,[(OBAHHE HEHTPOHHOH 11YBCTBMTEJihHOCTll 
f AMMA-,[(ETEKTOPOB 

A. C. KomeJJeB, B. X. Xopy:mHi-i 

<l>fYil «P<l>5IU-BHill13<1>» , 607188, r. Capos Hm1<eropo)J.cK011 0611. 

O6c)')l(JlaeTCH B03MO)KHOCTb HCilOJJb30Bamu1 KaK Mepbl conoCTaBHMOCTH cneKTJ)OB HdhpOHOB no B03)leHCTBHI-O Ha 

)leTeKTOpbl y-li3.JJ.)"ieHJ.UI IlOJlllOH nornow.eHHOi1 HeihpOHHOH 1103bl B MaTep11a11e .ueTeKTopa. I1p1me11eHbl rpynnOBble qJyHK­
UHOHaJibl HeihpOHHOfO B03)leHCTBl1JI .llJIH B0CbMl11103HMeTpl1.'leCKHX MaTepHaJIOB. 

KJit0•1eBble CJIOBa: cneKTJ) HeihpOHOB, raMMa-)l03HMeTp, Mepa conocTaBHMOCTH, nonHaJI nornomeHHaJI )l03a, 

q>yHKUl10HaJI HeHrpOHHOro B03llei1cTBl1JI. 

TO THE CHOICE OF THE MEASURE OF COMPARATIVE NEUTRON SENSITIVITY/ A. S. KOSHE­
LEV, V. Kh. KHORUZHY II There is discussed the possibility of using complete absorbed neutron dose in detector mate­

rial as a measure of neutron spectra comparability by the effect to gamma-radiation detectors. There are presented group 

functionals of neutron effect for eight dosimetric materials. 

Key words: neutron spectrum, gamma-dosimeter, measure of comparability, complete absorbed dose, neutron effect 

functional. 

BBe.ueuue 

B oreqecTBeHH011 y-)J.03HMeTf)HH orcyrcreyeT 

o6menpHHS!TblH Kp1nep11H C0II0CTaB11M0CTM p8.31IH­

qa10mwxcJ1 3HepreT»qecKH cneKTpOB HettTf)OHOB no 

B03)1,CHCTBHlO Ha y-)J.03HMeTpbl npaKT~eCKOro HC­

Il0Jlb30BaHHJI. TaKoe COCT0JIJllle )J,CJl oqeBH)J.HblM o6pa-

30M o6ycnoeneHO )J.BYMJI 0CH0BHblMH npwn1HaM11: 

- 0CH0BHbIM11 HCT04HHK8MH CMeIUaHHblX nonei1 

11-y-HJnyqeHHH JIBJlJIIOTCJI np0MbllllJlCHHble H 11ccne­

)J,OBaTeJ1bCKHe Jl)J.epHblC peaKT0pbl, xapaKTepI13yio­

lllHCCJI oqeBH)J,HblM npeBamtpoBaHHeM B napu11anb­

H0M C0CTaBe Il0J151 y-KBaHT0B; 

- np11op11TeTHOCTb npaKTHqecKoro HCII0J1b30Ba­

HHJI nonyqHJIH CTCKJlHHHble )J,CTCKTOpbl THna HC-7 

(MeTO)J.HKa llKC [l] H )].TC-0.01/1.0 [2]). 
CornaCHO [l], «)J,030BaJI qyBCTBHTCJlbHOCTb CTCK­

na K TCilJl0BblM HCHTpOHaM np11 l13MepeHHH 3KBHBa­

neHTHOM )J,03bl COCTaBHT :S 4 %» C nocne)J.ylOlllHM 

y6hIB8HHCM «np116J1H3HTCJlbHO nponopl]H0HaJibH0 

cKopocT11 HeHTpOHOB». CornacHo [2], «nocK0JihKY 

·KepMa HCHTf)0H0B B CTCKJ18X C0CT8BJIJICT C.!lHHHtJbl 

11 )1.01111 npoueHTa OT CYMMapttoii nornomeHHOH )J.03bl, 

T8KHC )J,eTeKT0pbl npaKTHqCCKl1 HeqyBCTBHTeJlbHbl 

K 6blCTpblM HCMTp0H3M 11 npHMCWllOTCH )J,JlJI 113Mepc-
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HI-HI y-K0Mil0HCHTa nornomeHHOli )J.03bl CMCtllaHH0ro 

H311Y1-!eHHH». 

CTOJlb HH3K8JI qyBCTBHTeJlbH0CTb CTCKJlHHHbIX )J,0-

311Me-IJ)0B K HeHTpOHaM np0H3B0JlhH0r0 peaKT0pHoro 

CilCl<Tpa II03B0J1JleT onpe)J,eAATb He11rpOHH)'IO qyscTBH­

TeJlbH0CTb TaKHX )J,0311MC'I'p0B B C)J.HHHtJ8X 

« fp·cM
2
/Hci1rpoH» (cM., Hanp11Mep, [l]) 6e3 yroqHeHllil 

cnel<TpaJibHOrD C0CTaBa HCHTpOHHOro 11311yqeHHJ1. 

OnhIT IlOK8.3bIBaeT, 'ITO B cnyqae peaKTOp0B Ha 

6bJCTpblX HCllTpOHax, IUHp0K0 MCil0Jlb3YCMhlX BO 

<l>fYTT «P<l>5IU-BHill13<1>» [3, 4] 11 BO <l>rYil 

«P<l>fil.J,-BHill1T<I>» [4, 5), yqeT HeHTpOHHoro B03-

)J.ei1cTBH51 Ha y-)J.03HMC1'pbl, KaK npeHe6pe)KHM0 Ma­

noro 11 He 3aBHCfiltJCrD OT cae1<Tpa HeHTf)OHOB, MeTO­

)J,11'-ICCKl1 He o6ocHOBaH. 

B aTTecrnu110HHOH )J.0KyMeHTatJHH Ha cneu11an»-

3HpoBaHHbIH raMMa•HCTO'-IIDIK, C03)1,8HHblH Ha peaK­

rnpe EP-Kl B 06nacT11 onpe)J.eneHHH M0)J.en11py10me­

ro onopHoro noJIJ1 tteiirpottoB, MOTT-K2 Kf3-TT 

( cneKTpaJibHhJe xapaKTepHCTHKH Il0AA npe)J.CTaBJieHbJ 

KaK peK0MCH)J.YCMbie cnpaB0'IHbie )J,aHHble B [6, c. 162]), 
BbI)J.aHHoi-i npocp1111bHOH rocy)J.apcTBeHHOH Merpono­

rtt'-lecKoi-i opraH11Jat111ei1 <l>fYTT <<l3HMll<l>TPll», He­

onpe)J.eneHH0CTb aTTeCT0BaHH0ro 3HaqeHHH norno­

lllCHHOH y-)J.03bl OT nornOIUCHHOM )J,03bl HeHTp0H0B 

onpe)J.CJ1HCTC51 7 %. 



CornacHo l 7], B KOHcjrnrypau1111 nom1 113ny'-!e1rnii 

peaKTopa 6P-Kl MOI1-K2 Kf3-C<f) ttMCeT MCCTO 

4-KpaTHOC YMCHbWCHl1C y-,D.03bl no OTHOWCHJ1IO 

K 6hICTJ)blM IIC11TpOHaM (c '.)Heprndi Bb!WC 0,1 M3B). 

COOTBCTCTBCHHO, MO)l(HO O>Kl1,D.3Tb 3HaLrnTeJibllOro 

BKJia,n.a (.n.o - 30 % ) B nOKa33ll1'UI ,n.eTCKTOpOB 

)]:TC-0.01/ 1.0, 06ycnosne1-rnoro 1-1ei1-rpo1-1aMH. O'-!e­

BH.!lHO, '-!TO T3KJ1M ypOBHCM I·ICH.TJ)OHIIOro BJIIHIHH51 Ha 

)J.0311MeTJ) y-113Jiy<leHJ151 npeHe6peraTb MCTO)J.11'-ICCKH 

HCKOppCKTHO. 

C B03pacrnH11eM ypOBHH Hc11-rpoH11oi"i '-IYBCTBH­

TCJibHOCTH cne,n.yeT 0)1(11,D.aTb npo51BJICHl151 ec 3aBHCII­

MOCTJ1 OT cncK-rpa HCMTJ)OHOB, '-!TO, 8 CBOIO O'-!epe,D.b, 

npe.n.onpe,n.eJI51CT Heo6xO,D.HMOCTb Bblpa60TKH Mepbl 

conocTaBHMOCTH pa3JIH'-Ja!Oll.(HXC51 Heih-pOHHblX cneK­

TJ)OB no HX B03,D.CHCTBIIIO Ha 11CCJIC,D.yeMbJe 

y-.D.0311MCTJ)bt. B 1-1acTOHll!Ctt pa6oTc npc.n.naraeTc51 

HCnOJI.b30B3Tb B Ka'-leCTBe T3KOH Mepbl conoCT3B11MO­

CTl1 )J.03Y TIOJIH0ro nornOllJCHH51 OT HCHTJ)OHOB 

B MaTepmure KOHKpeTHOrO ,D.OJHMe-rpa y-11JJJy'-leH1151. 

IlorJ1olll.e1111aH 1103a OT neuTpOHOB 

Kai-: OCHOBononaralOUJ.HH 

<j>aKTOp HeihpoHHOro 803}lellCTBHH 

lfaBCCTHO HeCKOJlbKO MeTO)J.ll'-ICCKl1X no,n.XO)J.OB 

pewemrn npo6neMbl conOCTaBIIMOCTl1 HeHTJ)OHHblX 

cnCKTJ)OB no pe3yJibTaTaM B03,D.eHCTBll51 np111<Jia.zu-10ro 

11HTepeca. 

B KHttrc (81 np11 onpe,n.enemrn HCHTJ)OHHOH L1ys ­

CTB11TeJlhH0cT11 ,n.0311111eTpa LiF K Hci1-rpo1-1a111 11cn0Jlh-

30BaHa CJIC,D.}'lOlUaH CHCTeMa COOTHOWeH11i1: 

<f)y=Jy(Ey)Dy; <P,,=J,,(E,,)H,,; 

NH = f,, ( E,, ) I Jy ( Ey ) ' (l) 

B KOTopoii npHHJ!Tbl o603Ha'-lemrn: cDy - CBCTOBblXO.ll 

LiF, coorneTcrnyIOll!Htt .uo3e y-11Jny<1emrn Dy; cD,, -

CBCTOBblXO.!l LiF, COOTBCTCTBYIOllJl1H 3KBl1BaJICHTHOH 

,D.03e OT HeHTJ)OHOB H11; fy(Ey) - K03cj}cjrnu11eHT npo­

nopLU10HaJibl-lOCTH, 33B11C5lllJl1H OT Jtteprn11 y -113ny­

'-ICHl151 Ey; J,,(£11) - KOJcj}cj)11u11cHT nponopu110HaJJbHO­

CTH, 3aBHC5lll.(HH OT JHcpnm 11ei1-rp0Ha £ 11 ; N1-1 - 11c­

KOMaH HeHTJ)OHHa51 '-IYBCTBHTCJJbHOCTb .U0311MCTJ)8, 

□p11'-1CM KOJcj)cj)1-1u.11eHT fy(Ey) 06b1'-1HO np11B0,D.51T .UJJ51 

Ey = l M3B. 

)]:JJ51 npaKTH'-leCKOro 11cnoJib30B3Hll51 COOTHOWC­

Hl1H ( 1 ), O'-!eBl1.D.HO, Tpe6yeTC51 3H3HHC cj)yHI<U.1-10HaJJb­

HblX 111HO)K1-1Tenei1fy (Ey) 11.f,, (E11). 
B pa6oTaX [9, 10] onHCb!B3eTC51 MeTO.D.11'-!eCKII 

CXO)KHH no.nxo.n no onpe.uene1-11-110 «Fluence-to-Kenna 

Factor for the Human Body» c op1-1cHrnu1-1ei1 Ha B03-

70 

.nei1CTBl1C HettTpOHOB Ha 61-1006beKTbl [9] 11 «Kerma 

Equivalent Factor for Photons and Neutrons» TaK)f(e 

c npe11111yll!eCTBe1tHOH op11c1-na.u.11ei1 ao3,n.eikTB1rn 

H3JIYt.fCH11H Ha 611onorttt.JecK1-1c TKa1-111 f 10]. B 06011x 

CJIY'-laHX BblillCynOM>l HyrbIC BCJJl1'-111Hbl onpe.nemI10TC51. 

KaK KOJcj)cjrnu.HCHTbl nponopu110HaJibHOCTl1 fi.(£), 

fk(E, !1E) MC)f(.llY <~; 11ocHCOM HCHTJJOHOB c ::rneprnci1 E 
F(E) (11n11 F(E, t:,.£) B 11HTcpsane M BOKpyr £) 11 11c­

Ko111oi1 sen11Y1rnoli KCpMbl K(E), K(E, !:::.E) B coorno­

illCHl151X 811,D.a: 

K(E) = fk (E)F(E); K(E,t:,.E) = fk (E,fl.E)F(E,t:,.E). 

(2) 

Pac'-ICTHhlC sepCM.11 KOJcpcjJ11u11eHTOB fi(E) B pa-

6oTe [9] npc.ncTaBJJCHbl B Ta6mI'-IHOH cjJopMC Ha '.)HCp­

rcnt'-ICCKOM 1111TcpBanc OT 0,0050 .no 15,14 M:>B 

(acero 101 npoI11B0JJbH0 ,n6paHHOe 31-13'-ICHIIC £). a 

paC'-ICTHhie BCpCl-111 KOJcj)cj)HIJ.HeHTOB [k(E, !1E) B pa6o­

TC f 10 J npc.ncTaBJJCH bl B Ta0JJIILII-IOH cj)opMe Ha JHeprc­

Tl-1'-ICCKOM 1-1HTepsane OT 2.53· 10-s .no 19,5 M3B (acero 

l 12 npOH3BOJJbHO m6paHHblX 3Ha'-JCHHH £). 
O6e BblilleynoMJ1.HyrbIc sen11t.J11Hhl K(E), 

K(E, !:::.E) onpc11enJ110T non11y10 KCPMY (Kep111y OT sccx 

BH.D.OB B33HM0.D.CHCTBl1H paCCM3TJ)l1BaeMoro B11.Ua 113-

JJYt.fCHl-1"51 C 61-10MaTep1-1anoM). 

B pa6oTe l l I j c ucncsoii op11cHTau11ei1 1-1a pa­

.n11au1101-1Hoe 803.UCHCTBMC HCHTJ)OHOB Ha KpCMHl-1H. 

KaK MaTep11anoo6pa3ylOJ..UYIO OCHOBY lll11pOKOro cneKT­

pa 113.D.CJJJ.-IH 3JJeK-rpOHHOH TCXHl1Kl-1, TaK)f(e HCTIOJlb30-

BaHO IlOH51Tl1C KOJq>cj)HUHCHTa nponopu110HaJJbH0CTl1 

Me>K,l.\y q>JIIOCHCOM HeHTJ)OHOB F(£) 11 Jcj)cj)eKTOM 

JHepreTl-1'-leCKOro B03.D.eHCTBH51 B cpopMe TaK Ha3bl­

BaeMblX «Displacement Kenna» DK(E) (KepMa OT 

CMell.(e1-11151 aTOMOB KpCMHH51) 11 «Ionization Kerma» 

JK(E) (KepMa OT 110Hl133UH11 aTOM0B KpeMHHJJ.). Pac­

'-leTHble Bepc111-1 COOTBeTCTB}'lOll.(HX K03cj)cp11u.11eHTOB 

nponopU110HaJibHOCTH npc,nCTaBJJeHhl B Ta6JJl1'-IHOH 

cpopMC D.JJ51 103 np0113B0JlbHO BbI6paHHblX 31-13'-leHlili E 
Ha JHcpreTHLJCCKOM 111-1repsane OT l,0· 10-11 

.no 20 M3B. 

Bo BCCX pacCMOTJ)eHHbIX CJIY'-1351X B Ka'-!eCTBe 

o6o6ll.(CHHOH MCpbl 3HeprCTJ1'-JeCKOro B03,D.eHCTBl151 

Hei1-rpo1-1a 11CTIOJlb3YCTC51 Jil-160 noJIHa51 nornoll!eHHa51 

.D.03a (KepMa), n1160 ee HC3Ha'-IHTCJibHO cj)parMCHTHpO­

BaHHOe npc.ncrasnc1-111e (DK, JK). 
Hu B OD.HOH 1-13 l-13BCCTHblX asrnpaM pa6oT no 

npaKTH'-ICCKOH D.0311MCTJ)l111 He co.n.ep)f(11TC51 KOHKpeTl-1-

Jau.1111 npou.eccoa, onpc.ncMIOllJHX 3cj}cj}eKT cj)opM11po­

BaHH51 raMM3-3KBHBaJJCHTHOro OTKJlHKa npH B3311MO­

.uei1CTBl-1l-1 HeHTpOHa C MaTep11aJJOM y-.U0311Me-rpa. 

B03M0)1(H0CTb npaKTH'-JeCKOro 11CTI0Jlb30B3Hl151 

nporpaMMbI C-95 [ 12] .D.JJ51 onpe.nencHH51 BCJil-1'-IHHbI 

nonHOH IlOfJJOll!eHHOH .D.03hl OT HeHTJ)OHOB .D.JJJJ. WI1-

pOKOro Kpyra MaTep11anos npHKJJa,D.HOro HHTepeca 



B paMKax o6mei1 Ja.natJH pac•Iern nonett HCHTJ)OHOB 

11 y-KBaHTOB MeTO,UOM MoHTC-Kapno C ytJeTOM Bblllle­

CKaJaHHOfO B .D.BYX npC.llbl.llYLUHX a6Jauax 06ycJ10B­

Jll1BaeT e.nHHCTBeHHOCTb Bb!6opa 110JlHOH nornomeH­

HOH .ll03bl B KatJecrne Mepbl conocTaBHMOCTI1 cneK­

TJ)OB HCHTJ)OHOB no B03,llCHCTBHIO Ha y-JJ.03HMe'rpbl 

C peKOMett.nau11ei1 ee np11op11TCT!-10f0 11cnOJlbJOBaHJ1.SI 

B pa3pa60TKe npo6JICMbl HCHTpOHHOH lJ}'BCTBHTCJlb­

HOCHi KOHKpeTHbIX .D.031iMCTpOB .no 110.RBJlC!-IHJI 6onee 

.D.eTaJil130BaHHhlX Q)H311'leCKl1X MO.nenett. 

<l>yHKUHOH3JI HeiiTpOHHOH }lOJhl. 

Onpe}leJieuue. <I>opM1tpoeauue pa6o'IHX 
eepcuu e JnepreTH'ICCK0M (J>opMaTe KACKA,L( 

Cl>yttKUHOHaJI HettTJ)OHHOH .D.03bl (11J111 <pyttKUHO­

HaJI .D.03bl OT HeHTpOHOB) B o6meM cnyYaC onpe.n.enHM 

KaK Cl1CTeMy K03cpcfmu11eHTOB nponopU110HaJibHOCTI1 

(MHO)l(HTCJ!Ctt) f D(E) B cpopMaTe nOTOlJClJHOrO npe.n­

CTaBJICHH.R q>JlIOCHCa HCHTpOHOB F(E) a H36paHHOM 

3HepreTHlJCCKOM HHTCpaane 11/111111 /D(t::..E, E) B q>op­

MaTe 11nTepBanbttoro (rpynnoBoro) npe.n.crnBneHIDI 

cpn10ettca HettTpOHOB F(M, E) a 1n6paHHOM 3Hepre­

THlJCCKOM HHTepaane C HenpepblBHOH, 3HCpreTHlJeCKH 

KOHKpent311pOBaHHOH. rpynnOBOH JI.HCKpeTH3au11ei:i, 

Y.D.OBJICTBOpruomett CHCTCMY COOTHOWeHHH BH.D.a 

D,, 10 1 (£) = fD(E)F(E), (3) 

D11101 (M,E)= J0 (t::..E , E)F(t::..E,E). (4) 

B cnyqae KOHKpeTHoro JHepreTl1lJCCKOf0 q>OpMa­

Ta npe.n.crnBneHH.R cneKTJ)a qinioettca HeHTJ)OHOB c11c­

TeMa COOTHOllleHHH (3). (4) MO)KeT 6b!Th npeo6pa:30-

BaHa K a11.ny 

D,, 10,(Ei)=fD(Ei)F(Ej), (5) 

D11101 {t::..E1) = / 0 (t::..Ej )F(t::..£1), (6) 

r.n.e HH,lleKCOM j o603HaYaeTCH KOHKpeTl13HpoaaHHOe 

q>OpMaTOM 3HalJeHHe Ej .llJIJI (5) 11 t::..£1 JlJ]jl (6). ,[(anee 

no TeKcry BMCCTO nonttoro 060JHa'!"eH11.R D,, 101 6y.n.eT 

HCnOJih30BaTbCH COKpall.(eHHblH Bap11aHT D,,. 
B nnaHe no.nrOTOBKH npaKTH<JCCKOro npttMCHe­

Hl1.SI npe.llJlaraeMoro no.nxo.na ocBoeHbJ .naa aapttaHTa 

ero pean11Jau1111: 

- IlOJlHOCTbIO paclJCTHblli , BKJllOlJaJOll.(HM a ce6H 

paclJCT, no Heo6XO.D.HMOCTH, CYMMapttoro 3HalJ"eHHJI 

D,, 11n11 11J6paHHOH coBoKynHott Bh16opK11 311at.teH11i1 

D,, (t::..Ej) JlJ]jl pac'!"ernott Bepc1111 cneK-rpa q>nJOeHca 

HCHTpOHOB F(t::..E1); 
- paclJ"CTH0-3KCnep11MeHTIUlhHbIH, optteHrupoaaH­

HblH Ha HCilOJlb30BaH11e 3 KCnepHMCHTaJibHO o6ecne-
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lJCHHbIX cnCKTJ)anbHhIX p ellleHHH KACKA,l], a 176-HJlll 

200-rpynnOBOM 3uepreT11lJ.CCKOM cpopMaTC (CM., Ha­

np11Mcp, [6]) 11 3HepreTI1'-lCCKl1 COBMCll{CHHhlX C HHI\IH 

pact.teTHhIX acpc11i1 cpyttKUHOHaJIOB Jo(t::..E1)-
B paMKax HaCTOHLUCH pa60Tbl 6hlJll1 nonyY.CHbl 

pa6oq11c BepcmI q>yHKUHOHaJIOB !D(M j) B YKaJaHHblX 

JHeprcrn'l"CCKHX q>opMaTax KACKA,[( .nn.R BOCbM11 

tt36paHHhlX KOMnOJHTHblX MaTep11ano a : CTCKJJO ,[(TC 

(MaTcp11an y-.ll0311MCTpa ,[(TC-0.0 J / 1.0 ), cTanb 

12X I 8 H JOT, non113nrnen CH2 ( MaTcp11anb1, 1-1cnonb­

JOBaH11b1c npH 113fOfOBJieHHl1 Kopnyca 11 '.)JlCKTpO.D.­

HOH CHCTCMbl BaKyyMH0-3MHCCHOHHOro .llCTCKTOpa 

y - Innr1emrn 11 BXO.D.J!LUHC B COCTaB 1130JlJIU1111 Ka6en.R 

KTfBO 0.5, 11cnoJlh3yeMoro .lln.R JJHHHH ::meKTJ)HlJe­

CKOH CB.RJH [13]), nom1crupon CH (cTaHD,apTHbitt Ma­

Tep11an 3TaJJOHOB q>OTOHHOfO 113J1YYCHHJ!), q>TOpnnaCT-4 

CF2 (MaTcp11an 1130Jlj{U1111 nepcneKT11a11011 Ka6enbHOH 

J1HHl1lf CB.R311 B3,[(-2), CTCKJlO 11C-7 (MaTep11an y -.no-

311MCTpa MCTOJI.HKl1 l1KC), KpCMHJ1H 11 rcpMamrn (Ma­

Tep11anbI, HCl10Jlb3YCMble np11 H3fOTOBJlCHHJ1 nonynpo­

BOLl,H11KOBblX .llCTeKTOpOB y-113JlyY.eHHJI ) . 

.[laHHbJC Ta6n. 1-8 HBJI.RJOTC51 TO'l"HblMH aepCID!MH 

COOTBCTCTBYIOLUHX q>yttKUHOHaJIOB ,ll03bl OT HCHrpOHOB 

f o(t::..E,) . .ll0IlOJ1Hl1TCJlhHO BKJIIO'l"eHHblX B pa60'l"11H KOM­

nneKT q>yHKUHOHaJIOB HCHTpOHHbJX B3al1MO.llCHCTBIIB 

nporpaMMhl KACKA,[(, KOHKpenmrpoaaHHbIH B [6]. 

fpacf>mrn. npeJJ.CT8BJICHHblC Ha p11c. 1-8, opHCHTI1pO­

BaHbl Ha onepaTl1BHblH BH3YaJibHblH conocTaBl1TeJlb­

HblH aHaJil13 nOTCHUHaJibHO B03MO)KHOH HCHTpOHHOH 

'-l}'BCTBHTeJibHOCrn paCCMOTpCHHI,IX MaTep11anOB. 

Ko.n.11poBKa HOMepa 3HepreTH'-ICCKOrO HHTepBana 

(rpynnhI) KACKA,[( B Ta6n. 1-8, no aaanornH c [6], 

nocrpoeHa Ha COBMCU{CHHH 3Ha'l"CHl1H j B COOTBeTCT­

BYJOLUCM crnn6ue Ta6n. 1-8 (.neCHTKH) co 3Hat.ICHHeM 

j a COOTBCTCTBYJOU{CH CTJ)OKC rn6n. 1- 8 (C.llHHHUbI). 

Hanp11Mep, HOMep rpynIThI 55 q>opMHpyeTCH 113 j = 50 

no aepT11Kan11 11 j = 5 no rop11JOHTaJit1. CoorneTCT­

ay10ll.(ee rpynne 55 3Hat.IeHHC q>yHKUHOHaJia fo(t::..E;) 
HaXO.lll1TCH Ha nepecet.IeHHH CTJ)OKH np11 j = 50 11 

crnn6ua np11 j = 5. B '!"aCTHOM cnytJ.ae rn611. 8 3ttep­

reT11'!"ec1<011 rpynne KACKA,[( j = 55 cooTBCTcrnyeT 

3Ha'l"eH11efD(t::..E;) = 0,769. 

11cnonb30BaHHblC .D.Jl.R COCT8BJICHl1H Ta6JI. 1-8 HC­

XO.llHble .naHHbJC paC'!"CTa no nporpaMMC C-95 nOJI)"iC­

Hbl C 60J1bllll1M KOJIH'-ICCTBOM 3HaKOB nocne 3allJITOH 

(llJ!Tb 3HaKOB nocne JallJITOH B 3KCnoHeHl.{HaJibHOM 

<popMaTe HlJettKH Excel). CpaBHHTeJJbHbie pac'-!CTbI Ha 

BCCX ynOMJIHYTuJX .uanee no TCKCTY 3KCnep11MeHTaJib­

HblX CilCKTJ)aX HCHTJ)OHOB C 11CilOJlb30BaHl1CM TO'iHbIX 

peweHHH .D.Jl.R q>yttKU110HaJIOB .ll03bl OT HCHTpOHOB 

f o(t::..E,) 11 )J.aHHblX rn6n. 1-8 He BblJIBl1J111 paCXO)l(JlCIDIH 

B HTOfOBbIX pC3YJlbT8Tax 6onee, lJ"eM 0,02 %, KaKOBbl­

MH. 6e3ycnOBHO, MO)l(HO npeHe6pe%. 
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Ta61rnua 1 

¢yttKU110Han .ll.03h1 OT HeihpOHOB B CTeKJie 11,TCfo(t.E) B :mepreTH'iCCKOM q)OpMaTC KACKA.,[(, 
nfp·CM2/HCHTI)OH (10-12 fp·cri/HCHTI)OH) 

j 0 2 3 4 5 6 7 8 9 

3 Henrern 'ieCKHJ1 d>opMaT KACKA,l]. 176 
0 - 86,84 77,40 69,15 61,50 54,70 48,87 43,72 39,03 34,70 
10 30,91 27,50 24.50 21,89 19.47 17,34 15,50 13,86 12,39 11,03 
20 9,828 8,746 7,783 6,960 6,189 5.522 4.935 4,413 3,951 3,515 
30 3,138 2,800 2.496 2.235 1,995 1,775 1.590 1,426 1,278 l.l40 
40 1,020 0,911 0.814 0,731 0,656 0.587 0,527 0,474 0.425 0,382 

50 0,344 0,309 0,279 0,252 0,227 0,205 0.186 2,523 0,183 0,140 
60 0,368 0,119 0.106 0,102 0,682 0,548 0.411 0.375 0.763 0,249 
70 0,115 0,075 0,166 0.129 0.307 0,922 0.910 0,2.;2 0,118 0,085 
80 0,179 0,085 0,151 0,106 0, 103 0,109 0,146 0,117 0.182 0,207 
90 0,169 0,172 0,201 0,232 0,423 0,515 0.484 0,505 0,622 1.115 
100 1,057 0,671 0,724 0,878 1,081 1,859 2,187 1,477 1,678 1,497 
110 1,329 1,406 1,862 l .4b8 2.183 2,088 1,997 2,002 2,467 1.858 
120 2,476 2,392 2,322 2,575 3,279 2,766 3,569 5,258 5,087 5,351 
130 5,097 5,357 6.339 5.660 6,054 6,470 8,202 6,529 6.621 7.921 
140 8.278 8.229 9,094 10,24 11,92 12.32 14,79 18,21 17,60 20,22 
150 20,79 19,43 24,1 1 22.89 24.63 23,8 1 23.48 23.38 24,97 25.80 
160 27.92 27,52 30.10 33,04 32,13 33.49 35,34 35,38 35.68 35,89 
170 36.1 I 36,22 36.20 36,26 36.20 36.27 36.24 - - -

3 Hepren1 '!ec1mi1 d,op~rnr KACKA.Ll 200 (11Hrepean noeb1weHHOH ,1111ci-..>en13aui.m) 

160 27,92 27,52 30,10 33,04 32,13 33,49 35,18 35,44 35,56 35,51 
170 35.35 35,3 1 35,33 35.41 35,48 35.62 35,65 35,79 35,85 35,93 
180 36,00 35.90 35.84 35,82 35.96 36,07 36,07 36,17 36,25 36,23 
190 36,23 36,24 36,18 36.22 36.22 36, 19 36,20 36,26 36,20 36,27 
200 36.24 - - - - - - - - -
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Er MJB 

P11c. I. fpacp11'1eCKOe orn6palKeH11e cpyHKU.110HaJJa nom1oii nornoll(eHHOii l{03Ll OT HettrpOHOB B CTel<Jle )].TC 
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·1 a61111ua 2 

<t>yttKU110Han D.03bI OT tteihpoHOB Bera.nu 12Xl8Hl0T f 0 (t:,.Ei B :rneprcTw-1:ecKOM cj)opMaTe KACKA)l. 
nfp·cM2/I-1eihpoH oo-12 fp·cM /HeihpOH) 

j 

0 
lO 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 

160 
170 
180 
190 
200 

1,0E-09 

1,0E-10 

= 1,0E-11 
0 
0. 
,!;; 
" :,: 

~ 
0 t 1,0E-12 

1,0E-13 
-

0 2 3 4 5 6 7 8 

3ttepren!'-recKMif cpop:vtaT KACKA.a 176 

- 647,3 576,9 516,8 460.2 408.3 364,7 326.2 290.8 
231,0 205.2 182.5 lo3.5 145,6 129.2 115.4 103.0 92,09 
73,09 64,92 57,84 51,77 45.95 40,84 36,45 32,66 29,16 
23,10 20.52 18,25 16.32 i4.57 12,91 J l .55 10.31 9,210 
7,303 6,499 5,782 5,159 4,596 4,069 3.639 3.262 2.906 
2,293 2.042 1,805 l,608 1.426 l ,261 J ,124 l.004 0,895 
0.701 0,627 0.564 0,524 0.589 1,285 4,208 0.379 0,475 
0,190 6,993 0.143 1,205 0,302 0.171 0,229 0.303 0.412 
0,265 0,206 0,306 0,097 0.196 0,310 0.303 0.114 0.208 
0,261 0,203 0,159 0,151 0.174 0.161 0,183 0.1-4 I 0, 158 

0.177 0,171 0,164 0,231 0.279 0.414 0,5 79 0.636 0,687 
1,054 l .383 1.449 1,393 1.529 1,694 1,873 1.857 1,944 
2,166 2.235 2,216 2.330 2.569 2,858 3,243 3,967 4,578 
5,746 6,261 6,716 7,104 7.595 8.047 8,495 8.896 9.315 
10, 17 10,59 10,99 11,41 11 ,79 12.17 12,54 12.90 13,27 
14,06 14,43 14,78 15,20 15.53 15.96 16,35 16.76 17,12 
17,91 18.54 19,42 20,23 20,65 20,37 19.50 18.36 17.09 
14,98 14.52 14,5 l 14,54 14,5 1 14.52 14.53 - -

3He reT11lJ.eCKMii O MaT KACKA.D. 200 (HHTe Ba.Tl nOBh!WeHHOii .!lllC ennau1rn) 

17,91 18,54 19,42 20,23 20.65 20,37 19,82 19.39 19,10 
18,64 18,40 18.12 17,83 17.59 17.33 17,11 16.84 16.59 
16,08 15,88 15,72 15,45 15,28 15,17 14,96 14,79 14,60 
14,51 14,53 14,50 14,54 14.53 14,52 14,51 14.54 14,51 

14.533 
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Ej. MJB 

P11c. 2. fpacp11<1ecKoe orn6pa)Ke1me cpyHKUHOHa'Ja no;rnoli nornomeH11oli Jl03hI OT HeifTPOHOB s CTaJJM l 2X 18H l OT 
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Ta6nHu.a 3 

<l>yHKUHOHan ,n03bI OT Hdi-rpoHOB B nonH3THJTeHe CHd0 (~E1) B :meprcrnqecKOM <popMaTe KACKA)]., 
nfp·cM1/HeH-rpOH (10-12 fp·cM2/HeHTpOH) 

j 0 2 3 4 5 6 7 8 9 
3HepreT11YecKJ1i-t cpopMaT KACKA)l 176 

0 - 153,5 137,0 122.4 109,0 96,83 86.52 77.50 69,11 61,43 
10 54,82 48,72 43,32 38,77 34.45 30,62 27,41 24.48 21,83 19,45 
20 17,31 15,39 13.72 12,25 10.89 9,697 8,656 7,741 6,917 6,143 
30 5,472 4,876 4,331 3,868 3.444 3,062 2,734 2.449 2,183 1,941 
40 1,73 1 1,539 1,368 1,225 1.088 0,967 0,866 0.773 0,690 0,615 
50 0,548 0,488 0.435 0.389 0,347 0,310 0,278 0,251 0,227 0,204 
60 0,186 0,170 0,158 0,148 0,142 0,138 0,138 0.142 0,150 0,165 
70 0,184 0,212 0.250 0,297 0,359 0.440 0,537 0.660 0,814 1,01 l 
80 1,252 1,555 1.918 2,363 2,904 3,549 4,288 5.139 6,133 7,284 
90 8,584 9,687 10,65 11,77 13,03 14,27 15,49 I 6.8fi 18,44 20, 12 
100 21,87 23,53 25. 16 26,96 28,88 30,80 32,49 33.94 35,25 36.49 
110 37,61 38,77 39,86 40,92 42,00 43,00 45.02 44.88 45,78 46,70 
120 47,64 48,74 49,80 51,00 53,23 54,22 53,02 56,94 59,24 59,92 
130 59,91 60,06 59,45 59,46 59,96 61,51 63,04 64.98 66,42 67,66 
140 69,91 72.25 77,19 7 1.72 70.32 70,21 70.96 74.96 8 1,43 84.11 
150 84,06 85,32 79,90 78,01 79,03 82,42 85.92 87.80 87,37 87,26 
160 86,38 87,14 92.06 93,36 95. 12 97,74 97,69 99,32 101,3 102,9 
170 104,1 105,2 105,2 105,2 105,2 105,3 105,2 - - -

3HeprernYecKJ1il cf>opMaT KACKA)l 200 (1111Tepsan nosb1111eHHOH .lll1CKPeTH3a1..Um) 

160 86,38 87,14 92,06 93,36 95,12 97,74 97,58 97,71 97.86 98,30 
170 98,88 99,31 99,74 100,3 100,8 101,0 101.4 101.6 101,8 102,2 
180 103,0 103,3 103.l 102,9 103,l 103,8 104,2 104,4 104,9 105,2 
190 105,2 105,2 105,2 105,2 105.2 105.2 105,2 105,2 105,2 105,3 
200 105.2 - - - - - - - - -
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P11c. 3. fpacpwiecKoe oT06pa)KeH11e cpyHKUllOHaJta n0JlH0H nornolileHHOH .ll03bI or HeHTPOHOB s 11on11:>nine11e CH2 
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Ta6J1uua Lt 

$yttKlJ.l10HaJJ .ll03bl OT Heii-rpoHOB B nonttcrnpo1Ie CHfn(D.£1) B :rncpreT11YecKOM qiopMare KACKA}(. 
nrp·CM2/HCHTJ)OH ( l 0-12 rp·cr//11c11TpOH) 

j 0 2 3 4 I 5 6 7 8 9 
3Hepre111tJCCKu11 qiop111ar KACKA)], 176 

0 - 83,66 74,62 66.69 59,39 52,74 47.15 42.24 37.67 33,46 
LO 29,86 26,54 23,59 21.1 I 18.77 16,69 14,93 13.34. 11,89 10,60 
20 9,431 8,384 7,472 6,669 5,932 5,282 4,715 4.2 15 3,769 °1.348 
30 2,979 2,655 2,360 2,108 1,877 1.668 1,490 1.334 1,189 1,057 
40 0,944 0,838 0.7--1-6 0.667 0,593 0,527 0,472 0.42 1 0,376 0,335 
50 0,299 0,266 0,237 0.212 0.189 0.169 0.152 0.137 0,123 0.11 l 
60 O,LOl 0,093 0.086 0.081 0,077 0,076 0.076 0.D78 0,083 0.09 1 
70 0,102 0,1 18 0.139 0.[65 0,200 0,244 0.299 0.367 0,453 0,563 
80 0 ,697 0,865 1.069 1.318 1.621 1,983 2.398 2,878 3,441 4,094 
90 4,835 5,463 6.0~J 6.679 7,404 8.125 8.84 1 9.648 10,57 11,57 
100 12,60 13,58 I 4.5-l I 5,59 16,72 17,83 18,81 19.65 20,40 21,11 
110 21,77 22.43 '.D.0-t 23.67 24,29 24,87 26.6 1 26,05 26,56 27,14 
120 27,76 28,52 29.29 30.27 32,27 32,98 31.28 34.86 36,74 36,97 
130 36,45 36,12 34,96 34,63 34,79 36,05 37,36 39,13 40,39 41,37 
140 43,50 45,76 50.89 44,74 43,00 42,67 43.23 47,34 54,17 56,85 
150 56,65 57,88 5 1.86 49.70 50,66 54,32 57.94 59.80 59,21 58.95 
160 57,93 58.60 63,63 64.82 66,52 69,25 69.09 70,79 72,88 74.49 
170 75,79 76,96 76,95 76.97 77,00 76,98 76.99 - - -

3 Hepren1'-1ecK1-1it QJOpMaT KACKA)], 200 (HHTepsan nosbtWeHHOH ,mtcKpem3au.ID1) 
160 57,93 58,60 63,63 64,82 66,52 69,25 68,98 69.1 1 69,29 69,72 
170 70,33 70,82 71.25 71,80 72,37 72,52 73,04 73,07 73,36 73,80 
180 74,59 74 ,87 74.72 74,51 74,74 75,49 75.82 76.09 76,63 76,98 
190 77,00 77,01 76.99 77,01 76,98 76,95 76,95 76,97 77,00 76,98 
200 76 ,99 - - - - - - - - -
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Ta6nHua 5 

<l>)'HKUliOHa.n ,L\O3bl OT Hei1rpOHOB BO qnopnnacrc-4 CFifo(AE,) B 3HepreTli'ieCKOM !pOpMaTe KACKA)]., 
nfp·cM2/HCHTpOH ( 10-12 rp·cM2/aei1rpoa) 

j 0 2 3 4 5 6 7 8 9 

3 Heprent•teCJ<liH cpopMaT KACKA.lJ. 176 
0 - 4,106 3,670 3,276 2,916 2,597 2.317 2.072 1,852 1,645 
10 1,465 1,304 1,159 1,036 0,922 0.820 0 733 0,655 0,585 0,520 
20 0,463 0,412 0,367 0,328 0,291 0,259 0.231 0,207 0,185 0,164 
30 0,147 0,130 0,116 0,104 0,092 0,082 0.073 0,066 0,059 0,052 
40 0 ,046 0,041 0,036 0,033 0,029 0,026 0.023 0,021 0,019 0.017 
50 0,015 0,013 0,012 0,010 0,009 0,008 0.008 0,007 0,006 0,005 
60 0,005 0,005 0,004 0,004 0,004 0,004 0.00-4 0,004 0,004 0,004 
70 0,004 0,005 0,005 0,006 0,007 0.00') 0.011 0,013 0,016 0,020 
80 0,026 0,033 0,042 0,055 0.118 J .83b 0.113 0,410 0,204 0,201 
90 0,642 0,687 0,662 0,718 0,773 1.068 l.812 2,445 2,167 2,756 
100 2,403 2,092 2,066 2,045 2,493 2.390 2,432 2.802 3,17 1 2,804 
110 2,824 3,387 3,7 15 3,720 3,929 4.613 4.972 4,657 5,056 4,977 
120 5,362 5,718 5,787 5,914 6,271 6,278 5,907 6,694 7,37 1 7,368 
130 7,220 7,202 7,870 8,178 8.370 9,010 9.726 10,97 12,39 13,47 
140 14,50 15,37 16,76 15,62 15,41 15.85 16.54 17,48 19,69 20.02 
150 19,69 20,06 18,83 18.33 18,84 19.67 20.51 21,05 20,94 20,95 
160 20,89 2 1,38 22,94 23,50 24,16 25.00 2..i,97 25,50 26,10 26,82 
170 27,54 28,09 28,10 28,l l 28,10 28.09 28.09 - - -

3Heorern'-ieCKHH <booMaT KACKA.U 200 (11HTeoea.i1 noebrweHHOH .!lHCKpeTH3aJ.Vm) 

160 20,89 21,38 22,94 23,50 24,16 25.00 24.95 24,95 25,04 25,18 
170 25,36 25.49 25,64 25.80 25.96 26.01 26, 12 26,16 26,26 26,46 
180 26,79 26,94 26,96 26,95 27, 10 27.38 ?.7 .57 27,74 27,95 28,09 
190 28,09 28,09 28,10 28,08 28,09 28,09 28,11 28,11 28,10 28,09 
200 28,09 - - - - - - - - -
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Ta6m1ua 6 

cDyBKUHOHan .D.03bl OT HCtt:TJ)OHOB B cTeKJic HC-7 f 0 (!iEi) n :mcprcm'feCKOM cpopMaTe KACKAJJ.. 
nfp·c~i/HeihpoH (10-12 fp·cM2/HettrpOH) 

j 0 2 3 4 5 6 7 8 9 

3Hepreni,1ecK11i1 cpopMaT KACKA.ll 176 
0 - 28,51 25.59 22,99 20.55 18,37 16,50 14,84 13.31 11,90 
10 10.66 9,530 8,523 7,654 6.84-l 6.130 5,509 4,951 4,442 3,970 
20 3,559 3.183 2,8-16 2.556 2.287 2,047 1,837 1,645 1.455 1,282 
30 1,139 1,011 0.898 0,800 0.710 0.629 0,560 0,499 0,444 0.397 
40 0,357 0,319 0.284 0,254 0.226 0,20 1 0,180 0,160 0.142 0.127 
50 0.114 0,110 0,107 0,105 0.102 0,100 0,097 0.095 0,093 0,091 
60 0.089 0,087 0,086 0.084 o.mo 0.082 0,081 0,080 0,079 0,078 
70 0,077 0,076 0.076 0,077 0.077 0,078 0,080 0,082 0. 135 0,086 
80 0,087 0,089 0,094 0,101 0.111 0,117 0,157 0, 14-4 0, 159 0,195 
90 0,27 1 0,237 0.256 0,309 0 339 0,389 0,442 0.536 0.651 1,256 
100 1,233 0.641 0.701 0.803 0.979 1.951 2,313 1,604 1,732 1.612 
110 1,390 1.510 1,932 1,772 2.332 2,054 2,200 2,259 2.258 1,715 
120 2,274 2,845 3,138 3.112 3.308 3,220 3,6 13 4,979 5.003 5,716 
130 4.905 5,097 6,054 5,841 6,123 7.357 9,139 7,107 7.255 8,212 
140 8,754 8,712 9,325 10,64 12.07 12,46 14,92 18,45 17.21 19,80 
150 19,97 18,64 24.58 22,82 24,89 23.80 23.46 23,14 24,70 25.55 
160 27,88 27,05 29.92 33,12 31.67 33.46 35,46 35,57 36.39 37,16 
170 37,82 38,31 38,29 38.29 38.29 38,28 38,30 - - -

3Hepre-rw1ecKHii. <POPM8T KACKA)], 200 ( IUffepsan nOBblWeHHOtt JlllCKDeTJl38Ulill) 

160 27,88 27.05 29,92 33. 12 3 1.67 33,46 35.34 35,5 1 35,60 35.49 
170 35.40 35.50 35.66 35,84 16.03 36,21 36,35 36,60 36.73 37,00 
180 37,11 37.19 37.19 37,28 37,51 37,63 37.75 37.99 38,23 38,28 
190 38,29 38.30 38,30 38,29 38,31 38.29 38,29 38,29 38,29 38,28 
200 38,30 - - - - - - - - -
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PHC. 6. fpa<jl11•1eCKOe oro6pa)f(eH11e <jlyHKUltOHaJta llOJIHOtt norJJOllJ.eHJIOtt Jl03bl OT HeiiTf)OHOB 8 CTeKJle MC-7 
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Ta6n11ua 7 

<l>yi-1Ku110Han .D.03bl OT 11e11-rpoHOB B KpCMH1111 f 0 (i1.£1) B 31-1eprerw-1ccKOM cj)opMaTe KACKA)l, 
nf p·cl'i/HCMT{)OH ( 10-11 f p·cJI//Hcihpott) 

0 2 3 4 5 6 7 8 9 

3tteprernYecK11i1 cpopMaT KACKAJ], 176 

- 72,19 64.47 57.60 51.19 45.54 40.68 36,36 32.47 28,84 

25,67 22.85 20.36 18, 18 16,17 14,40 12,87 11.51 10.28 9,143 
8,1473 7,236 6,428 5,751 5,110 4,558 4,060 3,617 3,237 2,885 
2,571 2.295 2.050 1.826 1,624 1.4-M 1.286 l,152 1.031 0,915 
0,816 0,725 0.643 0,575 0.514 0.457 0.406 0,363 0.324 0,289 

0,258 0,230 0.205 0,183 0,162 0.144 0, 129 0,115 0.103 0,091 

0,081 0,073 0.064 0,058 0,051 0.046 0.041 0,036 0.033 0.029 
0,026 0,027 0,032 0,038 0.050 0.063 0.054 0,210 0,079 0,082 
0,065 0.057 0,181 0,060 0,052 0.077 0,137 0,073 0.200 0,274 

0,083 0.040 0,038 0,058 0,540 0.648 0,413 0,354 0.335 0.341 
0,358 0.578 0,370 0,401 0.693 0.699 0.515 0,461 0.649 0,655 
0,764 0.858 1,348 0,686 1.817 2.347 2.06 1 1,975 3,663 3.304 
3,929 3.007 2,585 2,987 4,079 3.026 4.140 4.871 3.970 3,398 
4,792 4.69 1 5,906 5,386 7,100 6.141 7,218 7,488 7,656 9.320 
9,036 8.965 9,960 10.38 12,04 12.28 13.57 15,19 16.52 18.04 
19,70 19.28 19,06 20,20 20,54 21.26 21,65 22,42 23.53 24,13 
24,94 25.96 27,26 28.51 29.89 30.88 32.58 32,06 31.64 30,58 
29,95 29,17 29,18 29,17 29,17 29.17 29,17 - - -

3tteprernYecK11ii cbooMaT KACKA)]. 200 (HHTer>BaJl noablllJeHHOH ,ID1CKpen13au1111) 

24,94 25.96 27,26 28,51 29,89 30,88 31,62 32,15 32.58 32,61 
32,51 32.35 32.18 32.06 32,14 31,98 31.84 31,75 3 1,65 3 1,50 
31.26 31,03 30,81 30,58 30,43 30,31 30,02 29,68 29,35 29, 18 
29,16 29.16 29.18 29,17 29,17 29,18 29.17 29,17 29,17 29,17 
29,17 - - - - - - - - -
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Ta 6Jrn ua 8 

<l>yHKUHOHaJl ,n03bl OT HeihpOHOB B repMa111111fo(L\Ej) B 3HCpfCTJ1L(CCKOM qJOpMaTC KACKA)J.. 
nfp·cM2/tteihpoH ( 10-12 fp·cM2/He11TpoH) 
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0 2 3 4 5 6 7 8 
3HeprernYeCKHH tpopr-,taT KACKA)], 176 

- 380,6 339,6 304,3 271.l 240,3 214,7 191,7 171.3 
136,1 120,8 107,4 96,20 85 .77 75.99 67.85 60.63 54,19 
43,06 38.20 33,95 30,42 27,02 24,04 21,46 19,24 17.13 
13,60 12,07 10,72 9,612 8.563 7.590 6,788 6.084 5,442 
4,281 3,819 3.38 l 3,012 2.676 2,367 2,110 1,885 1,679 
1,311 1,169 1,035 0,927 0.839 0,769 0,738 0,757 0,877 
15,87 106,4 0,741 0,842 45,36 1,659 33,11 12,31 8,127 
2,355 7,943 4,434 2.196 1,932 4,734 0,439 1,872 1,056 
1,295 1,157 1,060 0,967 0,862 0,762 0,678 0,585 0.515 
0.411 0,378 0,362 0,342 0.323 0,307 0.300 0.292 0,289 
0,299 0.310 0,353 0.450 0,559 0,705 0,804 0.923 l ,053 
1,315 1,458 1,605 l.744 l,942 2.089 2.225 2,37 1 2.55 1 
2,963 3,169 3,455 3,738 3,984 4.194 4,574 5,049 5,602 
6,576 6,976 7.338 7,684 7,966 8,235 8.484 8.704 8,932 
9,383 9,614 9.859 10,10 10.34 10,58 10,84 11,1 J 11,38 
11,91 12,18 12.46 12,74 13.01 13,28 13.54 13.80 14,08 
14,60 14,77 14,86 14,32 13,19 11,89 10,49 9.374 8,553 
7,699 7,551 7,556 7.554 7,555 7.549 7,553 - -

3 tte reTH4CCKHH o MaT KACKA)], 200 (IIHTe Ban nosb1wettHOH .n11cK ennaw111) 

14,60 14,77 14,86 14.32 13.19 11,89 10,90 10.34 9,935 
9,541 9.377 9,210 9,042 8,886 8,718 8,557 8.388 8,230 
8.058 8,000 7,941 7,877 7 .8 l 9 7,761 7,698 7,638 7,579 
5,551 7,548 7,554 7,555 7,552 7.555 7,556 7.554 7,555 
7,553 

: ., 
f II ! 'f ! . ,. : I ' 

9 

152.3 
48,17 
15,22 
4,815 
1.481 
1,448 
1,290 
0,897 
0,463 
0.293 
1,205 
2,771 
6,124 
9,155 
11 ,65 
14,34 
7,999 

-

9.713 
8.124 
7,550 
7,549 
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IlornomenIU,IC ,UOJLI OT neiiTpOHOB 

B H36panHLIX MaTepHaJiax 

,UJIH )KCnepHMCHTaJibllOU Bbl60pKH cneKTpOB 

pea1cropa 6P-Kl 

Anpo6au1rn npe,ll,JIO)KCHHoro no.n.xo.n.a K onpe.n.e­

nemuo MCpbl conoCTaBHMOCTII cneKTpOB HCHTpOHOB 

no 803.ll.CHCTBHIO Ha y-JJ.03HMeTpbl (MaTCpHanbI, HX 

KOMn-neKT)'lOll(HC) 6bma ocymecrnneHa 1-1a 4 JKC□e­
p11MeHTanbHo-pac'!eTHb1x CilCICTpaX HCHTpOHOB B cne­

UHaJll13HpOBaHHbIX yc-rpoikrnax (TpaHCQ)OpMcpax) 

peaKTopa EP-Kl. 

Ko1-1qrnrypau110HHb1e napaMeTpbI o6nacrn ¢op­

M11poaamrn noncw 11-y-u3nyttc1-11111 a Kr3-fl (nycrni1 

Kr3), Kf3-C(l) (Kr3 co wrnrnb1M cs111-1uosbIM 

Q)HnbTpOM), Kr3-I-IfK (Kr3 co WTaTHblM KOHBCpTO­

pOM HeHTpOHOB B y-KBallTbl) on11caHbl B [7] . KoHcfJ11-

rypau110HllblC napaMCTpbl o6nacrn cµopM11pOBaH 11>1 

nonew n-y-113nr1eH1111 s Kf3-CfIT (Kf3 co cneI111a­

n11311posaHHbJM nonHJTl1JICIIOBbIM TpaHCq>OpMepo111 -

HCTO'{HHKOM TC□JIORblX HCHTpOHOB )lnH Kan116pOBKlf 

)lCTCKTOpOB «Hyncsoft» TOilll(HHbl) OnHCaHhl a [ 13 ]. 
CneKTpanbHblC xapaKTCp11CTHKH cf>nJOCHCa HCH­

TpOHOB B Bb1Illenepett11cnCHHblX KOHcf>11rypaUHHX Kr3 

npHBe)leHbl s [6]. 

Co6crneHHo Kf3 BKnJOttaeT B cc6H Macc11BHbltt 

CTaJlbHOtt cpnaHCU ,ll,Jljj )f(CCTKOH cf>11Kcau1111 Ha Kpc­

ne)f(HOM y3nc MexaHH3Ma ncpeMeme1-111H 11 q>opr-1006-

pa3y10m11ii KO)KyX C cjJyHKUHeii 3KpaHa-nornon!TCilll 

TennOBbIX HeiiTpOHOB 3a C'ICT BKn!Ql{CHHJI B ero KOH­

CTpyKUHJO npocnottKI1 113 HaCblTIHOfO Kap611)la 6opa 

TOnll(HHOH ~ 0, 1 r/cM
1 

no '
0
B. PaJMepr,1 orpaH11tteu­

Horo BHYTpeHHHMH noaepXHOCTJIMJ1 cpnaHJ.,ta 11 KO)f(y­

xa npoc-rpaHcrna ~ 310 MM no .ll.11aMe-rpy, ~ 360 MM 

no .ll.IlHHe. B 0Tcyrcrn11e 3arpy3Kl1 -rpaHccpopMHpy10-

m11M11 yc-rpoikrnaM11 .n.a1-1HaH Ko1-1cp11rypau11H Kf3 
o603HalJaCTCH KaK Kf3-fl. 

illTaTHblH CBHHUOBbIH q>HnhTp .n.nH Kf3 (c yro4-

HCH11eM pa3MepoB, BbITIOnHeHHbJM B CBH311 C B03Hl1K­

lllHMl1 npOTHBOpettHHMH npu npOBC)].CHHH cneu11an11-

311pOBaHHblX pacttCTOB B 2009 ro.n.y) npe.n.CTaBllileT 

co6011 KpyrnblH «CTaKaH», BnHCaHHhIH B .ru1aMCTp 

~ 310 MM, C TOfill.(HHOH CTCHKl111 )].Ha~ 40 MM. illTaT­

HblH n-y-KoHBepTOp .ll.llil Kf3 npc)lCTaBllileT co6oi1 

lllCCTHrpaHHblH «CTaKaH» (113 npecc-MaTep11ana, OT­

q>OpMOBaHHOfO 113 CMCCH nonHnpon11neHa C 10 % 
OKl1CH Ka)].MH.H no Macce ), Bn11caHHblH B )].HaMe-rp 

~ 310 MM, C TOnll(HHOH CTCHKH 11 JI.Ha ~ 60 MM. CooT­

BCTCTByJOll(He KOHq>11rypau110HHhlC o603HalJeHHH -

Kr3-C(l) u Kf3-HfK. 

Cneu11an11311poeaHHh1fi non11Jrnne1-1oah111 -rpattc­

cpopMep, 06ecne•maa1oll.(l1H q>yHKU110H11pOBaliHC HC­

T04Hl1Ka TennOBblX HeHTpOHOB .ll.llil KaJI116poBKH HCH-
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TpOHHbIX aKT11Bau110HHblX J).CTCKTOpOB «nynesoii» 

TOilll(HHbl, npc.n.cTaBJUICT co6oif nonHJTHneHOBbJH 

UHmrn.n.p, Bn11caHHhIH B )ll1aMCTp ~ 310 MM, C Bttyr­

peHHCH nonocTbJO 11,11aMCTpoM 170 MM. T onuurna ne­

pc.n.Hdi TOpueeo11 cTeHK11 (06pamcu1-1011 K ueH-rpy 

A3) - 55 MM, 38)],HeH (cbeMHOH) - 25 MM. K0Hq>Hry­

pau110HHOC o6o3Ha'!eH11e - Kf3-CfIT. 

B rn6n. 9 npe11,craaneHhl nom1b1e 11 napm1aJihHh1e 

no3bl B KOMn03HTax y-.U0311MCTpOB l1JHI cneKTpOB HCH­

TpOHOB e Kn-rr, Kr3-C(l), Kr3-HrK 11 Kr3-CITT. 

K napu11anbHOH KOMno11eHTC CllCKTpa <<rennOBblC 

HCHTpOHb[» OTHCCCHhl HCH I roHbl B :rneprcrn'!eCKOM 

HHTCpBane OT 1,0· 10-10 MJB ( 01 Hl1)KHeii rpaH11ur,1 

JHeprem'lecKoro cpopMani KACKA)],) 11,0 0,5· 10-{) 

M JB (.n.o 06menp111-1Hn1i,i i-paHI1u1,1 «Ka,[1MHCBOJ1 OT­

ceLtK11» 0 ,5 JB). K napu11:u11,1101i KOM□OHCHTe cneKTpa 

«OblCTpblC HettTpOH1'1» 0 fllCCCII bl HCi°iTpOHbl B 3HCp­

rCTl14CCKOM l1HTCpBa Ic 01 (1.1 .10 18,0 M 3B (11,0 

sepxHeH rpaHHUbl ,11crr CI ll'ICCK()fO cpopMaTa 

KACKA)],). Hci1-rpOHbl R ,I11.:p, cI IILJCCKOM 111nepaanc 

OT 0 ,5 JB .no 0.1 Mill 11I11ccct1t.I K KOMnOHCHTe 

«npOMC)KYTO'iHhlC HCH rr1>Hb1» 

)],aHHble rn6n. 9 nOKli:3hlB..llOT: 

- cnCKTphI Kr3-fl 11 Kr3-C<P MO)f(HO xapaKTep11-

3oaaTb KaK npe11Myll.lCCTBCHHO 6bJCTpbJe; cneK-rp 

Kr3-HfK - C HBHO Bb1pa)KCHHOH KOMnOHeHTOH: npo­

MC)f(YTOLfliblX HCHTpOHOB; cnCKTp Kf3-CfIT - KaK 

npeHMYll(CCTBCHHO Tennoeoi1; 

- .n.03oeoe B03.n.ei1crn11c Ha cTcKno )],TC 11 H C-7 

.Ullil cneKTpOB Kf3-fl, Kf3-C(l), Kf3-HfK MO)f(HO 

C'tHTaTh npaKTl1'iCCKl1 coena.na10UU1M; )].030BOe 803-

.n.ett:CTBHC Tennoahcx. HCHTpOHOB Ha cTeKno )],TC 60-

nee 'ICM B)].BOe npCBhJll!aeT T3KOBOC Ha CTCKnO MC-7; 

- 11,03oaoe ao3.n.ei1cra11c 1-1a CTCKnO ,[lTC .ll.llil 

cneKTpOB Kr3-fl, Kf3-C(l) a ~ 5 pa3 npeBhlll!aeT .n.o-

3oeoe ao3.u.ei1crn11e Ha MaTep11an .neTeKTopa B3)].-2, a 

11,nsi cneKrpa Kr3-HrK - s ~ 2 pa3a; B none Tenno­

BhIX HCHTpOHOB 11MeeT MCCTO o6paTHhlH 3Q)¢CKT -

.u.03oaoe so3.n.ei1crn11c na CTCKno )],TC OKaJr,rnaeTcH 

6once 'iCM a 2,5 pa3a MCllhlllC, 'ICM Ha B3)],-2 ; 

- HMeeT MeCTO BhlCOKHH ypoBCHb )],03080f0 B03-

.UCHCTBl1H Ha 1130Il.l!UHOHHblC MaTep11arrr,1 fll1Hl111 CBH311 

B3)],-2 (npCBhlWCHHC )].03080f0 803)].CHCTBHH Ha 

cTeKno )].TC s ~ 20 pa3 .ll.llil cneKTpOB Kf3-fl, Kr3-

C<t> 11 B ~ 15 pa3 .ll.JUI cneKTpa Kr3-HrK); B03MO)KHO 

OOHBneHHe CTOpOHHHX TOKOB B Hl1Hl1l1 CBH311, oco-

6eHHO 3HalJJ1MOe B IlOlli!X C npe11MymecTBeHHO HCH­

TpOHHOH KOMilOHeHTOtt: ; 

- np11 3aMeHe Ka6enei1 n111-11111 CBH3H B3,[l-2 Ha 

q>TOpco.n.cp)Kall(HC MO)KHO 0)1(11)],aTb 3HaLJJ1TCilbHOfO 

CHJ1)KCHJ1.ll ypoBHH )].030B0f0 B03.ll.eHCTBHH Ha H30nsi­

UHOHHblC MaTep11anr,1 (6once 'ICM B IO pa3); 



- ,no3oaoe BO3,nciicTa11e Ha KpeMHHH npaKT11•1e­

CKH paBHOMepHO MCHbWe ,llO3OBOro B03,nei1CTBl1H Ha 

cTeKJio )].TC B ~ 1,35 pa.3a; 

- .llO3OBOe B03,neiicrn11e Ha repMaHJ-tH Cl1CTCMIIO 

BO3-pacTaCT OTHOCHTeJibHO .llO3OBOro B03,llCttCTBJ1Jj Ha 

CTeKJIO )].TC C yMeHblllCHHeM «)f(eCTKOCTM» CHCKTpa 

OT ~ l .no ~ 4 pa.3. 

Ta61111ua 9 

IlOJIHbie 11 napUHMbHble ,llO3bl KOMnO311U11OHHblX MaTep11anoB y -,neTeKTOpOB ,1\JlH cneKTPOB HeHTPOHOB 

B Kf3-I1, Kf3-CC!l, Kf3-HfK 11 Kf3-CTIT 

TTapaMeTp Kf3-TT Kr3-Cct> Kf3-HfK Kr3-CTIT 
<l>moeHC He«TpOHOB: 
- noJJHhJH Ha 1018 ,aeneH1111 a A3, tteiiTplcM2 4.545 + 14 3,201 + 14 1,257 + 14 2,641 + 14 
- TeruJOBblX, 0TH. e,a. 0,00000 0,00000 0,00208 0,74081 
- npoMelKyr04HbJX, 0TH. e.u. 0,14007 0,2-WOS 0,52628 0,13832 
- 6htCTPbIX, 0TH. e,u. 0,85993 0.75992 0,47164 0,12087 

CTe1010 J(TC (y-,uoJHMeTp )].TC-0,0 I/ 1.0) 
)].03a nOJJHaSI Ha l HeHTpOHlcM\ rp 1,145 - 12 9.700- 13 8,996- 13 3,991 -12 
)].03a OT TeruJOBblX, 0TH e.u. 0,00000 0.00000 0.00335 0,93195 
)].oJa OT npoMelKyr04l:fblX, 0TH. e,u. 0.02122 0.0.1870 0,21043 0,01423 
)].03a OT 6bTCTpbIX, OTH.e,U. 0,97878 0.96130 0,78622 0,05382 

C Ta.lib 12Xl8HIOT ( [y-,ueTeKTOP B3JJ, , .. _) 

)l03a flOJIHM Ha 1 Heii-rpoHlcM1. rp 7,141- 13 5.626- 13 1,287 - 12 2,793 - 11 
)loJa OT TenJJOBblX, 0TH. e.u. 0,00000 0,00000 0,01692 0,98563 
)].03a OT npoMelKYf04HblX, 0TH. e,u. 0,04802 0.09298 0,61107 0,00911 
)].03a OT 6bJCTpblX, 0TH. e,a. 0,95198 0,90702 0,37201 0,00526 

TTonHJTWieH CH2 (HJOllilUHJI JlHHHH CBJ1J11 83}].-2) 
)l03a flOJIHaSI Ha I Hei-tTpOHlcM2

, rp 2,311-11 2.095 - 11 1,383-11 1,042 -11 
)].03a OT TenJJOBblX, 0TH. e.u. 0,00000 0.00000 0,00037 0,62664 
)loJa OT npoMelKyr04HblX, 0TH. e,a. 0,03449 0,06080 0,06215 0,02272 
)loJa OT 6blCT])blX, 0TH. e,u. 0,96551 0,93917 0,93748 0,35054 

f10JJ11CTHPOJJ CH (CTaH.!l8pTHblH MaTePHaJJ 3TaJIOHOB <boTOHHOro H3JJY'JeHID1) 

)].oJa noJrnaS1 Ha l HeHTpoHlcM2. rp 1,343 - 11 1.214-11 8,054-12 5,826 - 12 
)].03a OT TeruJOBblX, 0TH. e.u. 0,00000 0,00000 0,00035 0,61035 
,lloJa OT npoMelKyr04HblX, 0TH. e.u. 0,03332 0.05890 0,05955 0,02262 
)lo3a OT 6bJCTpblX. 0TH. e.u. 0,96668 0,94110 0,94010 0,36703 

<l>TOpnnacT-4 CF2 (H30llilUHJI neocneKT11BH011 JlHHHH CBJ!JH 83,ll-2) 
,llOJa nonHaJl Ha l HeH-rpoHlcM2

, rp 2,360- 12 2,048 - 12 1,438-12 5,862 - 13 
J],03a OT TeruJOBblX, 0TH. e.u. 0,00000 0,00000 0,00010 0,29799 
J],OJa OT npoMe)KYf04HblX, 0TH. e,a. 0,02386 0,04643 0,03862 0,02494 
,lloJa OT 6blCTPblX, 0TH. e,u. 0,97617 0,95357 0,96128 0,67707 

CTeKJio 11C-7 (r-.ueTeKToo MeTOJIHKH v!KC) 
)lOJa TTOJJHaJ! Ha I HeHTpOHICM2

, rp 1,183 - 12 1,004 - 12 7,996- 13 1,605 - 12 
)lo3a OT TenJlOBblX, 0TH. e,u. 0,00000 0,00000 0,00132 0,84895 
)lOJa OT npoMelKyr04HblX, 0TH. e,u. 0,02105 0,03926 0,08559 0,01254 
J],o3a OT 6b!CTPblX, 0TH. e.u. 0.97895 0,96074 0,91309 0,13851 

.peMHJ1H nonvn D0B0,UHHKOBbll1 -,UeTeKTOI) 
)loJa non1-1aJ1 Ha 1 Hei1-rpoHlcM\ rp 8,469 -13 6,703 - 13 6,505 - 13 3,268 - 12 
)loJa OT TeruJOBblX, 0TH. e.u. 0,00000 0,00000 0.00374 0,93768 
)lOJa OT npoMelKyr04Hb!X, 0TH. e,u. 0,02354 0,03839 0,13827 0,00904 
)lo3a OT 6bJCTpblX, 0TH. e.u. 0.97646 0,96161 0,85799 0,05328 

r epMaHHH (nonynpoBO,UHHKOBblH -.ueTeKTOD 
J],oJa nonHaJl Ha 1 Hdi-rpoHlc~l. rp 9,949 - 13 8,460 - 13 3,496 - 12 1,715-11 
)loJa OT TeTTJJOBbIX, 0TH. e,a. 0,00000 0,00000 0.00368 0,94428 
)lOJa OT npoMelKyr04HblX. 0TH. e.u. 0,1 1216 0.18638 0,82540 0,04544 
}].OJa OT 6bJCTPblX, 0TH. e.u. 0,88784 0,81362 0,17092 0,01028 
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3aKJIIO'leIIHC 

Bhl0Op B KaYCCTBe KpHTCp1rn conocTaBl1MOCTI1 
cnCKTJ)OB 11cihpoHOB no ao3,nei1crn1110 Ha y-)l0311-
MCTpb1 IlOJlHOH nornO!llCHHOH )l03hl OT HCHTJ)OHOB B 
MaTCpHane ,!l0311Me-rpa TI03BOJ1JIC1 ncpCBCCTli 3a,nayy 
onpe.ncneHl1JI HCttTJ)OHHOii YYBCTBHTCJlbHOCTl1 y-.U0311-
MCTJ)Oil B MCTJ)l1KY C C,!ll1HOH paJMCpHOCTblO «fpeifo. 

HcKoMaJI sen1-1<11rna HCtt-rpOHHOro raMMa-
3KB1-rnaneHTa (Hf3) KOHKpernoro y-,no311Merpa np11 
11cnOJ1h30BaHl111 Bbt6pa1rnoii MCpbl conocTaBHMOCTI1 
OKa3bl8aeTC.8 6e3pa3.MCpHOH 11 MO)KCT BblpU)K8TbC.8 
B OTHOCHTCJlbHhIX ,!lOJUIX 111111 B npoueHTax. 

11MeJOJlll1eC.8 paC4CTHblC B03MO)KHOCTl1 (npo­
rpaMMa C-95, MaClllTa6HbJe 6116mt0TeK11 KOHCTaHT) 
□03BOJ1JIIOT, B npmn.1,1-me, onpe,nenJITb nonHyw no­
rno!lleHHy10 Jl03Y OT HCHTJ)OHOB 8 npaKTl14eCKH HC­
orpaHl1YCHHOH BbI60pKe MaTepmrnos, HCflOJib3YeMbIX 
np11 113rornsnett1111 y-.uoJ11Me-rpos (,neTeKropoa), 
B OTCYTCTBl1e 3KCnep11MCHTaJlbHblX ,naHHblX. A,!lannt­
posaHHbie K 3Heprern<1ecK0My cpopMary KACKA)J, 
cpyHKU110HaJlbl ,!l03bl OT HCHTJ)OHOB ,!lJIJI CeMH H36paH­
H.bIX MaTep11anos, HC□OJlbJYCMblX npH 113f0TOBJICHHH 
y-,!l03HMCTJ)OB npHOplITCTHOro npaKTH'ICCKOro np11-
MCHeHl1JI Ha H.llCpHo-cp1-1311•1ecK1-1x ycraHOBKax (l)fYTI 
«P¢5II.J,-BHl1113(1)», noJBOJlHIOT 11cnoJibJOBaTb TaK­
)Ke 11 COOTBCTCTBylQ!ll11e '.)KCnep11MeHTaJlbHb1e .n,aH­
HbJe )lJlJI cneK-rpOB HCHTJ)OHOB. 

PacY:CTHblC ,!laHHblC ,!lJlH 1n6paHHblX cneK-rpOB 
Hei1rpo1-1oa peaKTOpa 6P-Kl MO)l(HO paccMaTJ)11BaTb 
KaK nporHOJHblH opHeHTHp np11 ucneHanpaBJICHHOM 
HCilOJibJOBaHHH YKa3aHHblX IlOJlCH B HHTCpccax pa3-
pClliCHl1JI npo6ne.MarnKJ1 Hf3. 
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MOJ.(EPHH3MPOBAHHAJI ABTOMATH3HPOBAHHAJI CMCTEMA KOHTPOJUI, 
YIIPABJIEHWI H 3AUJ;IfTbl IDIP PACTBOPHOfO THilA 

0. A. MuunnoB 

({)fYTI «P(J)5Il.l,-BHHI1T({)», 456770, r. Ctte)l(HJICK l.Jem161rncKOH o6n. 

PaccMoTJ)eHbt sonpochr nocTJ)oem-ui. CTJ)YK'fYPhl Mo.nepHH3HposaHtt0A CY3 peaKrnpa RfY AP 11 ee TeXHH.lJeCKOM 

peamnaum-1. OnwcattbJ KaHaJJbJ H.3MepeIDtA 11 nporpaMMH0e 06ecne<Jett11e. 

KJJtolfeBbte CJIOBa: CHCTeMa ynpaBJieHllll H 331Ulffbl peaKT0pa, pt:aKT0p JlfY AP' nporpaMMH0e 06ecne'!eH11e. Ka­

HaJJbl HJMepemrA. 

MODERNIZED AUTOMATED SYSTEM OF CONTROL, GOVERNING AND PROTECTION OF 
PULSED WATER-SOLUTION REACTOR/ 0. A. MINGAZOV II Issues of building a structure of YAGUAR modern­
ized pulse nuclear reactor and its technical implementation are discussed. Measuring channels and software are described. 

Key words: system of reactor governing and protection, Y AGUAR reactor, software, measurement channels. 

BBe}le1me 

CHCTeMa ynpaBJICHJ,Ul H 3aUU,!Tbl ll.ll,epttoro peaK­

Topa - 3TO C0B0KynH0CTb cpe.ncTB TCXHl14eCKOro, 

nporpaMMI-IOTO H HH<pOpMaUHOHHOro o6ecne4eHWI, 

npe,utta.JHa'-1.eHHblX ,um1 o6ecnc4CHl1ll 6e3onac1-10ro 

npoTeKaHl1ll uenHOM peaKUHH. C11CTCMa ynpaaneHl1ll 

11 3all.(11Tbl (CY3) llBnlleTCH HCOThCMJJCMOM 11 cneu11-

cp114HOM '-!aCTblO pcaKTOpa. 3m CHCTCMa. B8)1(H8ll .ll,Jlll 

6c3onaCHOCTl1, C0BMell(aeT B cc6c Q))'HI:G.J.HH H0p­

MaJJbHOM )KCI1JI)'8T8U11H 11 6e3onacHOCTH H COCT0l1T 

H3 JJieMeHT0B CHCTeM K0HTf)0Jill 11 ynpasneHHll H 

D.0JI)KHa y ,ll.OBnernopllTb )l(CCTKIIM TPe6osaH11llM 

o6ecne4eHHll 6cJonacttocTH pa6oTbI Ha 115IP 11 o6na­

.naTh BblCOKOM Ha,/le)KH0CTblO. B TO )Ke apeMll Ha 11C­

CJIC,/l0B8TCJlbCKOM pcaKT0pe CY3 .ll0Jl)KHa 6b1Tb .noc­

TaT0'-IH0 r116KOH .llJlll OTPa60TKl1 pa.3JIH4HblX pe)KHM0B 

pa60Tbl pcaKTOpa 11 3KCnnyarnu1111 peaKT0pa B 3Tl1X 

pC)l(HMax. 

C11cTeMa ynpaBJICHHll H 38ll(HTbl 0TH0Cl1TCll K 

KJiaccy TCXHH4eCKl1 CJIO)l(HblX 11 .noporoCTOHll.(11X )'CT­

pOHCTB. Tip11 npocKrnpoaatt11n 11 pa3pa6oTKe CY3 

115IP pacrnopHoro nma TPe6yeTcH co3.namIe cneu11-

an&HblX <pl13114CCKl1X MCT0,Ul1K 113MepCHHll, cneu11anb­

HOII 11JMep11TenbHOH. K0HTf)OJI bHOH 11 ynpaBJlllJOlllCH 

annaparypbl 11 cneu11aJJbHOro nporpaMMHO-MaTeMa­

TH'!ecKoro 06ecneYe1-m.si .nn» Hee. 
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TaKHM o6pa30M, .nnll o6ecncqemrn TPe6yeMhlX 

Ka'-ICCTB CY3 Heo6xon.nM KOMnneKCHhIM no.nxo.n 

K peweH1110 aonpocos no 06ecneGeH1110 6e3onacHo­

CTH, 11.neonor1111 nocTp0CHl1ll, CXCMOTeXHHKH. KOHCT­

PYKUHH 11 TCXHononrn. 

Pa3pa6on-:a CTpy1cryphl CY3 

C T04KH 3pcmIll opraHHJaUHH ynpaanemrn, aB­

ToMam311posaHHa» CY3 peaKTopa 5ffY AP - :>TO 11e­

papx11YecKa.si nocne.nosaTenhHO-napaJJJJen&tta.si CTPYK­

Typa c wccTbIO y3naMH (p11c. 1). Bo masc JTOH 11e­

papx1111 HaXO.U11TC.s! 4CJIOBeK - onepaTOp 3a nyJibTOM 
ynpaBJlCHl1ll (TTY), OH OC)'ll(eCTBJilleT KOHTf)OJlb 3a 

cocT0llHl1eM 11JIP KaK peaKTOpHOH ycTaH0BKH (PY) 

11 3a.naeT ynpaBJI.s!IOllll1C KOM8H.ll,bl nocpe.ncTBOM f1Y. 
Cnc.ny10m1111 yposeHb - rnaBHhIH K0MITbIOTep. OH 

OC)'ll(CCTBJillCT npHCM 11 Bl13)'8fll13aUHIO 11HQ)OpMaU11H 

o cocTOllllHH PY, np11H»T11e K0MaH.n c TTY, npoacpKy 

.nonyCTl1MOCTl1 K0MaH.n .UJIH TeK)'ll(Cro COCTOllHHll PY 

11 ncpc,na4y ynpaBJilllOll(HX KOMaH.n H11)1(HCM)' 3BeHy 

(BC.ll,OMOM)' KOMilbJOTepy) Ha HCnocpen.crneHHOe 

cpopM11posaHHe ynpaanll!Oll.(11X no3,ne11crn11ii. CTP)'K­

TypHall cxeMa aBTOMaTl1311pOBaHHOH Cl1CTCMbl ynpaB­

JICHlUl 11 3am11TbI pacrnopIrnro 115IP npc.n.crnanetta Ha 

p11c. 2. Tip11 pa3pa60TKe HOBOtt CTPYKT)'pbl CY3 oco-

6oe BHHMaHHe 6hin0 y,ncJICHO cne,U)'IOlllHM 1 pc6oaa­

Hl1HM: 



- np110pHTeT 3all.(11THbIX cpyHKUIIH Han cp)'HKU11.S!­

Ml1 ynpaaneHm1; 

- 06ecnc4e1-rne KOH-rpon.SI 1-1ei1TPOHH0-qrn3114cc­

K11x napaMe-rpoa I1.5IP; 

- )'MCHbllleHHe )lJIHHbl 113MepHTCJlbHb!X 11 c11r­

Ha.JlbHhlX Jll1HHH CB.S!3H. 

JJ;onOJlHHTCJlbHb!C TPYJJ.HOCTI1 npCJJ.CTaBJI.S!Jla pac­

npeneneHHaJI «reorpacpH.S!» KOMITOHCHTOB CY3: nynhT 

ynpasneHH.S! pcaKTOpOM pacnOJlO)l(eH a 500 M OT 

CTCHJ].a I1.5IP, 11cnOJ1Hl1TCJlbHbie CHJlOBblC '.)JlCMCHTbl 

pa3MCLUeHbl HenocpcncrneHHO s peaKTopttoM 3a11c, a 

CHJlOBbIC MOJJ.YJ111 - BO BCOOMOf8TCJlbHOM ITOMCLUCHl111 

a 40 M OT CTCH,na, Be)J.OMblii ynpaBJl.S!I-01.UHH KOMTiblO­

Tep 11 6JJOKl1 aaapttttHOli 3all.(HTbl ycTaHOBJlCHbl 

B CTOHKY B pc3cpsttoi1 nynhTOBOtt B 30 M OT CTCH,na. 

Be,1yu.i11ii K0MnblOTep 

Be.'lOMl>lii K0MTibl0Tep 

6,,oKu aoapniinoH 
3all.lHTbl 

Peai,;rnp 

P»c. 1. C1-pyKT)'Pa ynpasneHW! 

~---------------------------
~ ---

~ 6 ,10KH aeapHiiHoH 33.UlHThl '' 

t YHBK ' 
I \ 

' ... ____ \ 

CTOHK3 

CHnOBaJI 

--- _., 

I 
I , 

I 
I 
I 

I 
I 
I 
I 

ITynbT ynpaencHui 

P11c. 2. C1-pyKT)'Pa CY3 

Ha p11c. 2 Bbl,UCJlCH o6bCKT ynpaBJJCHll.SI - CTCH.U 

peaKTOpa, B COCTaB KOToporo BXO,llJIT l-lCOOJlHIITCJib­

Hbie 3JleMeHTbl II l(OHT8KTHblC ,naT'-111Kl1 l1X COCTO.S!Hllll, 

,naT'-IHKH TCMneparypbl, JJ,38JlCHH..S!, ypOBHH pacrnopa, 

a TaK)l(C ,UCTCKTOpbl KOHTPOJl.S! IICttTpOIIHOfO OOTOKa 

H aaapHttHOH. 381.UHTbl. TeXHOJlOflllJeCKa.S! cxeMa pac­

TBOpHoro I1.5IP (p11c. 3) BKJ110L1ac1 s ccfo, pacrnop-

11y10 cucTcMy, raJosyio c11cTcMy 11 rncTeMy 3neKTpo­

nHenMonpHBo.uos 11COOJ1HH rCJlbHhlX '.l_T"ICJ\ICHTOB (11.3) 
[ 1 j. Bccro B Tex1-1011orn•1cc1<011 c11cTCMC 28 H3: 
20 :rneKTPOITHeBMOKJJanaHOB 11 8 ")JICKTpOMarHHTHblX 

pcne. BKJJ!O'-ICHHe HCITOJlHIITCJlbllbJX ")JlCMeHTOB 11po­

l13BOLl,HTCH no,Llal!Cll 011T1HH51 Ha CH.'lOBblC MOL\Y!lli, 

ycTaHOBJleHHbie 8 6JJOKJ1 CIWOBOit 1-'0J\IMYTaUJU!. Ha­

XOL\.S!LU11eC.S! B CTOHKC Cl!JlOBOi1. BblBC.D.Cl-!11e perym1-

py1om11x opraHOB - HMnynhCHbJX c1cp;i-:Hei1 113 A3 
ocyLUeCTBJl.S!eTC.S! nonalJCH ynpaBJJ.S!IOLUCfO nMTaHH.S!. 

Ha np11BOL\hI CoorncTcTBeHHO BBO.l B A3 npo113ao­

.UHTCH CllilTHeM TI11TaHH.S! C nplIBO.lOB, 4CM o6ecne'-111-

BaeTC.S!. nacc11atta.S1 6e30narnocTb H51P. Ynpaanc1me 

CltJlOBbIMH MO.UYJIHMJI ocyurccTBJ151CTC.S! CTaH)J.apTHbl­

MM c11rna.naM11 TTJl-ypoBllil, Bb1pa6aTb1BaeMhIMH 

ycTpOHCTBaMH Ul1<pp0B0f0 BblBO,D.a BCLl,OMOfO KOM­

ITblOTepa. 

Bc.nyw.Hi1 KOMITblOTep ocyrnccrnnHeT np11eM 11 

s113yan113aumo 11ttcpopMau1111 o cocTO.S!.HHl1 PY, np11-

H.S!T11e KOMaHJ]. C TTY, nposepKy nonycTHMOCTH KO­

MaHJ]. .UJl.S! TCKymcro COCTOHHIUl PY H ncpena'-ly 

ynpaBJl.S!lOLUHX KOMaH.D. Be,UOMOMY KOMOblOTepy. 

Cneu11cp11'-1CCKl1Ml1 cpyHKUH.S!MH se.uyw.ero KOMTibJO­

TCpa .S!BJl.S!lOTC.S!.: OT06pa)KCHHC 11Hcp0pM8Ul111 0 co­

CTO.SIHHII I1.5IP Ha .!lBYX MOHHTOpax (MHCMOCXCMa 

TCXHOJlOrH'-leCKOH Cl1CTCMbl 11 rpacpHKH MOLUHOCTl1 

HCHT{JOHHOfO nOTOKa 11 peaxnJBHOCTH), npHeM KOJ].a 

0 Ha)KaTOH KJlaBHIUC C nyJihTa ynpaBJJCHl1.S! 11 cpopM11-

poBaH11e ynpaBJl.S!lOll(HX KOM8HLI,, onpoc .!l03HMCTPH-

4CCKOH annaparypb1, o6pa6oTKa 3apernc-rp11poaatt-

1-1oi1 HHQ)OpMau1111 11 ne'-laTh npoToKona o ceaHce pa-

6oTbI. TaK)KC BeLl,yll(HH KOMTiblOTCp BbinOJlHJICT 

cpyHKUHM nporno311posamrn napaMCTpOB nycKa -rpe­

MJI cnoco6aMH: Ha OCHOBC Ll,aHHblX rrpeLl,bl.UYll.lHX 

nycKOB, C noMOll.lblO peaKTHMCTPa H no t.rnTeMaTl1'{e­

CKOH MO.UCJIH. Be.!lOMblH KOMilblOTCp BbinOJlH.S!.eT cne­

JJ.)'lOLU11C cpyHKUJ111: BBOJ]. 11HQ)OpMaU11H O COCTO.S!H1111 

11.3 vUIP c KOHTaKTHbIX )J.aT'-IMKOB nocpe,nCTBOM MO­

.n.ynett u11cppoaoro sao.na; BBO.!l 1rncpopMau1111 o TCM­

ncparype, nasneHHl1, ypoBHe pacrnopa, ypoaHe ttei1-

-rpottttoro nornKa c Mo.n.yneil atta.noroaoro BBO.!la; 

np11eM OT aenywero KOMTiblOTepa ynpaBJl.S!IOll.ll1X KO­

MaHLI,, 3anaHHhrx onepaTopoM c TTY; aHamn TeKyll.(e­

ro COCTO.S!I-IH.S! l1.5IP H np11W1n1e pcrneHl1.S!. 0 cpopM11-

pOB8Hl111 npe.!lynpeL1,11TCJlbHblX H asapHHHblX KOMa1-1.n; 

I1CITOJ1HCHl1C ynpaBJI.S!lOLUI1X KOMaH)J. np11 OTCYTCTB11ll 

3anpeTa Ha 11x 11cnontte1-111c; ac11HxpoHHhIH onpoc co-
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CTO.SI.Hl-UI 6JIOKOB 8Bap11ttHOH 3811.(MTbl; penicTpau1110 

HettrpOHHOrO nOTOKa HJIP B CT8T.11lJCCKOM H HM­

nyJibCHOM pe)KMMC; ncpc.D.aYy l1HqJOpMaum1 0 TCKy­

meM COCTO.s!H1111 HJIP B Be.D.ym11i1 KOMfJhlOTep; npo­

TOKOJillpOB3H lie BCeH 11Hq>OpM8Ul1JI O ceaHce pa60Tbl. 

Bc.D.OMbJH KOMnhlOTep qaCTHYHO ,u.y6m1pyeT qJYHKUmt 

se.nymcro KOMfJblOTCpa: aHanH3 COCTOHHM.sl I1JiP 
11 np1rn.siT11e pcwemr.si o cpopM11ponaH1111 npe,u.ynpe,u.11-

TCJlhHbJX H asapHHHb[X KOM8HJJ. H npOTOK0Jrnpoaa1-111c. 

3rn c.u.enaHo c uenblO o6ecneqernrn 6c1onarno11 JKC­

nnyarnuHH peaKTopa. ITpc.u.nonaraeTc.si nosb1c11Tb 

cTenc11b aaT0Mannau1rn CY3, so1non01B YaCTb 

cpyHKU11H onepaTvpa Ha se.nyU.JJl}f K0~lfJhlOTep. 

B )TOM cnriae onepaTop 6y.u.eT BBO,U.11Tb HCX0 . .lHYIO 

11Hcj)opMau11!0 o napaMCTpax npe;monaracM01 o nycKa 

11 3arrycKaTb nporpa~u,1y no.u.roT0BKH nyc1-:a. KoMnh­

lOTep 6y.neT nowaroB0, C o6.si38TCJlbHblM 3anpocoM 

pa3pewemrn y oncpaTopa, roTOBHTb PY K nycKy . 

JiornKa pa6oTbJ CY3 ocH0BbrnacTc.si Ha rn6m1uc 

COCTO.s!HHH, B COOTBeTCTBIH! C KOTOpOH ocymecTBJI.sl­

lOTC.sl pa3pewe1m.si H 6nOKHp0Blrn BhlfJ0JlHCHll.sl one­

paw,1i1 11 cpopM11posam1e asap11ttHbIX c11rnan0B. Ha­

,u.e)l(HOCTb ::noro TCXHH4eCKoro pcrnCHl1.sl fl0,!J.TBep­

)l(,U.8CTC.sl fJOlJTH .D.B8.lll.J,8Tl1JieTHHM 0flb!T0M )KCnnya­

TalJ,1111 peaKTopa. 

OcHOBHOH qacT1,10 asT0MaT11311poaattttoi1 CY3 
.s!BJUIIOTC.sl ynpaBJl.sl!Oll.(HH HHcpOpMaUHOHHO-Bbl'!JICJIH­

TCJlbHhJH KOMnJICKC, C03,llaHHblH C 11CfJOJlh30B8HHeM 

.nsyx npOMbJlllJJeHHblX KOMflblOTepoB, 06be.1J,11HeHHbfX 

B TeXHHYeCKyIO ceTb (p11c. 4), }1 6noKH aaapHHHOH 

3aUU1Tbl. KoMflblOTep B npOMbllllJleHH0M 11CfJ0JJHe­

Hl111 - JTO PC-coaMecT11Ma.si crnHu11.si c6opa ,u.aHHbIX 

H-2000 npomBo,u.crna qmpMbI «JI-KAP)].», cepmcjrn­

u11posattHa.si KaK cpe.ncrno 11JMepctt11.s1 no nmy. 

B COCTaB rnaBHOro KOMflblOTCpa BXO)]..s!T cne­

.!l.YIOlllHe Mo.nyn11 11 scnoMoraTCJibHhJC nnaThI: AU.IT 

H-11 (14 pa3pH.D.OB, 400 Kfu). MO.D.YJib u11cpp0Boro 

BB0.D.8-BblBO.D.a H-43, Ethemet-a,u.anTep 11 ccTcsoi1 M0-

.u.eM ( l 00 M6MT/c ), .D.Ba M0HHrnpa .D.n.si OTo6pa)l(eHJrn 

11HcjlopMau1111, npHHTep 11 11CT041111K 6ecnepe60HHOrO 

fl HTaH 1151. 

B COCTaB Be,U.OMOro KOMflhlOTepa BXO)]..s!T CJIC­

.!l.YlOJUHC MO.D.YJIH 11 BCflOMOraTCJlbHble flJ18Tbl : All.TI 

H-11, MO.!l.YJlh ranhBaHw1ecK11 113on11posaHHOro u11cp­

p0Boro BBO.lla H-41 (4 lllT.), Mo.nynb u11cjlpoaoro BBO­

.L1a-s1,1ao.u.a H-43 (2 WT.), Mo.u.ynh AUTI Me30Hl1HllblH 

H-27 .LI.JUI BBO.!l.8 MC,U.JlCHHOH3MCIU!l011.(IIXC.sl Cl1rHaJJOB, 

Ethemet-a,u.amcp 11 CCTCBOH MO.LI.CM (2 M6HT/c), nna­

Ta nocne.L10BaTen1,11oro HHTepcpciica RS-485, MOHH­

TOp )].Jl.sl OT06pa)KeHl1.sl l1HqJOpMau1111 H HCTOlJHHK 6ec­

nepe6ottHOro flHTaHHH. 
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P11c. 3. Texttono111,1ecKall cucTcMa peaKTopa .51.fY AP· I -
A3; 2 - Kopnyc A3; 3 - 6110;10n14ecKaJ1 Jauuna; 4 - Hl1)K· 

HHH J..1C; 5 - aepxtt11H JtlC; 6 - npHao,1 JarpYJKH o6pa:moa; 

7 - tte111pot-lHb1i1 11cTO'IH t1K; 8 - aeHTJUlb py'IHoii; 9 -
qlHJlbT)) O'IHCTKII ra30B: 10 - KJianaH HOpMaJlbHl) JaKpbl­

TbJH; 11 - ttacoc MeM6pa11ttb1it; I 2, 16, 17 - 11aT'utK11 ;.1as­

nett11ll; 13, 14 - 6a.irnOHb1-xpaH11J1HW.a )KHJlKOro rnnn11aa; 

15 - faJOBblil 6aJUIOH; I 8 - KJlanaH HOpMaJJbHO OTKpblTblH; 

19 - 11CKpOBOH aocru1aMeH11TeJLb; 20 - llpHB0/1 6110110nt'!eC-

KOH JaW.HTbl: 21 - o6pa3eu Ha o6n)"laTelll>HOH nOJHUH11 

)].sa 11,U.CHTl1lJHblX 6noKa aBapHHHOH 381101Tbl co­

CTOHT 113 aBTOH0MH0ro KOHrpOJJJlepa E-270 C MC30-

H11HHblM MO.!l.YJlCM BBO.D.a T0KOBOro c11rnana 11 M0.!lyn.si 

ClJeTlJHKa-TaHMepa, KOTOpbll1 06MeH11BaeTCH YCpCJ 

nocne,u.oBaTenbHbIH 111ncpcjlei1c RS-485 11HcjlopMau11-

ei-I C ynpaBJlHIOJUHM KOMilblOTCpOM. Kom·ponnep 

E-270 nocrpoeH Ha ocHoBe MMKponpoueccopa c 

3HeprOHC38811CliMOH TI8M.s!Tb!O .llJUI xpaHeHH.sl npo­

rpaMMbl, BblnOJIHeH11e KOTOpOH HalJl1H8eTC.sl np11 no­

,u.aqe IlHTaHlrn Ha KOHTP0Mep. lliMep11TeJibH8.sl Y8CTb 

KOHrponnepa HMeCT soceMb CJIOT0B ,U.Jl.sl ycTaHOBKl1 

113MepHTCJlbHblX Mo,u.ynei1 11 BOCbMli6HTOBblC perncT­

pbl umppoBoro BBO.D.a 11 Bb!BO,U.a. B HaweM cnyl.fac Mbl 

11CTIOJlb30BaJJH MO.D.YJib H3MepHTCJl.sl TOKa .llJUI H3Mepe­

Hl1.sl CttrHana co CU11HTHJIJUIU110HHOro ,u.eTeKTOpa 

11 MO.D.YJJb BB0.Ua llMTIYJlhCOB .LI.JUI np11eMa lJ8CTOTH0-

11MflYJJbCH0ro CHrHaJla co ClJCTlJHKa HCiITpOHOB THna 

CHM. TTporpaMMa c yacTornil 20 ru onpalll11eaeT 

COCTO.s!Hl1C H3Mep11TeJ1hllLIX KauanoB H cpaBHl1BaeT 

TeKymcc 3H81.feHHC C 38)].8HHblMl1 noporoBbJMH 3H8-

'ICHl1HMl1 11 np11 11X npeBblWeUHH Bbl,U.aeT COOTBCTCT­

BYIOIUHe CHTH8Jlhl B perHCTp u11cpp0Boro BbIBO.!l.8, KO­

TOpblll ynpaBJI.s!CT TBCp,U.OTCJlbHblMH pene, pa3Mb]­

K8l0lll11MH UCflH mnamrn C0OTBeTCTBYIOU(liX HCflOJl­

HHTCJlbHhlX '.)JICMeHTOB. bJIOK anapHHHOH 381UHTbl 



BbJ,!laeT cne)l.yl0ll.{11e Cl1rHa.Jlb[: HaJTl1411e MUHHMyMa 

C4eTa, npe.uynpe.u11Tenbttb1H ypoBCHb, aBap11HHbIH 

ypoBeHb 11 3am11rn no nep110.uy pa3roHa. 

1••···································-­. . 
! B"'r:.:~~:-r::t'" l 

C,m6t~ adanmep 

........................................ . . 
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I ..-----. ! 
~ C emHOtJ idanmep ~ 

r pa,,, SBNll 28-
04PCI 

( fpa,,,, SBMl28- j 
t<::===~>t 04PCI 

H-43 

UUl/>poeo/J 
lltOdltoeod 

H- 11 
lh\CepCHHC 

attas,oroswx 
cttntanou 

J.~: 100 ru 

:. ..................................... ; 

H-271-20(1,2) 
lhMc..-pt..'HUC' 

HltnJ'll-...1.."HIUI 

H-27R250(1,3) 
lbMcr,.:HIII! 

Tct.1nq,a1)j'IW 

H-11 
H1Mcrcmu: Tm.11 

H-11 
Pc.'f11CTpllllll 

fihlnpol\-"K) llUIX 

narJ.'-'CTj'IOfl 

li4I 
UUl/>pc,,oii .. od 

H-41 
UUl/>pc,,oii .. od 

H-41 
Uucb/J06oii .. od 

H-43 
UIX/Jpoeouet..,od 

H-27C2 /1.3) 
C'iem••UNmatMep 

H 11 
Ko,.~pot,bnuma 
10U1Jl 'latlpiOl(~UU 

MDl]f 

MDD? 

MDDJ 

Tnt-rn3 

KHKIS-f•I 

KHKfft t-? 

KHTl-2 

HTPl-2 

[/eyxno3u­
t.(UOHHble 

dam"iuKu 

Tsepdomem,­

"'~ pene 

CHMt-2 

VI,? 

Htmo~HUltU 

numaHuJJ 

Pac. 4. <l>yHKUHOHaJlbHaJ! cxeMa KaHaJlOB BBO.lla-BbIBO.D.a 

Pupa6oTJca KallaJJOB HJMepeHHH 

.LJ.m1 TIOJIY4eHH.R 6onec T04HOH 11 IlOJIHOH 1rncpop­

Ma~1111 0 COCTO.RHl111 peaKTopa 6bIJ111 3aHOBO pa3pa6o­

TaHbl 11 aTICCTOBaHbl KaHa.Jlbl H'3MepeHH.R MOU(HOCT11 

HeH-rpOHHOro IlOTOKa, ypoBH.R pacrnopa, .uaBJieHH.R 

B TeXHOJIOrWieCKOH Cl1CTeMe 11 TeMnepaTypbl. Katta­

Jlbl H3MepeHl1.R MOU{HOCTH Hei:i'TpOHHOfO TIOTOKa co­

CTO.RT 113 .UByx 4YBCTBHTCnbHblX (HMnynbCHblX) 

11 .UByx rpy6blx (TOKOBblX) KaHa.JlOB, KOTOpb1e 11Me!OT 

nepeKpbITMe .u11anaJOHOB [2]. Ll,eTeKTopaMH 'IYBCTBH­

TeJibHbl X Katta.nos cny)l(aT .uaT4HKH CHM-18, a rpy-

6b1x - KaMepbi .n.eneum1 KHK15-l. Cneu11a.nbHO )l.JI.R 

4YBCTBHTelli>HbIX KaHa.JlOB 6blJil1 pa3pa60TaHbl yc111111 -

TeJill-cj)OpM11poBaTem1. CKOpOCTb C'!CTa 11MTIYJibCOB 

no 4YBCTBl1TeJibHblM KaHanaM 11'3Mep.RIOT C4eT'!HKl1 

86 

11MnynbCOB H 27C2, ycTaHOBJieHHble 8 Me30llllHHblli 

l'-10.Uynb H27. C noMOIUblO 113Mep1nenei1 TOKa H27120 

H'3Mep.ReTC.R TOK no rpy6blM KaHa.naM. ,D.asneHHe 

B ra30BOH CHCTeMe 113Mep.HeTC.R. C TIOMOll.{blO .uaT'!HKOB 

«Me'TpaH-100», yttmjrnu11poBaHHbltt TOKOBblH C11fHa.Jl 

C KOTOpblX npHHHMaCTC.H 113Mep11TeJI.HMH TOKa. Ypo­

BCHb pacrnopa s 6a.nno11ax-xpau111111max H3MCp.RCTC.R 

C IlOMOlllblO eMKOCTHbIX ypoBHeMcpoB, Bbllla!Oll.{l-lX 

4acrnry TTJl-yposH.R B 3aB11c11MOCTH OT yposmi pac­

Tsopa. l.facTOTa 113Mep.RCTC.R C'!eT'-m.KaMH llMilYJibCOB 

H27C2. Pcrnc-rpauu.H MOU{Hocrn tteihpom10ro noTo­

Ka 11 <j)opMbl HMnynbca 8 11MnynhCHOM pe)KHMC npo­

H3801ll11 cii c noMOll.{bIO KaMCpb1 .ueneHH.H KHT-54 
11 CUHHTl1JIJI.sl LUIOHHOro .uaTYHKa <j)opMbl. 

PaJpa6onca nporpaMMnoro 06ecneqe11HH 

Ll,n.s1 BblnOnllCHHH cpyHKUHH Be.D.yll(IlM 11 BC,!lO­

MblM KOMilblOTCpaM11 6brnO pa3pa60TaHO cne1111a1rn-

311posaHHOC nporpaMMHoe o6ecnc4CHHC (TIO) -
nporpaMMHblH KOMnneKc «TiyMa». TIO <j)yHK11.110H11-

pye-r s onepau110HHOH c11cTCMc Windows 2000 

ProfeS!-.iOnal. B COCTaB TIO BXO.U11T TIO se.n.ymero 

11 BC/lOMOrO 113MepHTCflbHO-ynpaBn.RIOll.{CfO KOMnneK­

ca. TIO 06m1x KOMTiblOTepOB B OCHOBe HMCIOT O.UHY 

nporpaMMHy10 c-rpyKTypy, Ha Kornpyt0 noJIO)KCHbl 

npouc.uypb1 pea.n113au1111 KOHKpeTHblX cpyHKU11H. 

CxcMa ocHOBHOH pa6o4ei1 nporpaMMbl npeA­

crns11cHa Ha p11c. 5. TiporpaMMa Be.uymero (rnastto­

ro) KOMilblOTepa HMeeT Tp11 pe)Kl1Ma pa60Tbl: «KOH­

<j)11ryp11posa1me KaHaJIOB BBO,!la-BblBO,!la». «n11arHO­

CTl1Ka». «pa6oTa». Pe)KHM «KOHcp11ryp11posaHl1C Ka­

Ha.JlOB BBO)la-BblBO)l.a» TI03BOJI.ReT Bbl6paTb .n.ocryn­

HhlH QlH3H4eCKHH Kattan 11 no.UKJII0411Tb ero K BHYT­

pcHHCMY norn4ecKOMY Kattany nporpaMMbI. KOTopbrH 

COOTBCTCTByeT KOHKpeTHOMY o6beKry pcaKTOpHOH 

ycTal!OBKH. B :noM pe)Kl1MC np0113BO,!ll1TC.R Il011CK 

ycTaHOBJICHHblX B KOMTiblOTCp yc-rpoHCTB BBO,!la­

BblBO,!la, BBO.!l 113 cpai1na TCKyll.{CH KOHcp11rypau1111 Ka­

lla.JlOB BBO,!la-BblBO)la 11 np11 He06XO)l.HMOCTH nepe­

KOHcjrnryp11poBaH11C KaHaJIOB. 3TOT pe)l(l1M ueo6xo­

,!lHJl.f np11 3aMCHe yc-rpOHCTB BBO,!la-BblBO)l.a. «.LJ.11arno­

CT11Ka» - 3TO npoBCpKa pa6orncnoco6HOCTJ1 OT,!leJib­

HblX 113 peaKTOpHOH ycTaHOBKH 11 113MCpCHl1.R speMe­

Hl1 11x cpa6aTbrnamui. «Pa6orn» - OCHOBHOH pc)l(HM 

nporpaMMbl. B 3TOM pe)l(HMe 06ccne'!11BaeTCH IlOJIHblH 

KOHTJ)OJib 11 ynpasnem1e peaKTOpHoH ycrnHOBKOH. Pa-

60411e oKHa nporpaMMbl npe.ucrnBneHbI Ha p11c. 6. 

1' 
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Pwc. 6. Pa60411e OKHa nporpaMMbI «TIYMA-M» 

ITporpaMMa Be,UOMOro KOMOblOTepa BCer.ua pa-

6oraer B O.UHOM pe)l(HMe. 0Ha o6ecne•rnBaer BBO.U 

HHcj)OpMau,1111 0 COCTO.HHJ1J1 113 PY C KOHTaKTHblX 

,U8T'IHKOB nocpe,ucTBOM Mo,uynei1 u.11cpp0Boro BBO,Ua; 

BBO,U HHcj)OpMau,1111 0 TCMneparype, .uasnett1111, ypoBHe 

paCTBOpa, ypostte HCHTJ)OHHOrO IlOTOKa C Mo,uynei1 

aHa.rrorosoro BBO.n;a; npHCM OT se,uylll,ero KOMilblOTe­

pa ynpaBn.HlOlll,11X KOMaH,u; 8HaJil13 TeKylll,ero COCTO.H­

HHJ!. H5lP Ii np111rnrne peweHHJ!. 0 cpopM11p0B8HHH 

npc.uynpe,u11TeJ1bHblX 11 aBapHHHblX KOMatt,u; 11cnon­

HCHl1C ynpaBn.HlOLlJ,HX KOM8H.U np11 OTCYTCTBHH 3anpe­

Ta Ha HX 11cnonHett11e; acHHXpOHHblH onpoc COCTO.H­

HHJ!. 6noKOB asap11i1Hoi1 3aUI.HTbI; pernc-rpau.1110 ttci1-

TpOHHOro nOTOKa 1151P B CTaTH'leCKOM 11 HM-
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nynbCHOM pC)l<HMax; nepe,uaqy HHQ)OpMau.1111 0 TeKy­

LlJ,eM COCTO.HHl111 1151P B se.uym11i1 KOMilhlOTcp; npo­

TOKOm!p0B8HHe scei1 HHcj)OpMau,1111 0 ceattce pa60Tbl. 

3aKJJJOqeHue 

Mo,ucpttmau,HJ!. aBTOMar11:mposaHHOH CY3 1151P 
paCTBOpHoro THna IlOBblllJaer 6e3o□aCHOCTb 11 tta­

,ue)KHOCTb pa6oThl PY. Yny'lurner Ka'!ecrno ynpaBne­

HHH peaKTOpOM BO Bcex pC)l(l1M8X 38 C'!eT IlOBbIWe­

HH.H TO'IHOCTH 113MepeHH.H napaMeTpOB peaKTOpa 11 

IlOBbllliCHH.H CTeneHI! 8BTOM8TH38LJ,1111. Ha ,naHHblll 

MOMCHT npOBO,UHTC.H no.uroTOBKa K <pl13H'leCKOMY 

nycKy peaKropa. 
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TECTOBhIM IlPMMEP IlPOBEPKl.f IlPOrP AMMHOro OliECTIElJEHIDI 
,[(JUI PAClJETA BEPOJITHOCTl.f PA3PYlllEHIDI (IlH-1.1) 
C lfCilOJib30BAHHEM METO,[(MKH A. P. P)KAHUQhlHA 

A. IO. KylLMH'iC8CKHH, A. <I>. reTMall 

OAO «BH11l1AJC», 109507, r. MocKsa 

OnHCaH MeTO,ll oueHl(J,{ pecypca 06opy.11osaHHll H TJ)y6onpOBO,llOB A3C B sepOllTHOCTHOM acneKTe. 
MeTO,ll llBJllleTCll pa3Bl1THeM KJJaCCH'leCKOro nO,!lXOJla PiKaHHUblHa A. P. K onpe.11eneHHIO sepOl!THOCTII pa3pyweHUll 

KOHCTJ)YKUHH np11 CTaTH'lec,rnx HarpY3Kax. 
Me-ro.11 nO'.lBOJIJleT Y'IHTblBaTb Ka'leCTBO KOHCTJ)YKUJ1H, o6opynoaaHHll H TJ)y6onposonos no KpITTepK!O KX .11eqieKT­

HOCTH, B TOM 'IHCJle nocne nposeneHKll HepaJpywa10mero KOHTJ)OJIJI H peMOHTa BblllBJleHHhlX .11e<j>eKTOB. 
Ha OCHOBe MeTO.lla pa3pa60TaH O.UHH K3 Mo.ayneii Bbl'IHCJlHTeJlbHOro KOMnJJeKCa Ha OCHOBe Maple 12, nOJBOJIJIIO· 

lllHH npOBO,llHTb pac'leT aepOl!THOCTeH pa3pyweHKl!, Te'lei'i H .11ecj>eKTOB 06opy.11osaHHJI H TJ)y6onpOBO.llOB A3C, OnTHMK3a­
UHIO HX Hepa3pywa10mero KOHTJ)OJIJI H TeXHH'leCKoro 06CJJ)')KltllamU1 BO apeM.11 JKC11J1yarnum1. 

)laHbl npKMepbl OUCHKH pecypca H aepOJITHOCTH pa3pyweHJ1JI 3JleMeHTOB 06opy.11osamU1 A3C. 

KmO'ICBble CJIOBa: pecypc 06opy.11osaHHJ1 A3C, MeT0.11 oueHKH pecypca, aepollTHOCTb pa3pyweHKll, UHKJlH'leCKOe 
Harpy-,KeHHe. 

TEST EXAMPLE OF CHECK OF THE SOFTWARE FOR CALCULATION OF PROBABILITY OF 
DESTRUCTION (nH-1.1) WITH USE OF A. RZHANITSYN'S METHODOLOGY I A. Yu. KUZ'MICHEVSKIY, 
A. F. GETMAN II The method of the resource estimation of equipment and pipelines of nuclear power plants in probability 
aspect is described. 

The method is development of the classical approach of A. Rzhanitsyn to definition of probability of destruction of 
a design at static loadings. 

The method allows to consider quality of designs. the equipment and pipelines by criterion of their faultiness, inclu­
ding after carrying out of non-destroying test and repair of the revealed defects. 

Based on the method developed by one of modules of the computer complex based on the Maple 12 to carry out the 
calculation of the probability of destruction, leaks and defects in equipment and pipelines of nuclear power plant, optimiza­
tion of non-destructive testing and maintenance during operation. 

There are examples of resource assessment and the probability of destruction of nuclear power plant equipment. 

Key words: equipment resource of atomic power plant, resource evaluation method, destruction probability, cyclical 
loading. 

Ha CTantCTH'!eCKHH pa36poc xapaKTCpHCTHK 

np0'!H0CTH 11 pecypca K0HCTJ))'KUHH 0Ka3bl8aeT Billlil· 

m1e 6onblllOC '!HCfi0 q>aKTopos. O.nHaKO M0)KHO Bbl­

.nenHTb HCCK0fibKO cjmKTOpOB, K0T0pbtC 0KaJbIBalOT 

pcU1a10ll{ee Bfilli!HHe. K TaKHM cpaKTopaM M0)l(H0 0T­

HCCTH CTaTHCTH'!CCKHH pa36poc np04H0CTHblX xapaK­

TepHCTHK MaTepmma, xapaKTCpHCTHK ycnOBHH JKC­

nnyaTaUHH, npe)l(,lle scero TCpM0CHfi0BblX If Koppo-

3H0HHhIX, a TaK)KC xapaKTepHCTliK OCTaTO'!HOfi .ne­

q>eKTHOCTH MaTep11ana KOHCTJJYKUHH, ecn11 0Ha co­

.nep)l(HT csap11b1e C0C,llHHCHHll, filffble HnH .npyrne 

3neMeHTbl. B K0T0pblX no.n ,neHCTBHCM Tex11onorn11 
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J.13f0T0BfiCHHll HilH ycnOBHH 3KCllilyarnumi M0ryT 

B03HHKHYTb Hecnn0lllH0CTH. 

B MCT0,l\HKC Y'!HTbIBalOT JaK0Hbl pacnpe.neneHHll 

np0'!H0CTHblX CBOHCTB, Harpy3KH, .neq>CKTOB, a T3K)l(C 

Bfilli!HHe Ul1KJJH'!H0CTH np11n0)l(CHH11 HarpY3KH, BJIIDl· 

HHC KOppO'.lHOHHOii cpe,nbl 11 MCX3HH3M0B pa3pyrnc­

HHll [ l ]. 
OcHOBHOC ypaBHCHHC ,n;ut Bbl'!HCfiCHllil scpOllT­

H0CTII pa3pyrne111V1 Pp HMeeT BH.ll 

PP= ffJ p(x1 )p(x2 )p(a)dadx1dx2 , (1) 
w 



r .ne p ( x 1 ) - .n11cpcpepettu11anbHaH cpyHKUl1JI pacnpe­

.neneHl1JI npO'-IHOCTHOH xapaKTCpHCTHKH, KOHKpeTHblH 

BH.11. KOTOpOH 3aBHCJ1T OT Kp1ncpm1 npO'-IHOCTH 11Jll1 

KpHTepHH p33pyweHHH; P( Xi) - .n11cpcpepeHUl1aJlbH3H 

cpyHKUl1JI pacnpe.neneHHH xapaKTep11cT11K11 ttarpy)l(e­

HHH, KOHKpeTHbll1 Bll.11. KOTOpOH 33BHCHT TaIOKe OT 

KpHTep11R npO'IHOCTH (KpHTCpHH p33pyweHl1JI) l1 yc­

JIOBHl1 3KCnnyaTau1111; a - xapaKTep11CTH'leCKHl1 p33-

Mep .necpeKTa; co - o6naCTb J1HTerp11pOB3Hl1JI, 33B.HCMT 

OT 11C0OJlb3YCMhlX Kp1nepI1cs npO'-IHOCTH l1Jll1 Kp.11Te­

p11eB p33pyweHHH. 

)].mI Ka)l()].oro MexaHInMa pa3pyweH11J1 (xpynKoe, 

BH3KOe 11 KB3311XpynKOC) o6o6meHHOe ypaBHem-1e 

HMeeT co6cTBeHHbll1 BH,l. Hanp11Mep. ecnH KOHCT­

PYKU11H H3XO.lll1TCH B C0CTOHHI111, np11 KOTOpOM 803-

MO)KHO xpynKoe pa3pyWCHl1C, 11 11MeeTCH BepOHT­

HOCTb cymecTBOBamrn B HCH HecnJIOWHOCTett, TO 

B 3TOM cnyY:ae BepOHHOCTb xpynKoro pa3pywCHl1H 

TaKOH KOHCTpYKU1111 t,)O)KHO onHC3Th ypasHeHHCM [l]: 

. 
Kll"max <J """ 

Pp= J PK,r(K1c) J p0 (cr)Pa(a?.aer)dcrdK1c, 

Ktrmin O'~nm 

(2) 

B KOTOpOM p Kie 11 Pcr - q>yttKU,1111 illIOTH0CTH BCpOSIT­

HOCTeH COOTBeTCTBCHHO KpHTH'lCCKHX K03(p(pl1U11CHTOB 

HHTeHCHBHOCTH HanpH)KCHI111 K,e 11 3KCnnyaTaU110H-

HOfO HanpH)l(eHl1JI CJ; pa - HHTCrpaJlhHM cpyHKUHH 

Bepo.srTHOCTeH CY1UCCTB0B3Hllil B paccMaTPHBaeM0M 

06opy.noBaH1111 TPelUHHhl pa3MepoM, He MeHhWe a. 
O6naCTb 11HTerpHp0B31111J1 B Bbipa)l(eHl111 (2) on­

pc.nemieTCH ycnOBl1CM 

(3) 

B KOTOpOM f, - q>)'HKUHH, 3aBJ1CH1UaH OT cpopMbl 

TPClUHHbI, Mecrn ee pacnonmKeH11J1 B KOHCTPYKUHH 

11 HX reoMeTPH4CCKHX pa3MepoB. I1.cnOJih30BaHHC 

ycnoBHH (3) .naeT cne.ny10m.11c Bb1pa)Kett11H .nnH npe­

.nenoa HHTerp11poaaH11H: 

K~·max = crmaxf1 .Jrramax · 

cr:in = K,r/(J,.Jnamax ), 
a,r = K1~/(nficr2 

). 

(4) 

Ilp11 3TOM (Jmax - MaKCHMaJlbHO B03M0)KHOC 3KC­

nnyaTaUHOHHOe HanpH)KCHHC; arnax - MaKCl1MaJlbHO 

803MO)l(Hbll1 B paccMaTPJ1BaCMOM o6opy.noBaHJ111 .nc­

cpeKT; Kie min - HH)KHHH rpatt11ua )J.Jljj B03MO)l(HbIX 
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3Ha':leHl111 K03cpq>HUHCHTa 11HTCHCHBHOCTl1 HanpH­

)KCHHH . 

Cl>yHKUHH p Kie 11 p 0 MOryT 6brn, on11caHhI ypaa­

HCH11HMH THna ypaBHCHl1H HOpManbHOfO 3aKoHa ra­

ycca. Ilp11 CTPCMJICHHH .n11cnepc1111 K ttynlO HOpManb­

ttoe pacnpe.nenett11e cTPeM11TCH K &-cpyHKUHH. B 3TOM 

cnyY:ae 113 ypaBHCHHH (2) MO)KH0 0OJIYY:11Th 6onec 

npOCTbIC Bhipa)KCHllil: 

np11 OTCYTCTBHH p336poca CJ; 

0 max 

Pp= J P0 (cr)P0 (a?.acr)dcr 
• 

0 min 

np11 OTCYTCTBHI1 pa36poca K1c ; 

PP = Pa ( a ?. arr ) 

np11 OTCYTCTBHH pa36poca K,c 11 CJ . 

(5) 

(6) 

(7) 

B 0OCJIC)J.HCM Bbipa)KCHIH-1 B Ha116onee npoCTOM 

B11)].e npoHBllileTCH npHMaH CBH3b MC)l()].Y Hepa3py­

wal01Ul1M KOHTponeM, OCT3TO'IHOH .necpeKTHOCTblO 

11 npO'-IHOCTblO. 

EcnJ1 B KOHCTpYKUHl1 OTCYTCTBYJOT .neq>eKThI, ro 

113 ypasHeHl1JI (2) Bbma.naeT 4JICH, CBH3aHHblH C p33-

MepOM .neq>eKTa. Hanp11Mep, .nm, BCpOHTHOCTH pa3-

pyweHl1JI 6e3.neq>eKTHOl1 KOHCTPYKU1111 C Kp11Tep11eM 

np0'-IH0CTH MaTep11ana B 811.llC npc.ncna TeKyt.JCCTl1 (JT 

11 cnytiaHHOH cTarnLiecK0H ttarpy3KOH, xapaKTep11-

3yeMoi1 HanpH)KCHHCM CJ, nonytIHM 

Omax O'max 

PP = J PcrT ( crT) J Pcr ( CT )dcrdcrT. (8) 

BM.llHO, 4TO B 3TOM cny4ac nonyYeHO on11catt11e MO­

.nen11 A. P. P)KaHMUbIHa [2]. 
Ilp11 11CDOJlb30B3HJ1H 00.HCaHHOH BbIWe MeTOJJ.11-

KH pacY:eToB 6hrn pa3pa6ornH o.n11H 113 Mo.nynei:t npo­

rpaMMHoro KOMnrreKca TIH-1. l (Onpe.uenett11e aepo­

}ITHOCT11 p33pywCHJ1H, Te'-leH 11 .necpCKTOB o6opy.nosa­

HHH H TPY6onposo.nos A3C, om11M113aU11H HX ttep33-

pywa10mcro KOHTPOJI}I 11 TCXHH'lCCKOro o6cny)Kl1Ba­

HJ1H BO speMH 3KCnrryarnum1), npC.llH33HaYCHHblH JJ.Jljj 

pac':leTa sepoHTHOCTH pa3pywemui. O.n11H H3 pe3ynh­

TaTOB pac'-!eTa C 11C0OJlb30BaHHeM 3TOro MOJJ.YJJjj np11-

BC,UCH Hl1)KC )J.JIH cny'-laJI onpe.nenCHl1JI aepOHTHOCTl1 

p33pyWCHHH B 3a.na'fe P)KaHHI.(blHa [2]. 
CpaBHCHHC pe3yJibTaTOB pac'-!eTa no .l1.BYM MCTO­

.llHKaM npose.neM Ha np11Mepe pacYeTa CTaJlbHblX 

KOHCTPYKUHH. 



Pac11eT CTaJibHblX KOHCTpyrm,lfH no MeTOAY 

A. P. f,KaHHUblHa [2] 

B COOTBeTCTBHH C KOHuenu11eii .nonycKaeMoro 
Hanp.1D1<eHHo-.neq>opM11posaHHOrO COCTOHHHH ycno­
BHe npO'IHOCTH 3anHCb1BaeTC.s! B s11.ne 

[

HanpR:J1Cem1o-oe¢opMu-l 

poeaHHoe cocmoRHue ~ 

311eMeHma 

KOHCmpyKl,/UU 

OonycKaeMble 

8 3Kcn.,1yama11uu 

xapaKmepucmuKU 

nanpR:JICellNO-OecpopMU­

poeaHN020 cocmoRHUR 

IlpocTeiiumM np11MepoM TaKOro ycnosm1 MO)l(eT 
cny)l(l1Tb q>opMyna npO'IHOCTH paCDIHyTOro CTep)l(lli! 

N 
R=crnp-->0, 

F 
(9) 

r.11,e N - pacrnrnsammee yrnmIe; F - nnoma.nh ce'!e­

tt11..si cTep)l(mi; <Jnp - npe.11,en npoY.HOCTl1 MaTep11ana 
CTep)l(HH. 

B o6meM cnyqae HepaseHCTBO (9) MO)l(HO 3an11-
caTh s s11.11,e 

(10) 

npe,ncTaBnHIOT co6oli HeKOTOpbie 

pac'-!eTHbie sen111-111Hbl. 

Ka)l(.na.si 113 pac'leTHblX senl1'111H X1, Xz, ... , x,, MO­

)l(eT HMeTb HeKOTOpb1e OTKnOHeHl1.!I OT CBoero cpe.n­
Hero (0)1(11,llaeMoro) 3HaY.eHHH, 11 3Tl1 OTKilOHeHHH MO­
ryr 6bITb oxapaKTep113oBaHhI KaKoH-TO <f>YHKUHeii 

pacnpe.neneH11.si 11x Pr (x1 ,x2 , ... ,x,,), nonyqeHHOH 

CTaTl1CTl1'1eCKHM nyreM 11m1 Ha OCHOBaHl111 TeopenI­
'1eCKHX coo6pa)l(eHHH. OT 3TOH <f>YHKUHH MO)l(HO ne­
peiiT11 K Kp11BOH pacnpe.neneHH.s! R np11 IlOMOIUH 

q>opMynhl 

PR= J J 
(11 - I pll.3) 

(11) 

OcTaeTC.!I onpc.nenHTb BepO.!!THOCTb HeBblilOnHe­
HHH HepaseHCTBa (10), lil111 BCpO.!!THOCTb BblilOnHemrn 

ycnoBirn pa3pyruett11.11 

(12) 

3Ha.!I KpHBYIO PR' 3TO cnenaTb OY.eHh nerno. 

.UocTaTO'IHO TOilbKO npOHHTerp11posaTb ee OT MH.HYC 
6eCKOHeLJHOCTH .no Hyn.11, T. e. onpe.nen11Tb op.n11HaTy 
HHTerpanhHOH 1<p11soii pacnpc.nenett11.si R .nn.si 3HaY.e-
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HHH R = 0: 
0 

V = f PRdR = PR(0). (13) 

3.nech V 03Ha'laeT sepO.!!THOCTb pa3pyUieHl1.!I. 
B o6meM cnyi-rnc npo113somHo:i-i cpyttKu1111 pac­

npe,11,cnemrn r 11 q aep0.s!THOCTb pa3pyillCHl1.!I V MO)KCT 
6bITb onpe.nenetta no cpopMyne 

/1 R = f p ( R + q, q) dq ; 

0 0 00 

V=PR(0) = f PRdR= ff p(R+q,q)dqdR= 

oo r=q 

= J J p(r,q )drdq. (14) 

TaKHM o6pa30M, q>yHKUl1IO pacnpc.nenemrn 

p ( r. q) cnc,nyCT HHTerp11posaTb B nn0CKOCTH r, q no 

nnoma.n11, ne>Katucii Htt)Ke np.siMOH r = q. 
IlpaKTHLJCCKH 3TO c,11,enaTh HeTPY.llHO 'lttcneHHhIM 

nyreM, TaK KaK 3HaLJeHH.!I QlYHKUHH p(r,q) BO acex 

HanpasnCHH.!IX .llOBOflbHO 6hICTPO 3aTYXalOT. 
B cTanbHbJX KOHCTPYKUHHX ycnosHo 3a pa3py­

llJa10mee ttanpH)l{CH11e np11H11MalOT npenen Te1<yqecT11 

crT . .UonycKacMoe ttanp.si)Kett11e B KOHCTPYKUH.!IX [cr] 
onpe.nen.11eTCR K03q>qmu11eHTOM 3anaca npoLJHOCTH, 
KOTOpblH B pa3Hb!X HOpMaTl1BHbIX .llOKyMCHTax MO)KeT 
HMeTb pa3HOC 3Ha'!eHHe, HanpHMep, .nn.si CTanH MapKH 
CT. 3 np11H11Man11 ero paBHbIM 1400 Kr/CM

2
, a 3aTeM 

OHO 6binO nOBbtWeHO .no 1600 Kr/cM2. Tipc.nnonara­
nocb, '!TO B nepsoM cnyqae 06ecne'-!11sanc.11 3anac 
np0Y.HOCTH OTH0CHTenhH0 MHHHMMbHOro npc.ncna 
TeKyqecrn - 2200 KrlcM2, 

2200 2200 
--=l,57, a so BTopoM ---=l,37. 
1400 1600 

B on11caHH0M BhJWe no.nxo.ne Janae npO'-IHOCTH 
.non)KeH HCLJHCil.!!TbC.!I He 0TH0CHTenbHO M HHHManb­
H0ro, a 0THOCHTenbHO cpe.nttero 0)l(H.llaeMoro npc,11,e­
na TeKy'leCTH . .Un.11 onpe.nenemrn nocnenttero 6y,ncM 
HCX0,llHTb 113 cpaKTHY.CCKOH KpHBOH pacnpc.nenCHHH 
npe.nenos TeKy'-leCTH .nn.i:i CTMH MapKH CT. 3 (p11c. 1). 
O6pa6aTbIBaH 3TY 1<p11aym, nonyqaeM nm1 npe.nena 
TeKyLJCCTH 

ma = 2663 KTICM
2

; ~ = 284 Kr/CM
2 

. T v"'crT 

Ko3q><pHUHCHT sap11au1111 npc.nena TeKy'-!eCTH, TaKHM 
o6pa30M, paseH 

A = ~ = 
284 

= 0 106 . 
r T 2663 ' 



Km<jJcjmu11eHTbI 3anaca no OTHowem110 K 0)1(11-

.naeMoMy npc.ncny TeKyt1ccm 6y.nYT cocTaBJI.!!Tb 

.. 
al 
:,­
>, 
c:; 

" 0 

5 
:::: 
:r 

2663 = l 90 11 2663 = l 67 _ 

1400 ' 1600 ' 

2 4 6 8 IO 12 14 16 18 20 22 24 26 28 30 32 34 36 
Or, Kr/,1,11 

P11c. 1. KpHBrui pacnpe.nenemUJ npe,a.eJJoa TeKy4ec111 
cran11 MapK11 Cr. 3 

ilp11 3TOM .nonycKaCMOC HanpIDKCHl1C npHH11Ma­

eM 3a 0)1(11.IJ.aCMOe HanpH)l(CHl1C B onaCHOM CC4CH111I 

np11 3a.naHHOH Harpy3KC. 0.nttaKO paClfCT'i11KH 11Horna 

HCCKOJlbKO npCYBCJ111lfl1BaJOT Harpy3Kl1 H CCYCHIISI 

np11 npoeKT11posaH1111, 11 no3TOMY O)l(HJJ.aeMoc tta­

npR)l(CHHe 6y.neT HCCKOJlhKO MCHblllC. YlfCT 3TOro 

o6cTmITCJlbCTBa MO)KCT 6b1Tb c.nenaH Jll1Wb IIOC.'JC 

CTaTI1CTl1lfCCKOH o6pa60TKl1 cp1131llfCCKl1X onaCHblX 

HanpH.)KeHHH B KOHCTpyKLJ,IUIX. 

ilpHMCM K03cpcp11U11CHT sap1rn1..1,1111 Harpy3Kl1 

Aq = 0,100, T. e. np11MepHo TaKOH )KC, KaK 11 .nnH 

npo4HOCTl1 MaTep11aJ1a crT. KoppeAAU11lO Me)l{.ny tta­
rpy3KOH 11 npOlfHOCTblO 6y.neM C411TaTb paBHOH HY­

JllO. Tor.na xapaKTep11cT11K11 6c3onacttocT11 11 Bcpmn­

HOCTH pa3pywCH11$1. .l])UI 06011x paccMa-rpHB3CMblX 

CJJY43CB MO)l{HO onpc.ncm1Tb no cpopMynaM: 

np11 [crl = 1400 

1,90 - 1,0 4; V = 0,000032; 

np11 [crJ = 1600 

y= 
1
•
67

-l,O =3,3; V=0,00045. 

✓0,1062 -1,67
2 +o,i2 

0TClO)la cnc.nycT, 4TO IlOBbllllCHl1C .nonycKaCMblX 

HanpmKCHHtt Ha 200 KrlcM
2 

yscm1lfuno nAA naHHoro 

cny4a51 BCp051TIIOCTb pa3pyWCHllil np11Meptto B 14 pa3. 

0.nttaKO 3Ta BCp051THOCTb ace )KC OCTaJI3Cb .no­

CT3TOlfHO MaJIOH. ¢aKTl1lfCCK351 BCpOHTHOCTb pa3py­

U1CHIIR 6y.neT ell(e MCHbWC BCJIC.D.CTBIIC yKa3aHHOro 

BblillC YMCHbWeHl151 0)1(J1.[l3CMOro (pacYeTHOro) Ha-
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np51)1(eHl151 B onaCHOM CC'IeHl111 no cpaBHCHHIO C )J,0-

nycKaCMblM . 

,UaJ1ee MO)l(HO c.nenaTb BblBO.D. 0 TOM, 4TO np11 

paclfeTe c no.n6opoM ce4CHl1H .n11cnepc11H onacHoro 

HanpH)l(CHl151 6y,lJ,eT 60JlbWC. lfCM np11 npOBCpO'IHOM 

pac14CTC KOHCTµ)'KUMH. ,UettCTBl1TCJlbHO, B nepBOM 

cnyYac OTKJ10HCH11$1. ttanp51mCHl1H 3a811CHT HC TOJlbKO 

OT OTKJIOHCHIUI BHClllHCH Har PYJKl1 OT paClfCTHOH Be­

Jlll1ll1Hbl, KaK BO BTOpOM CJl)'!aC, HOH OT orpaH!1lfeH­

HOCTl1 accopT11MCHTa pa::ir.1cros ce•1CHl1H 3JICMCHTOB, 

KOTOpblC MO)l(CT Bb1611paTb KOHCTpynop. 

ilo3TOMY np11 pac'-!eTc c 110,.16opoM cclfeHJ1H 113-

MCH111rnocTb 6y.neT 6onbwe, 11 ,'lOnycKaCMhIC 1-ianpH­

,KCtnUI .D.OJI)l(Hhl 6bJTb Hl1)f(C (npH ycnOBl111, lfTO KOH­

CTpyKTop B paBHOH Mepc OTKJIOH51CTC51 OT .nonycKae­

MblX HanpH)KCHMH B o6c CTOpOHbl). 

Onpe,aeJieHHH BepoHTH0CTH pa3pyrneHHH 

1-:0HCTpyKUHH no npe,waraeMOJI MeT0,UHKC 

Kcnonb3YH nporpaMMHbiii KOMnneKc ilH-l. l [3], 

npOBOJlHJlCH pac'-!CT Ha OCHOB3Hl111 np11Mepa nmr pac­

'-ICTa CTaJibHbIX KOHc-rpyKU11H no Mern.ny A. P. P)Ka­

H11Ub1Ha (CM. BblWC). B pc1ynbTaTC npose.neHHbIX 

paClfCTOB 6bIJIH nony'-ICHbl BCp051THOCTH pa3pyuJCHl1H 

np11 BXO.D.HbJX .nattHbIX H3 np11111epa A. P. P)KaH11Ub1Ha. 

Pac'lem KE 1: 

crT = 2663 Kr/cM2
:::::: 266,3 Mila - cpe.D.HHH 0)Kl1-

)l3Cl\lblH npe.nen TeKy'-leCTtt; 

fji,
0 

= 284 Kr/cM2 
:::::: 28,4 Mila - cpe,nHCKBa.n-

T 

panl4CCKOC OTKJJOHCHl1C npe.nena TCKY'-ICCTM; 

cr = 1400Kr/cM2 
:::::: 140 MITa - cpe.nttee 3HalJCHHC 

Ha□pH)KeHH51; 

fji, a = 140 KrlcM 2 
:::::: 14 MITa - cpe.ntteKBanpa­

Tl1'ICCKoe OTJ(JlOHCHHe HanpH)l(C!-11151. 

Pac'lemM2: 

crT = 2663 KrlcM2
:::::: 266,3 MTTa - cpe)lHl1H 0)1(11-

.naeMblH npc.nen TeKylfecT11; 

fji,
0 

= 284 KrlcM
2

:::::: 28,4 MITa - cpe.n1-1eKsa.n-
r 

paTl1'lCCKOC OTKJIOHCHMC npe.nena TeKy'-ICCTtt; 

cr=l600Kr/cM2 ::::::160 Mila - cpe.n.Hee 3Ha4CHl1C 

Hanp51)KCH1rn; 

fji,
0 

= 160 1<r/cM2 
:::::: 16 MTTa - cpe.ntteKBa.npa­

T11YecKoc OTKJIOHCHl1C ttanpH)l(C!-11151. 

ilony'-l11n11 sepoHTHocT11 pa1pywe1rn.si np11 sapb-

11posattHH pa3Maxa pacnpe.neneHHH ttarpy3KH 11 npc­

.nena TeKyYccT11. 

JI 



Pac'lem M 1 

2✓JJ-cr 3✓JJ-cr 

2✓JJ- cr - -
T 

3✓JJ-cr - 2,2-10-s 
T 

4✓11.a 8,7· 10--0 l.9· 10-5 

T 

sJji,a 2,0· 10-5 3,0·10-5 

T 

6Jji,CJ 
T 

2,0-10-5 3,0· 10-5 

Pac'lem M 2 

2✓JJ-cr 3✓JJ- o 

2✓JJ-cr - -
T 

3✓JJ-cr 
T 

l ,0· 10-4 2,1·10-4 

4Jji,CJ 
T 

3,2· 10-4 4,8· 10-4 

sJji,a 
T 

3,4· 10-4 5,l · 10-4 

6Jji,CJ 
T 

3,4· 10-4 5,l · 10-4 

Pp 3 l · J0-2+--____ ..._.,_ ___ ...,....... ____ __. 4 5 6 

---

1-10-3 _ .............. 

1·10-4 

l ·I0-7.,_c _____________ ___. 

1-10-8~----------------' 

P11c. 2. BepOll1HOCTb paJpyweHl1ll KOHCTPYKIJ.Hl1 np1-1 
[cr] = 1400 

93 

4✓JJ-cr 5✓JJ-cr 6✓JJ-cr 

- 0,2-10-10 2,0· 10-9 

1,4·10-6 1,6·10-6 1,6-10-6 

2,2-10-5 2,2-10-5 2,2-10-5 

3,2-10-5 3,2-10-5 3,2-10-5 

3,2-10-5 3,3·10-5 3,3· 10-5 

4✓JJ-cr 5✓JJ- cr 6✓JJ-cr 

9,2· 10-6 l,l · 10-5 l,1·10-5 

2,4· 10-4 2,5· 10-4 2,5· 10-4 

5,2· 10-4 5,2·1U4 5,3· 10-4 

5,5· 10-4 5,5· 10-4 5,5· 10-4 

5,5· 10-4 5,5· 10-4 5,5· 10-4 

PHc. 3. BepollTHOCTb paJpyweHl1ll KOHCTPYKIJ.IDI npH 
[cr] = 1600 



Ilony•urn11 np11 )lonycKaCMbIX Hanp$l)l(CHH$lX 

a KOHCTJ)YKJJ.H$lX [o] = 1400 BepO$lTHOCTb pa3pywe­

HHli pp = 3,3-10-5 
11 np11 [o] = 1600 sepoUHOCTb 

pa3pyweHH$l PP = 5,5· 10-4. Ilony'ICHHbJe sepO$lTHO­

CTl1 6JIJ13Kl1. K pC3YJibTaTaM, nonylfeHHblM no MCTO,nl-1-

Ke A. P . P)KaHJ-11.(b1Ha (oTMe'!eHbI KpecT11KoM Ha 

p11c. 2, 3), He60JibWOC paCXO)K)lCHl1C CB$l3aHO C BO3-

MO)l(HbJM pa3Jil1'U1CM Bb16opa cpe)lHCKBa)lpaTH'IHOro 

OTKJIOHCHHjj BO BTOpOM cny'!ae 11 norpCWHOCTblO 

KOMnbIOTepttoro pac'-!ern (nporpaMMa ITH-1.1) 11 pac­

'-!eTa C 11CnOJib3OBaH11CM Ta6JIH'-!HbIX 3Ha'-!CHHH [2]. 
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3KcrrepHMeHT3JlhHhle pa6oThl rro HeHTpOHHblM xapaKTepnCTHKaM 

rrpOCThIX KpHTHqecKHX c6opoK, 

BbllIOJIHeHHhle BO BHHH3<1> BO BTOpou IIOJIOBHHe 50-x rO,LJ;OB npowJioro BeKa 

Y,n;K 621.039.51 

HEHTPOHHhlE XAPAKTEPMCTMKH KPMTlflIECKMX CliOPOK 
113 235U (89,6 % ) " 239 Pu liE3 OTPA)KA TEJIEH* 

A. A. Mamuurnu, B. A. ,l(aBH,!J,eHI\'.O, B. Cl>. Konecos, M. H. KyuwuuoB, Ii. ,n:. Cuu6opcKHH 

<DrYO «P<I>.SW,-BfllU13<D», 607188, r. CapoB HIDKeropo.n.cKoi1 o6n. 

Opirne.ueHbl pe3yJU:,TaTbl 11ccne.11osamu1 npocTJ)aHCTBeHHo-::JHepreTH'ieCKHX pacnpe.uenemu\ tteHTJ)OHOB 11 noJIBh!X 
q11cen peaKu1111 .IIJUI ccpep11<1ecK11x Kp11rn'iecK11x l:6opoK 113 :•;u (89,6 %) 11 239Pu 6e3 OTJ)aJKaTe11ei1. Mccne.11oaatt11e npoae­
.ueHo Ha OCHOBC H3MepeHnJI llJlOTHOCTeH 11 J!pcpeKTl18HblX Ce'-!eHHH pa3Jlli'-lHblX :rnepro'iyaCTBl1TeJibHb!X peaKUKH, )IJUI 

KOTOpblX C xopowei-i TO'-!HOCTblO 113BeCTeH XO)] Ce'ieHHii B JaBHCHMOCTH OT 3Hepnrn MOHOXpOMaT11'ieCK11X HeHTJ)OHOB. 
11cflOJlb30Banl1Cb peaKU1111 )leJieHJtll 235U, 233U, 238U, 239Pu. 24(/Pu. mNp, 232Th li peaxu1111 32S (np), 238U (11211), 232Th (11211), 
238U (11-y). 197 Au (n-y). 6L i (n-a). '0B (n-a). Op11ae.11eHhl TaK)Ke HeKoTOpb1e noKanhHbJe 11 cpe.11tt11e .llJUI ecei:i aKTHBHOH 30HbJ 
HHTerpam,Hble cneKTJ)aJlbHble xapaKTepHCTHKH HeHTJ)OHOB. 

KnlO'ICBLIC CJIOBa: Kp11Tl14eCKl1e c6opK11, HeihpoHHble xapaKTep11CT11KH Kp11TH4eCKHX c6opoK, ypaH-235, nnyro­
HIDi-239, ce'ieHW! N,lepHblX peaml1i1, cneKTJ) HeHTJ)OHOB. )Heprn4yBCTBHTeJJbHbJe peaK1U111, MeT0.11 BOCCT3HOBJieHWI cneKTJ)a. 

NEUTRON CHARACTERISTICS OF CRITICAL ASSEMBLIES MADE OF 235U (89.6 %) AND 239Pu 
WITHOUT REFLECTORS / A. A. MALINKIN, V. A. DA VIDENKO, V. F. KOLESOV, M. I. KUVSHINOV, 
B. D. STCIBORSKI // The article presents results of studying of energy-spatial neutron distributions and total reaction num­
bers for spherical critical assemblies made of 235U (89.6 1h) and mPu without reflectors. The study was performed on the basis 
of measurement of densities and efficient cross-sections of different energy-sensitive reactions for which a dependence of cross­
sections on energy of monochromatic neutrons is known with good precision. There were used fission reactions of 235U, 233U, 
238U, 239Pu, 240Pu, 237Np, 232Th and reactions of 32S(np), 238U(11211), 231'h(11211), 238U(11-y), 197 Au(11-y), 6Li(n-a), 10B(n-a). Some 
local and average (for the entire core) integral spectral neutron characteristics are also reported. 

Key words: critical assemblies, neutron characteristics of critical assemblies, uranium-235, plutonium-239, nuclear re­
actions cross-sections, neutron spectrum, energy sensitive reactions, spectrum recovery method. 

BBe,!J,euue 

J.1ccnc.n.osaHHIO CBOHCTB npOCThIX Kp11Tl1'ieCKl1X 

c6opoK Ha 6hIC'f!JblX HCH'f!JOHax □OCBHll.(eH PH.ll pa-

6oT, Bh1□0J1HCHHhrx B CWA [l , 2]. 3Kc□ep11MeHTaJ1b­
HhIC 11ccne.nosaHIDI npOCTbIX Kp11Tl1'iCCKl1X c6opoK 

npe,D.CTaBJUliOT 3Ha'iJffeJlbHhlH 11HTCpec np11 pa3pa-

6oTKC peaKTOpOB Ha 6bIC'f!JbIX HCH'f!JOHax (nposepKa 

MeTO,ll.HK pac'ICTa 11 11C□Onb3YCMhlX B Hl1X }l,D.epHblX 

KOHCT8HT). B H8CT0111.l..(CH pa6oTe npHBO.LVITC'1 pe3yJlb­

T8Tbl 11ccne.n.0B8HIDI npoc-rpaHCTBCHHo-:rnepreTH'iCC­

KHX pacnpe.neneHHH HCHTpOHOB 11 nonHhlX 'IHCen pe­

aKU.1111 ,ll.Jl}l ccpep11LJeCKl1X KpHT.H'iCCK.HX c6opoK 113 
235U (89,6 %) H 

239Pu 6eJ orpa)l(aTcnci1. 

flpoc-rpaHcTBeHH0-3Heprern'ieCKHe pacnpe.n.ene­

Hl1» Hett-rpOHOB 11CCJ1C,ll.OBaJTJ1Cb C □OMOll.(b!O 113Mepe­

HIDI nJIOTHOCTCH H 3cpcpeKTl1BHbIX ce<JeHl1H pa:rn11.'i­

Hb!X 3Hepro'l)'BCTBlffenhHblX peaKU.HH, )J,J]H KOTOpblX 

C xopomei1 TO'iHOCTblO 113BCCTCH xo.n. CC'ICHIDI B 3aBH­

CI1MOCTH OT 3HeprH11 MOHOXpoMaTH'ICCKl1X Hei1-rpo­

HOB. B Ka'iecrne T8Kl1X peaKUJfH HCilOJlb30BaJ1HCb pe-

8Kll.1111 .nenemrn 
235U, 233U, 238U, 239Pu, 240Pu, 237

Np, 
232Th 11 peaKU.HH 

32S(np), 238U(n2n), 231'h(n2n), 
238U(n-y), 197 Au(n-y), 6Li(n-y), 10B(n-a). 

HeKOTOpble HJ nepe'iHCJlCHHbIX peaKU,1111 npOHC­

XO.ll,H B caMl1X Kp11Tl1'1CCKHX c6opKax. J.13MCpeHHbIC 

.nJUI HHX pacnpe.nenemrn 11cnonbJOBaJ1HCb .D.JUI onpe-

• CrnTb.si Han11ca11a no pa6oTe, BbULOJlHeHHoii B 1957- 1958 rr. 
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.uenemrn nom1h1x •mcen peaKU11i1 11 6anaHca Hei1rpo­
HOB a c6opKax. 

Hccrre.uyeMbJe Kp11TJ1l!eCK!1e c6opKH COCTaBn.si­

JIHCI, H3 no11yccpep11YeCKl1X CJIOeB TOJllll11HOH 7-8 MM. 

C6opKa 113 o6orawcHttoro ypaHa KC-1 o6wei1 Mac­

coi1 58,40 Kr 11 cpe.1.1.HeH no 06beMy nnOTHOCTblO 

18,20 r/cM
3 

co.uep)Kana (no Macce) 89,6 % 235U 

11 10,4 % 238
U. 0Ha HMena ueHTpaJihHYIO nonOCTh 

pa.u11ycoM 10,00 MM; BHCWHl1H pa.u11yc 91,5 MM. 

C6opKa 113 nny-romui KC-2 o6wdi Maccoj:j 19,34 Kr 

H cpe.u11ei-i no OfrhCMy nnOTHOCThlO 15,02 r/cM3 co­
.uep)Kana (no Macce) 95,3 % 239Pu, 1,7 % :!-IOPu, 

1,236 % Ni 11 1,8 % 6annaCTHhIX np11Mecei1. C6opKa 

HMeJia ueHrpanbllyJO nonOCTb pa,1111ycoM 14 MM; 
BHewm1i1 pa.u11yc 67,5 MM. 

,ll,llil npoae.uett11J1 H3McpeH11n a11yrp11 ai...'"THBHhtX 

30H 11MCJil1Cb 113Mep11TCnhHhie KaHaJihI Ll,l,taMeTpOM 

22 MM, KOTOpb1e MO)K.J-10 6hin0 3aKJia.ll,bIBaTI, cneu11-

aJihHblMM BKna,UbllU8Ml1 113 MaTcp11ana aKTMBHhlX 30H. 

IlpoCTpaHCTBeHllble pacnpe,ll;CJlCHHH 

OJlOTHOCTCH peaKUHH H llOTOKa HeiiTpOHOB 

I1noTHOCTl1 BCCX pcaKl.(HH nencHH.s!, a Tal()Ke pc­

aKl.(11H 
6Li(na) 11 

10B(na) H3Mep.sim1cb Manora6ap11T­

HhtM11 l10Hl13al.(l10HHhlMl1 KaMepaM11, 11Me!OWIIMl1 cpop­

MY n11cKa .u11aMerpoM 14-18 MM 11 rnnw111wi-i 2-3 MM. 

Ka)l(,Ua.s! KaMepa co.uep)Kana CJIOH 11HLl,l1K8TOpHh!X BC­

WCCTB o6mei-i Maccoi1 OT 0 , 1 no 2 Mr. Oum6Ka a on-

pe.ucnemrn KOnttYCCTBa BCll.(CCTBa B CJIO.s!X COCTaBJJ.s!­

Jia .n.m1 pa3Jil1'1Hb!X KaMcp OT 2 .ll,O 7 %. 
Pacnpe.ucneH11.s1 nnoTHOCTei1 peaKu11i1 238U(ny), 

197 
Au(ny), 32S(np), !3

8U(n2n), 23~h(n2n) 113Mep.sim1cb 

MCTOLl,OM 3KTl1B3l.(1111. Ilocnc o6nyYCHH.s! H3Mep»JJl1Cb 

P-aKTHBHocrn 239Np. 198Au, 237U 11 231Th. Bo acex cny­

Ya.six, 33 11CKJIIOYCHHCM 30JIOTa, np116eran11 K MCTOJ.J.y 

pan11ox.11M11'1eCKOH OYl1CTKl1 OT npO.UYKTOB conyrcT­

By!Oll.(HX peaKUMH 11 OT JlOYepHHX npOJlYKTOB CCTCCT­
BeHHOro pacna.D,a HCXO,UHOro BClljCCTBa. A6cOJJIOTHblM 

P-cYeT ocymecTBJI.s!Jlc» c noMOll.(blO 4n:-c4CT'IMKOB. 

I1p11 npoae.1.1.eH11H H3MepeH11i1 KaMepbt 11JIH o6pa3-

Uhl 11H,Ul1K3TOpHblX BCWCCTB yCTaHaBJIHBaJil1Ch B pa3-

Jll1'1HblX TO'IKax no pa.unycy B BCpT11KaJibHOM 113Mep11-

TCJlbHOM KaHarre, KOTOphlH 3aKJJa.ll,bJBanc.si BKn8.D,bJWa­

Ml1 113 MaTepHana aKTHBHOH 30Hbl. J13MepHCMhlC nnoT­
HOCTl1 peaKl.(HH HOpMupOBaJil!Cb Ha OLl,11H aTOM H30TO­

na 11 Ha o.u11H Hei1rpoH yreYKH 113 c6opKH. IloTOK HCH­

TpOHOB 113 c6opoK 113Mep.s!JIC.s! C nOMOlllhlO «JlJJHHHblX 
CYCT'-IHKOB» C T0':11:fOCTblO 3.5-4 % . 

Pe3yJlbTaTbJ 113MCpCHl1H npC.D,CTaBJJCHbl Ha p11c. 1, 2. 

KaK B11JlHO 113 p11c. 1, 2, pacnpe.uerremui nnoTHOCTei-i 

cneKipa ttei-irpoHOB no pan11ycy. B 06e11x c6opKax 
l1MCeT MCCTO Jll1Wb He6onhWOe y')KCCTO'iCHHe cneKrpa 

no 1rnnpaBnCH11IO OT UCH1J)8 K rpaHHUC c6opoK. TaK 
v v 238U( ,/.\ ~J9n ( ,/.\ OTHOUJCHHC nnOTHOCTel1 peaKU.1111 11.1 J H . l'll l!J J, 

V ('.!38U)/ (~,9n ) paauoc OTHOWeHHIO CCYCHHH cr1 a1 - ru 11 xapaI<-

Tep113YIOWee .uomo )KCCTKOH 'iaCTH cncKrpa HCHTpo-

110B, Ha rpaHuue c6opoK Ha 8-9 % 6onhllle, YeM 

B l.(CHTpC. 
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PHc. l. Pacnpe.ueneHHe 11J1ornocTeli peaKUHH no pa.neycy 
c6opK11 KC-I: l - 233U(,if); 2 - 239Pu(,if); 3 - 235U(11./); 
4 - 240Pu (11/); 5 - 237Np(,if); 6 - 6Li(na); 7 - 10B(na); 
8 - 238U(,if); 9 - 197Au(11y); 10 - 238U(11y); 11 - 232Th(11/); 

12 - 32S(np); 13 - 238U(11211); 14 - 232Th(n211) 

J13 p11cyttKOB Bl1JlHO Tal()Ke, YTO pacnpe,neJICHl1JI 

nnoTHOCTei1 peaKu11i1 MMCIOT He6onbwoi1 npoaan 

B ueHTpaJihHOH flOJJOCTH, CBR33HHblH C YMCHbWCHHCM 
nOTOKa HeHTpOHOB B :>TOM MCCTC. 

Pacnpe.ueneH11e nonHoro noToKa Hei-irpoHOB 

B c6opKax Haxo.u11noch no pacnpe.ucneHHJO ill!OTHO­

CTH Ll,CJICHHH 239Pu nocnc BBCLl,CHH.s! He6onbWOH no-
'39 • npaBKl1 Ha !!3MCHCHHe cr, c- Pu) no pa.u11ycy . 3TO 

pacnpe.ue11eH11e noToKa f; (r) y.uoaneTBop11Ten1,Ho 

Onl1CbJBaCTCH OJlHOrpynnoBOH g>opMyJIOH 

sin Kr 
q,(r)= A--. 

Kr 

Tipu K{kc - 1) = 0,28 CM-I K(kc-2)= 0,35 CM-1. 

( I) 

a u 6 • ,w PaJJJHYHblX pe KU.1111 11MCIOT np11 JJH311TCJibHO OJ.J.11Ha- 8 uccne.nyeMblX c6opKax a1<-· Pu) UJMCHJICTCH no 
KOBhJH xo.u. 3TO roaop11T O paBHOBeCHOM xapaKTepe pa.n11ycy He 6onee 4CM Ha 2 I¼--. 
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PHc. 2. Pacupe.neneHHe nnornocTeH peaKUIIH no pa.nwycy 
c6opKH KC-2: l - 233U(11.f); 2 - 239Pu(,if): 3 - 235U(n.f); 
4 - 2"°Pu (11.f): 5 - 237Np(n.f); 6 - 6Li(na): 7 - 10B(na); 
8 - 238U(,if); 9 - 197Au(11y); 10 - 238U(ny); 11 - 232Th(11.f); 

12 - 32S(np); 13 - 238U(n2n); 14 - 232Th(n211) 

3cJ>cJ>eKTHBHhle CelfeHHH peaK~HH 

TTpHMble 113MepeHtUI Ce'-leHHH npOM3B0.[ll1Ill1Cb Ha 

HettTJ)OHax yre'-IKH .[lJUI 6onbWHHCTBa pcaKUHH .ncne­

HHJI. ,UnH JTOH uen11 11cnonb3osan11cb xopowo oTKa­

n116poBaHHhJe .nen11TenbHb1e KaMephl, MaCCbl ,nenH-

11.(HXCJI cnoes KOTOpblX 6blnl1 113BeCTHhl C TO'-IHOCTblO 

2-3%. TToTOK HefiTpOHOB yre'-IK11 113Mep.11nc.11 C no­

MOll.{blO «,nnMHHhlX C'-leT'-111KOB>> nyreM cpaBHCHHH C 

nOTOKOM OT )TanOHHoro 11CTO'i1111Ka, MOll.{HOCTb KO­

Toporo 6bina 113BeCTHa C TO'-IHOCThlO ± 3 %. 
CCL(CHH.11 Ha Hel!TJ)OH8X YfC'-IKH .nn.11 OCTanbHhlX 

peaKu11i1, a TaK)l(e cel!eH11J1 scex peaKu11i1 ,nn.11 BHyr­

petttt11x TO'iCK c6opoK CT1 (r) , onpe,nenJ1n11ch 113 cooT­

Howett11i1 

(2) 

3TH Ce'-!CHIIJI cpaBH11B8IOTC.II C CCLICIIH.IIMH ,l.l,m l UCHTJ)8 

aMepMKaHCKMX c6opOK «Godiva» (
235U - 94 % ) 11 

«Jezebel» {239
Pu) [I, 2J, 6JIH3KHX no cocraay c 6 opKaM 

KC-1, KC-2. B rn6n11ue np11ao,L1,.11TCH T8K)l(e 3Hattett11.11 

Ce'ieHHH, nonyYeHHhle ocpe,nHeHHCM xo.na )IlCMCH­

TapHhIX CC'iCH11H CT; (£) [3] no CflCKTJJY neneHH.11 
235U 

H - Pu np1rn.11To Ns ( E) = aSh-- e 1
·
1 

. ~39 ( ✓2£ -~J 
1, l 

KaK a11,nHo H3 ra6n. I. JKcnep11MettranhHhie ce­

'-ICHH.11 3H8'iHTCilhHO OTilH'iafOTC.11 OT ocpe,nHeHHhlX. 

3TO CBM,nerenhCTBYt!T O cymecTBeHHOM CMJff'-ICHHM 

cneKTJ)a s wapax 113 
235U (89,6 %) 11 

239
Pu no cpaaHe­

HHfO co CIJeKTJ)aMH ,neJICHJ,UI. 

CneKTpaJibllble xapaKTepHCTHKH 

113MepeHHhle CC'-ICI-111.11 peaKr.tHH 11CflOJih30BanHCb 

llJIH nocTpOeHH.11 HeHTJ)OHHhlX Cl1CKTJ)OB. IlOCTJ)OCHHC 

np0113B0,ll.11JIOCh C nOMOlllhlO .D.Byx MCTO.[lOB, np11B0-

ll511UHX K COBIJ8ll8l01UHM B npc,nenax ow1160K pc3ynh­

T8T8M. 

TTepBblli MeTo.n - MCTO,n nocne,noBaTeJihHhfX 

np116JIM)l(ett11i1 - npc,nnonaraer 11epsoHa'ianbHOe no­

CTJJOCHHe cneKTJ)anhHOH r11cTorpaMMbl no CC'-leHH.IIM 

noporoBblX 11H,ll.HKaTopoB, a 3aTeM - ITO rncrorpaMMC 

np116nmKeHHOfO MOHOTOHHOro cnCKTJ)8. I1p116n11-

)l(eHHblli CIJeKTJ) IlO)],Bepranc.11 MHOrDKpaTHOH KOp­

peKrnpOBKe, B npoueccc KOTOpOH np0113B0llHnOCh 

cpaBHCI-IHe scex 113MepcHHhIX CC'iCHHH C COOTBCTCT­

BYfOI.J..(11MH Ce'ieHHJIMl1, nOilYl!CHHblMH ocpe,nHeHHeM 

xo.na CTJ (E) no no.n611paeM0My cneKTPY· 

Bropoii Mero.n npennonaraeT aHan11rnqecKoe 

npencTasneHHC 11CKOMOro cneKTJ)a B B11lle cyMMbl 

HCCKOJibKMX rpynn 11 11p11MCHe1111e .nn.11 ypaBHOBClUH­

B8Hl1.II 3THX rpynn MCTO,na Hal1MCHblUl1X KBanpaTOB. 

TTpH 11cnon1,3osatt1111 JTOro Mero.na 11cKOMhltt cneKTP 

HCHTJ)OHOB npe,ncTaBJI.IIIlCJI B B11llC C)'MMbl YeTblpCX 

rpynn 

E E E - --
N ( E) = C1 Ee0·

05 + C2 Ee 0
·
15 + C3Ee 71 + 

£ 

r.ne a1(r)/a..g (r) - OTHOWeH11e nnOTHOCTH 
239

Pu pe- + C4Sh ✓2E e- TJ ' (3) 
. ~ 

8KU1111 ] K nnOTHOCTI1 .neneHH.11 Pu B TO'-!Ke r, (JS ( r) -

CC'-ICHl1C peaKUHII nenCl-11151 
239

Pu B TOH )KC T0'1KC. r.ne nepBbte TJ)l1 '-IJICHa OIJl1Cbl8810T CflCKTJ) Heynpyro 

Pe3ynhT8Tbl H3MepeHII.II Ce'ieHl1H llil.11 UCHrpa pacce.llHHblX HCHTJ)OHOB, '1CTBCpTblH - cneKTJ) Heii-

11 rpam11..1,b1 c6opoK KC- I 11 K C-2 np1rne.ncttb1 a rn6n. l. TJJOHOB .nencHHH. 
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Ta6m11-1a l 

3cj)cj)eKrnBHhJC ce4CHttJI peaKuai1 B KC-l 11 KC-2 

Ce'-!em1e peaKUHH, 6 
Ow116Ka KC-1 KC-2 Cneh."Tf) 
HJMepe- «Godiva» 

PeaKUHJl 
HJ,IH ,llJUI fpa- fpaHII- mu CrreK-rp ne- «Jezebel>) nene-

UeHTp Uetti-p neHIUI 2:ISU 239pu HIHI 
KC-1. -94 % 1-rnua ua 239pu 

KC-2. % 
mu(nf) 5 2.18 2,18 2.14 2.14 - 1.97 - 1,97 
mPu(11/) 4 1.84 1,86 1.86 J.89 1,84 1.88 J.93 1,89 

235U(1!/) 4-5 1.27 1,28 1.29 1.31 
1.30 1.29 

1,30 
J.29 

( flPl•IJUITO) (nPHH51TO) 
L4Vpu(nf) 6-7 1,03 1,09 1.22 1.29 - 1.26 - 1,29 
'""Np(11/) 4-5 0.96 1,03 1,14 1.19 1,02 1.20 1.20 1,23 
"'

0U(11f) 5 0.201 0,224 0,260 0.286 0,200 0.314 0,261 0,336 
lj1'h(11/) 6-7 0,0483 0,0528 0,065 0,073 - 0.076 - 0,081 
z41Am(11/J 8 - 1,22 - 1,54 - - - -
mPu(11f) 8 - - - 1.45 - - - -
mU(11y) 7-10 0.096 0,097 0,086 0.084 0,099 0,078 - 0,072 
l97Au(11y) 7 0.145 0,135 0,129 0.122 0,122 0,095 0,10 0,090 
32S(np) 8-10 0.045 0,051 0,061 0,070 0.048 0.075 - 0,085 
ljOU(11211) 10-12 0.012 0.0135 0.0168 0.0194 - 0,0154 - 0,020 
mTh(11211) 10-12 0,0084 0,0104 0,013~ 0.0154 - - - -
6Li(11a) 8-9 0,67 0,66 0,51 
10B(na) 10 0.62 0,61 0,49 

TiapaMerpbl Ti, TJ np11H11Man11ch paBHblMH 11x 

3Ha'-ICHl1JIM )lfljl JJICMCHTapHbIX npoueccoB [4, 5. 7J 
(llnR 

139
Pu T1 = 0,4 MJB, T_r = 1,03 MJB; nnsi 239

Pu 

T 1 = 0,5 MJB, T_r = 1,08 MJB). nanee nnR Ka)f()lOH pc­

aKu1111 «j» COCTaBnJ!IlOCb ycnOBHOe ypaBHeHHe 

00 

J cr1(E)N(E)dE-cr1 =ti1 , 
0 

rne <Jj - 3KCOCp11MCHTaJlbHOC ce'!eHtte, ti) - HCBJl3Ka. 

KoJq>cj)11u11eHThI C; onpenenRnttch 113 ypaBHCHHH 

l1Jll1 

Bb1pa)KCHI1e (3) )lOCTaTOlJHO non Ho BKillO'-laCT 

B ce6JI 3apaHee HJBCCTHblC )laHHhlC O cj)opMe cneKrpa 

s c6opKax, s KOTOpblX OCHOBHYIO ponb s cneKrpoo6-

pa:msaHJ111 11rpa10T npoueccb1 neneH11.S1 11 Heynpyroro 

paCCCJIHHJI. TO'-iHOCTh on11camrn cneKrpOB Bhrpa)KC­

HtteM (3) oueHl1BaJlaCb 113 cpasHeHH.SI cncKrpOB YTC'-1-

KH, HJMepeHHbIX npRMhIM cnoco6oM, c HX OflTHMaJlb­

HblM npe)lCTaBilCHHCM Bhlpa)KCHHeM (3). ,z:i:fijl £ > 
> 0,04 MJB HCTOlfHOCTb om1camrn He npesbrwa­

eT 10 %. 

0,50 - 0,40 - 0,38 

0,48 - 0,44 - 0,43 
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MeTO)l Il03BOn.SleT TaK)Ke HaXO)ll1Tb no1my10 

ourn6Ky B cneKTpax, onpe,,'leMeMyio ow116KaM11 se-

nwurn O'j , (J j (E) 11 HeTO'-IHOCThlO on11cam1J1 Bblpa­

)KCHHCM (3). Pac'-!CThl noKaJaJJH, 'ITO )lllJI OCHOBHOM 

lfaCTl1 11ccneJ].yeMblX cneKTpOB nonHaR OllIH6Ka co­

CTaBilJleT 5-20 %. 
3aMCTl1M, '-!TO napaMerp TJ a (3) MO)l(eT 6bJTh 

ttai:i,ueH BMCCTe C KOJcpcj)11u11eHTaM11 C; KaK HCl13BCCT­

HblH napaMerp no MCTOllY HaHMCHhWHX KBanpaTOB. 

OnttaKo o6bI'-IHO JTOT napaMerp onpcnenReTCR 6onee 

npOCTblM cnoco6oM - no nocTpOCHHhlM MeTO)lOM no­

cne,uosaTenbHblX npu6m-t)f(eH11i1 cneKrpaM 11n11 no 

OTHOWeHHJIM ce'!CHHH noporoBb]X 11H)ll1KaTopoB. 

Ilo nocrpoeHHbIM cneKrpaM nony'-ICHbl HCKOTO­

pble 11HTerpanbHhle cncKrpaJihHble xapaKTep11CTl1K11: 

1) cpe,UHSISI no noTOKY HeHTpOHOB :meprnR 

2) cpe)lHJIJI no IlJIOTHOCTH HCHYpOHOB nOKaJlbHa.SI 

CKOpOCTb 

v = j v11(E)dE /j 11( E)dE = 
0 / 0 

= j N( E)dE /7 ~N( E)dE; 
o I o" 



3) cpe,nHlU! no nnOTHOCTH HeMTJ)OHOB 11 no o6be­

MY c6opKH CKOpOCTh 

v == f g(r)ql(r)dV/f ~ g(r)cp2 (r )dV, 
v v v(r) 

4n f (-) * (-) -r.nc g(r) = -
2
- <I> Q <I> Q dQ - q>yHKl.(HH am1-

cp (r) Q 

30TJ)OnHH nOTOKa [l]. cf>yttKUlill g(r) paCC'-IHThIBanach 

Ha OCHOBe q11cneHHOrO pelUCHHH onHOCKOpOCTHOrO 

KHHen1qecKoro ypaBHCHHH. Ben11Y11Mh1 v 11 v HBnH­

JOTCH Ba:>KHhIMH xapaKTCpHCTHKaM11 npouecca p83-

MH0)KCHl1H He.H.TpOHOB. Ha p11c. 3. ➔ 11pHB0,'.1.HTCH rnc­

TorpaMMhI H cneKTphl HCHTJ)OHOB B UCHT!)C 11 Ha rpa­

mme KC-1 11 KC-2, a TaK:>Ke cncKTpL1 .ucncHHH 235U 
11 

239Pu. B Ta6n. 2 ,naHLr 11HTerpaJ1LHhlC cneKTpanbHbie 

0,9 3 

0,8 

0,7 -

0.6 

Gj' 
~ 

0,5 

0,4 

0,3 

0,2 

0,1 

0 2 3 

xapaKTep11cTHKH .llflH ueHTpa KC-1, KC-2 11 .llflH cneK­

Tpos .nencHHH 
235U 11 

239Pu. Ha116onee aeposITHaH 

3HCprnH B cneKTpax c6opoK ne)l<11T B 06nacT11 

0,2 M:>B, sMecTO 0,7 M3B ,nllil cneKTpa .nencmui. 

3Ha'-leH11e senH'-IHH E, v B c6opKax KC-1 11 KC-2 Ha 

20-35 % MCHhWe COOTBCTCTBYJOll.(HX 3H8YCHHH ,llflH 

cneKTpa .ueneHHH. TTp11 3TOM, O,nttaKo, ycrattoBJleHo, YTO 

cpopMa :>KCCTKOH qacrn cneKTpOB (sh11Ue 2,5-3 M3B) 

11 napaMeTp TJ Jlllil KC-1 H KC-2 He OTillf'JaIOTCH OT 

TaKOBhlX .n.n.:1 cneKTpa .ncneHHH. no cpaBHCHHIO co 

cnCKTJ)OM .n.eneHHH HaH6onee CHilhHO CMMYeH cneKTp 

HeihpoHoB B KC-1. 3m CBH3aHo c TeM, '-!TO p83MephI 

c6opK11 KC-1 6onLwe p83MepoB KC-2 H ccqcmie He­

ynpyroro pacceHHHH 
235U 3H8'-lJ1TenhHO npeBOCXO.lll1T 

ceqeHHe ~39Pu. 

4 s 6 
£.MJB 

P11c. 3. CneK-rp HeH-rpottos s uett-rpe 11 tta rpatt11ue c6opKH KC-1: 1 - cneKTJ} Hei1-rpoHoa .ue11eHHJ1 235U; 
2 - cneKTJ} udhpottoa Ha rpaHHUe KC-1; 3 - cneKTJ} HCHTJ)OHOB s ueHTpe KC-1. 

rwcrnrpaMMht: - - rpailllua KC- l: - - - - uett-rp KC-1 

Ta6nm.ta 2 
HHTerpanbHble xapaKTepHCTHKH cneKTJ)OB 

CneKTJ)aJib- KC-1 KC-2 CneKTJ} 
CneKTJ} .ueneHHH 

Hbte xapaKTe-
Ue1rrp fpaHHUa Uett-rp fpa1rnua 

,neneHHH 239Pu 
PHCTHKII 2Jsu 

£,MJB 1,4±0,l l,49 ± 0,1 1,70 ± 0,12 1,8 1 ± 0,12 2,10 2,38 
v · 101

, cM!c 107 ±7 113 ± 8 124 ± 8 130±8 141 155 

Cr 0,59 ± 0,05 0.65 ± 0,06 0,76 ± 0,07 0.84 ± 0,08 l l 
C,,/Cr 0.69 ± 0,06 0,54 ± 0,05 0,32 ± 0,03 0,19 ± 0,02 - -
Tr, MJB l,02 + 0,05 1,03 ± 0,05 1,08 ± 0.05 l,08 ± 0,05 1,00 1,06 
1• · 107

• cM/c l.09 + 8 125 + 9 
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0,8 

0,7 

0.6 3 

0,5 

ki' 0,4 
~ 

0,3 

0.2 

0, I 

0 2 3 4 s 6 
£, MJB 

P11c. 4. CneKTJJ He»-rpoHoB a ueH-rpe 11 Ha rpaH11ue c6opK11 KC-2: 1 - cneKTp He»11)0HOB .nenemiJI 
2
'9ru 

✓2£ - -
( £] N(E) = ASh--e I.I ; 2 - cneKTp ttew-rpottos Ha rpam1ue KC-2; 3 - cneKTp Hett-rp0HOB B uett-rpe KC-2. 

L...J 1, I 

r11cTorpaMMb1: - - rpatt11ua KC-2; - - - - uett-rp KC-2 

IloJJHble 11HCJJ3 peaKl.(HH H 6aJJaHC uenTp0H0B 

IToJIHLie 'iHCJia peaKu1111 B c6opKax onpe.uem1-

JIHCh nyrcM 11HTCrpHpOBaHH11 no BCCMY o6beMy pac­

npe)l,CJICHHH IlJIOTHOCTCH peaKU11H, 11MClOUll1X MCCTO 

n caMHX c6opKax. Ih BCCX npOHCXO,!lRllll1X n c6opKax 

peaKU11H HaMH HC H3MCpIDiaCb peaKUIUI (ny) Ha mu H 
239

Pu. PoJih )THX npoueccoB OUCHHBaJiaCb no .uaHHbIM 

113MepeHHR CC'ieHHH (ny) Ha MOHOxpoMaTH'iCCKHX 

HeihpoHaX (4), a TaK)KC no pe3yJihTaTaM 113MepeHHR 

BCJIH'iHHhI crc / cr.r B 6LrcrpoM peaKTope EBR-1 [ 6). 

B Ta6JI. 3 □p11B0,!lHC11 OTHOCl1TCJibHblC 3Ha'!CH1111 

yre'!KH HCHTPOHOB 11 □OJIHbIX 'iMCeJI peaKUHH .UJI11 

KC-1 11 KC-2. l:IHcJio .ueJiett11i1 octtoBHoro H30TO□a 

B aKTHBHblX 30Hax np11H11TO 3a 100. 
)].aHHblC Ta6n. 3 □03BOAAIOT paCC'iHTaTb 6aJiaHC 

HCHTPOHOB n c6opKax. rJiaBHY}O pOJib n 6aJiaHCC Mr­

paIOT npoueccbI .ueJieHHR Ha mu 11 
239

Pu 11 yre'!Ka 

HCHTPOHOB. 3TO □03BOAACT onpe.uenMTb 3QJq)CKTKB­

HblC 3Ha'!CHH11 BCJil1'il1Hbl V ,!lJl1I 
235U 11 

239
Pu. DbIJlO no­

JlY'!CHO v (235U) = 2,67 ± 0,11, v (239
Pu) = 3,14 ± 0,13. 

Ta6JIMUa 3 

flonHhlC 'il1CJia peaKU11H 11 yre'!Ka HeHrpOHOB 

B KC-1 11 KC-2 

Ilpouecc KC-I KC-2 
mu(nf) 100 -
235U(ny) 

11 ± 2 -
nOHIUIT0 
mu(,V) 1,86+0,I -
238U(nY) 0,36 + 0,1 -

ZJHU(n2n) 0,12 + 0,015 -

'-'"Pu(nf) - 100 
239Pu(11y) 

- 5±1 
fiOHIUIT0 
i40Pu(11.f) - 1,1+0,l 

YTe'lKa 160 + 5 213 + 6 
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Y,ll;K 621.039.51 

HEHTPOHHhIE XAPAKTEPMCTHKH KPMTWIECKHX CliOPOK HJ 235U (36 % ), 
235U (89,6 %), 239Pu n 23·'U C YPAHOBbIM OTPA)KATEJIEM* 

A. A. MaJIHHKHII, B. A. ,ll;aBHAeHKO, B. <I>. Ko11ccoa, M. If. Kyanrnuoa, Ii. JJ:. CuH6opc1rnii 

ct>rYrr «Pct>5lU-BHI1I13ct>», 607188. r. Capos HH)l(eropo,ncKoi1 0611. 

Tip11ae.11ettbl pe3yJlbTaTbl 11ccne.11oaaHJUI npOCTPallCTBe1t11u-1HepreTH'!eCKHX pacnpe.11eneH11ii Heii-rpoHOB 11 IIOJil-lb!X lJli­

cen peaKUHH .1lflJI c¢epH'leCKl1X KpHTH'!eCKHX c6opoK 111 B~u (36 'k). 235U (89,6 %), 233U, mPu II C 1O.ICrblM OTPa:lKaTeJieM 
113 ypatta ecTeCTBeHHOI O ll1OTOllHOro COCTaaa. l1ccne.aoaaHlle 11po11e.11eHO Ha OCHOBe H3MepeHl1ll IIJJOTHOC'I eii It J<pcpe11., HB­
HblX Ce'!eHHH pa3JIH'!HblX peaKU11M. • .11Jlll KOTOpbIX C xopoweii TO'IHOCTblO HJBeCTeH XO.11 Cel.feHWI B 3aBl!CHMOCTl1 OT :meprmt 

_ 21, 231 238 239 2 n 21!Th HOp MOHOXpOMaT11'1eCKHX HeHTpOHOB. 11cnOJJb30BaJUICb peaKUltlt .nenemUI ··u, . u, U, Pu, Np. H u, H peaK-
3> 238 231 218 197 6 · 10 u1111 · -s(np), U(n2n), -Th(n2n), · U(ny), Au(ny), L1(11a). B(11a). Tip11ae.11e11bl HeKOTOpb1e noKaJ1bHb1e 11 cpe,uttHe no 

o6beMy c6opoK HHTerpaJlbHble cneKTJ)aJlbHbie xapaKTepHCTHll.11 HeHTPOHOB, a TalOKe KOJcjJqi11u11eHTbl p,nMHOiKeHl1ll 11 BOC­
npOH38O,11CTBa .11JUI orpaHll'lCHHOfO 11 6eCKOHe'!HOfO ypaHOBOro o-rpmKaTeJJll. 

KJIIO'ICBblC CJIOBa: KpHTll'-leCKHe c6opK11, 11ei1TPOILHble xapaKTep11CTl1Kl1 Kpl1T11'!eCl<JtX c6opoK, ypa11-235, nnyrn­
HHH-239, ce'!eHJUI ll.UepHb!X peaKU11H, cneKTJ) Heii:rpoHOB, JHepro11yBCTBl1TeJJbHbJe peaKU1111, MeTO,l BOCCTaHOBJJeHl1ll cneKrpa. 

NEUTRON CHARACTERISTICS OF CRITICAL ASSEMBLIES MADE OF 235U (36 %), 235U (89.6 %), 
239Pu AND 2.uU WITH URANIUM REFLECTOR / A. A. MALINKIN, V. A. DA VIDENKO, V. F. KOLESOV, 
M. 1. KUVSHINOV, B. D. STCIBORSKI II The article presents results of a study of energy-spatial neutron distributions 
and total reaction numbers for spherical critical assemblies made of 235U (36 %), 235U (89.6 %). 233U and 239Pu and for those 
with thick reflectors made of uranium of natural isotopic composition. The study was performed on the basis of measure­
ment of densities and efficient cross-sections of different reactions for ~hich a dependence of cross-sections on energy of 

h . . k .th d . . Th eel fi . . f B5u 233u Bsu 2J9p 237N monoc romat1c neutrons 1s ·nown w1 goo prec1s1on. ere were us 1ss1on reactions o · , · , · , u, p, 
m Th and 2.wPu and reactions 32S(np), 238U(n211), 232T h(11211), 238U(ny), 197 Au(ny), 6Li(na), 10B (11a). Also presented are some 
local and average (over the assemblies' volume) integral spectral neutron characteristics, as well as multiplication and re­
production factors for a restricted and infinite uranium reflector. 

Key words: critical assemblies, neutron characteristics of critical assemblies, w·anium-235, plutonium-239, nuclear re­
actions cross-sections, neutron spectrum, energy sensitive reactions, spectrum recovery method. 

BBCJ).CllHC 

B HaCT051lUCM pa6oTe, KaK 11 B [ 1], l!CCJ1c,ny10TC51 

Hdi:rpOHHble xapaKTCp11CTl1K.H npOCThlX ccpep11qecKl1X 

Kp11rnqeCKl1X c6opoK Ha 6blCTpblX HefrrpoHax. B OT­

Jmq11e OT [l]. 11ccnc.n.yeMhte 3,necb c6opK11 11Me10T 

TOJlCTblM OTpa)l(aTeJlb 113 ypaHa eCTCCTBCHHOfO 1130-

TOOHOfO COCTaBa. reoMeTp11ll 11 COCTaB 11ccne,nyeMblX 

B HaCT051lUCH pa6oTe c6opOK □p11B0,nJITC51 B Ta6n. l. 
AKTl18HblC 30Hbl 11 OTpaiKaTCJllf c6opoK Ha611pa­

Il.l1Cb 113 nonyccpcp11'-1CCKJ1X CJlOCB TOJ1llf.11HOH 0,7-2 CM . 

ITp11Be,nCHHbte B rn61111ue □JlOTHOCTH 51Bllil.lOTC51 cpc.n­

Hl1Ml1 no o6beMy aKTHBHblX 30H 11 OTpa)l(aTeJlCH. 

B c6opKax 11ccnc,nOBa.JUICb npocTpaHCTBCHHO­

:meprcnt'-ICCKl1C pacnpe.neneHH51 HCHTpOllOB, :icpcpeK­

THBHbJC CC'-ICHIDI peaKUHH, □OJlHblC 1-rncna pa3Ill1l!HblX 

npoueccos. 0.nttoii 113 ocHOBHbIX uencii 11ccne,nosa­

H1151 51BJ151J10Cb 113)"{CHJ1C pa3MHO)l(aJOW.11X 11 Bocnpo-

113B0.LUIW.11X CBOHCTB CCTCCTBCHHOfO ypaHa ,lJ,JU{ pa3-

J111'-IHblX COCKTpOB aKT11BHbCX. 30H. Hc□OJ1b3YCMb!C MC­

TO,nHKl111ccne,noeaHIDI aHanOrn'-IHbI on11caHHb[M B [ l]. 

• CTaTbll 11am1catta 110 pa601e, BblllOJlHeHHO.H 8 1957-1958 rr. 
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Ta61111ua 1 

f eoMeTJ)MH H COCTaB Kp11Tl11·IeCKHX c6opOK 

Kp1-1.Twie- Paimyc 

CKa.JI c6op-
uett-rpan&- BtteillHHH flJJOTHOCTb, 

HOH nonoc- pa;:uqc, CM r/cM3 

Ka 
TH, CM 

KC-3 1,0 11,0 18,76 

KC-4 1.4 6,75 17.2 

KC-5 0,0 4,67 15,2 

KC-6 0.0 4,29 18,4 

On.tCTHM, 'iTO K H3CTOHll(eMy BpCMeHH y,KC 

ony61111KOBaHo 3H3Y.I1TeJlhH0e Y.HCJIO pa6oT, nOCBSl-

11.(eHHhlX 11ccne.nosaHl1IO KpHTHY.eCKHX c6opoK C ypa­

HOBblM OTJ)a:>KaTCJICM [2-5]. HeKOTOphlC p eJyJI.hTaTbl 

3THX pa60T M0ryr 6bITh cpaBHeHhl C np11se,neHHhlMl1 

JJlCCb pC3YJihT3TaMH. 

IlpocTpaHCTBeH H0-'.)HepreTHCJeCK0e 
pacnpeaeJICHHe HeihpOHOB 

Tipoc-rpaHCTBeHH0-3Heprern1.JecK11e pacnpe.nene­

Hl1ll HCHTJ)OHOB B c6opKax l-:13Y'l.aJ111Ch C nOMOll(hlO 

113Mep cmui nnOTHOCTCH H 3cpcpeKTHBHhIX Ce'ICHHH 

pa3JIH'I.HhIX 3Hepro'lyBCTBHTCJibHhIX peaKU,HH no pa­

.n11ycy c6opoK. HcnonhJosan11cb p eaKu,1111 .nenett11si 
235U 233U 23~U 239p 240p 2J1Np 232rrh pea , , , U, U, , 1 11 Kl.1,1111 
32S(np ), 238U(n2n), 232Th(n2n), 238U (ny), 197 Au(ny), 
6Li(na), 10B(na). 

PcJynhTaThI 11JMepett11ll pacnp e.neneHHH nnorno­

CTCH peaKl.l,HH no pan11ycy c6opoK npe,nCTaBJICHbl Ha 

p11c. 1-4. q11cna peaKUHH tt0pM11posam1ch tta OJlHH 

3TOM l130Tona 11 Ha O)lHH HCHTJ)OH yre'I.Kl1 113 Kp11Tl1-

lJ.eCKOH c6opK11. Ilp11 TaKoi1 HOpM11poBKC HJMepHe­

MbLX BCJIH'IHH 3KCnepHMCHTaJibHble OllJ116KJ1 COCTaB­

murn 4-7 % n p11 11JMepcH11.S1X KaMepaMH 11 7-12 % 
B 3KTHBaU,H0HHhlX 113MepeHl1llX. 

Ha p11c. 5 np11s e,nCHbl 0THOCHTCJlbH.hl C p acnp e­

.neneHliSI nnoTHocTei-1 pcaKUHH s KC-5. 
Pacnpe.neneHHC IlJIOTHOCTH )lCJICHHH 

239
P u B HC­

cne.nycMblX c6opKax np1161111>KCHHO cne.nyeT pacnpe­

ncnctt1110 nOilHOfO nOTOKa HCHTJ)OHOB. )].nll nepexo.na 

OT 113MCpeHHhJX pacnpe.neneHIIH nJIOTH0CTH .neneHHH 
239p 

U K pacnpc.neneHHIO n0JIH0ro IlOTOKa )l0CT3TO'IH0 

BBCCTII nonpaBKY Ha 113MCHe1111e CC'ICHliSI nenemrn 
'Wp 6 -- u no pai u1ycy, K0Topoe ,nnH 11ccne.nyeMh1x c opoK 

HC npeBbJlllaeT 4 %. 

CocTae. 
O-rpa)KaTenh 

Maccoeal! 
Macca, 113 ec-recrneHHoro ypaHa 

.!I0JUI, o/o 
Kr BttewH11ii fln0TH0CTb, 

r/CM3 pairnvc. CM 
mu-36 

104,55 25.0 18,3 238U-64 
.J U - 89,6 

21.96 25.0 18,2 mu - 10,4 
• ''

1Pu - 95,3 
2

J
0Pu- l ,7 6,49 32,4 18,3 

Ni u ,1p. - 3.0 
.. uu -96 6,05 32,4 18,3 
238U-4 

Ha p11c. 6 npliBOJlHTCH pacnpe.nenett11H n ommro 

noTOKa l1 nJIOTHOCTH nenemdi 
238U B KC-5 11 3HaJIO­

rH'IHOH c6opKe C 6 ecKOHC'IHhlM 0TJ)3)K3TCJICM. Pac­

n p enenemrn B cnytJae 6ecKOHC'!Horo o-rpa)KaTenR no­

JIY4ettb1 pac'!CTHblM IlY'fCM MeTO)l0M orpa>I<eHHhlX 

HCT0'I.HHK0B [6]. 

2 
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~AKn~BHaJI J?HB l + OrpalKJITeJlb 113 ypaHa ,t-1803,u_yx 

4 8 12 16 20 24 28 
Pa,u.11yc. CM 

Puc. l. Pacnpet1enem1e nJIOTHOCTeli peaKl(H.H no p!U(wycy 
c6opK11 KC-3: 1 - 233U(,if); 2 - 239

Pu(,if ); 3 - 235U(,if ); 4 -
t97 Au(11y); 5 - 240Pu(,if); 6 - 237Np(,if ); 7 - 23sU(11y); 8 -

238U(nf); 9 - 32S(np); JO - 238U(n2n); 11 - 231'h(11211) 

103 



10' 
8 -- ··--- -
6 
4 ~:"I, '- '--

-- "'-"r-... 2 ~-.~~,.,~~~-,.+-,,-t--t--,r-t-+--tt 

10·• 
8 - . , ·-. 

6 ... ~ • - -~~ .. -~~ -
4 ;~ ~ 10 

2 E g --'------ · ~,i'- ,,.. 001-< + OrpalKaTeJJb 113 ypatta --,!lyx 

10·' O 4 8 12 16 20 24 28 32 36 
Pa.n11yc, CM 

P1-1c. 2. Pacnpenenettwe ill!OTHocrefi peaKl.l.lffl no pan1-1ycy 
c6opKM KC-5: l - 233U(,if); 2 - 10B(na); 3 - 2.,9pu(11f); 4-

235U(,if); 5 - 6Li(na); 6 - 197 Au(11y); 7 - 2-Wpu(,if); 8 - 238U(11y); 
9 - 237Np(,if); 10 - 238U(,if); 11 - 2.11'h(,if); 12- 32S(11p); 

13 - 238U(n211) 
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P11c. 3. Pacnpe.nenettHe n.noTHOCTefi peaKUHtt no paJJ.Hycy 
c6opKH KC-4: 1 - 233U(,if ); 2 - 239Pu(11/); 3 - 235U(11/); 4 -

6Li(11a); 5 - 197 Au(ny); 6 - 24°Fu(11/); 7 - m Np(,if); 
8- 238U(11y); 9 - 238U(,if); 10 - 32S(11p); ll - 238U(11211) 

10' .. 
8 
6 

~ - - :-. -· . ·-,- ··-· ·-- - - - .. - ·--
to-;;: -

4 
·· c-- -- ,, 

. - - ----
2 

:,: 102 

0 8 
~ 6 ,:: 

" 4 
;i: 
::. 2 

~ 
~ 10 

5 8 
"' 6 "' " 4 0. .. 

"b 2 

X 1,0 
'= 3 8 

"' 6 
"' " 4 0. .. 

2 I-u 
0 
:,: 

10-' I-
0 8 ., 
t= 6 

4 

2 

' i'P....'\., 

\: ~ ~ - ·• .~ .. = '~ 
·'I r-· 

~ 

' ., -

\ ~ 
'-¾ R l~ - ~ --....: r'--.'-

r--

I\ " 
'\ ~ I~ ~ ~ 

- . 
I = ' --\ \ ·\; '\. '. J -

. \ 
... t -

~ 
i--

'\.. '). s 
' 

. ..,.,,,_ 
r--- . i\ -

" ' 6 
7 

-- ·- ~ ~ 8 

- - : -\ I',. 
1-

" '\ 
\ 

""" I'\ 
1= -- - ,-
I-- ......... . . . Y_ 

"' 
--.. 

" :,: .. 
":,: 'I.. ,o -~ ~ Bo,-

~< ~ OrpalKaTe..1b 111 ypatta --:I nyx 

,o·' 0 4 8 12 16 20 24 28 32 43 
Pan11yc, C'-i 

P11c. 4. PacnpeneneHHe nnoTHOCTefi peaKUHH. no pa,nHycy 
c6opKH KC-6: l - 233U(nf); 2 - 10B(11a); 3 - 2.3

9Pu(,if); 4 -
235U(nf); 5 - 6Li(nu); 6 - 24°ru(11J); 7 - 197 Au(ny); 8 -
237Np(n/); 9 - 238U(n/); 10 - 32S(np); 11 - 238U (n211) 
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P11c. 5. Pacnpenenelille ill!OTHOCTeft peaKUHH no pa1111ycy 
c6opKH KC-5: 1 - 10B(11a); 2 - 197 Au(11y); 3 - 238

U(ny); 4 -
6Li(na); 5 - 235U(11f); 6 - 233U(11f); 7 - 239Pu(,if ); 

8 - 240Pu(11f); 9 - 237Np(11/); 10 - 238U(,if); 11 - 2.11'h(1if); 
12 - 32S(11p); 13 - 238U(11211) 
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Puc. 6. Pacnpe.ueJJe1me no11Horo noToKa HeihpoHoB {I, 2) 
H nJJOTHOCTH pea,uurn 238U(11f) (3, 4) B KC-5 

c orpaHH'•leHHhlM H 6eCKOHe'IHblM OTµa:arnTeneM 

10 

O< 
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~ M 

<( 

IQ•l 

OrpalKaTen& 

J,13 npHpO,lHOfO ypaHa 

TTcpecqeT □poH3B0)111.J1CH JJ,JU! c6opoK KC-4, KC-5, 

KC-6 (.D,m1 KC-3 ncpccqcT He Mor 6hJTb Bbmontteu 

M3-Ja Manoit Tonw.11HbI O'rpa)l(aTem1). Pe3yJibTaThI 

:noro nepccqern 11cnOJJb3YIOTCH .D,anee np11 oueHKe 

pa3MH0)1(310lll.HX H BOC□p011380)1Hll(IIX CBOHCTB 6cc­

KOHC4HOro ypaHOBOro OTpa)l<aTem1. 

KaK 11 B pa60TC []]. pac.npC)IC.1CHHH nJIOTHOCTCH 

pcaKUHli BMCCTC C 113MepCHHbl MH 3q>cpeKTI1BHblMl1 

CC'iCHHl!M11 peaKUHll Ha Hcr1Tpo11ax yre'-lKII 113 c6opoK 

l-lCCTOJlh30BaJIIICb )1Jlll onpC.'.lCJlell 11ll CC'!CH_IIH B mo6oi1 

TO'!Kc no pam1ycy. 

3Ha4CHHll c c'!CHHH peaKu1111 )1JUI uctrrpa 11 rpa­

HHUbI aKTHBHOH 30Hbl, a TaK)l(C )1,1.!I BHCWHCH rpaHH­

Ubl OTPa)l(aTeJUI np11aeJ.tCHh1 B Ta6n. 2. Ha p11c. 7 no­

KaJaHo 113MCHCHHC CC4CHl1tt pcaKUHH no pa.D,11ycy 

c6opK11 KC-5. 

Xo,r:i IlJJOTHOCTI1 11 ::>cpq>CKTHBHblX CC'-lCHHH pa3-

JlH'-lHblX peaKu11n no pam1ycy Harn.S1)1HO CBH)ICTCJlb­

crnyeT o .D,ecpopMau11u cnc1CTpa ttdiTPOHOB. B aKT11B­

HbIX 30Hax c6opoK (B OCOOCHHOCTH B cpaBHHTCJlbHO 

60J1bllll1X IlO pa3MCpaM 30HaX 113 
235U (36 % ) M 

235U 
(89,6 %)) C□CKTP Ma.JJO 113MCHHCTCll. Pe3KaH )1Cq>op­

MaUIUI cneKTPa npOHCXO.D.11T B np11MbIKalOIUHX K aK­

THBHOH 30He cnoHx ypa1-1osoro OTPa)l(aTen.SJ. Ha ,uoc­

TaTO'iHO 6oJJblliOM pacCTOlllil111 OT aKTHBHOH 30Hbl 

113MCHCHHH CC'-!CHHH CTaHOBHTCH HC3Ha'-lHTCJlbHblMH 11 

HCHTPOHHblH CilCKTp np116J111)f(aCTC.!I K paBHOBCCHOMy. 

0 2 4 6 S IO 12 14 16 18 20 22 24 26 28 30 32 34 36 
Pa1111yc,cM 

Pttc. 7. lfaMettett11e ce'-!ett1,u1 pea1u111i\ 110 pa.uHycy KC-5: l - 10B(11a); 2 - 197 Au(ny); 
3 - 238U(ny); 4 - 6Li(11a); 5 - 235U(nf); 6 - 233U(,if); 7 _ iwPu(,if); 8 - 24(}Pu(,if); 9 - 237Np(,if ); 10- 238U(,if); 

11 - 232Th(nf); 12 - 32S(np); 13 - 2380(11211) 
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CneKTpaJibllble xapa,nepHCTHKH 

TIOJij"-leirnaH HH!pOpMatu-rn 06 ::icpcj>eKntBHbfX ce­

qemu1x pa.3IDi<!HhlX 3HeproLJynCTBHTeJibHhlX pcaKUHM 

HCilOJlb30Banacb D.JIH IlOCTJ)OCHI1H cnCKTJ)OB B pa3-

Jll11.JHbJX TOI.JKax c6opoK 11 11.Jlj! onpc11.eneHI1H HX HeKO­

TOpblX HHTerpa.nbHblX xapaKTepucrnK. Tioc-rpoCHMC 

cneKTJ)OB no CC'-!eHMRM pcaKUI1H np0113BOD.MJIOCb I1nl1 

MCTO)lOM H8HMCHbllJMX 1rnanpaTOB, 11.TIH MeTO,!J.OM no­

cne.noBaTeJlbHbIX np116n11)1(emrn [ lj. B KatJCCTBC 11H­

Tcrpa11b1IhIx xapaKTCpHCT11K CUCKTJ)OB, KaK 11 B [ l], 
H3XO.D.HJIHCb cpC,D.HJUl no IlOTOKY HCl1TJ)OHOB 31-!eprnH 

E , cpe,D.Hjjj! no IlJlOTHOCTH HCl1TJ)OHOB CKOpOCTh V , 

11.on11 HeihpoHOB cncK-rpa nenemU1 Cf ; 11 tteynpyro­

pacceHHHhIX ttcii-rpottos C;
11 

11 ,npyrne sem11.JI1HhJ. 

Ha pI1c. 8 II 9 IlOKa.JaHhl IlOCTpOCHHhIC no Ce'-!e­

Hlli!M pcaKUl1l1 CflCKTJ)bl D.Jlj! ueu-rpa aKTHBHbJX 30H 

c6opoK. Ha ')ntX )KC p11cyHKax npe.ncrnsneHhI cneK­

TpanhHhie rHCTOrpaMMbl, nony4eHHble no CC'-!eHJ1j!M 

noporOBhIX peaKu11i1, 11 cneKTpbI .neneHllil mu 
H l

39Pu. <t>opMa ,KCCTKOH 4aCTl1 COCKTJ)OB B uett-rpe 

aKTHBHbIX JOH np11 1ttcprn11 > 3 M::iB cooTBeTcTByeT 

cj>opMe cneK-rpa HeihpOHOB D.CJieHHJI Bl1,!J.a co 3Hal.JC­

HIDIMH napaMeTpa T f , np1rno,n11Mb1M11 11.anee. 

1.0 ~-----1 -
0,9 I 

0,8 .,_._.,__l +--1' - 7---
0.7 

Gj' 0.6 tt--tt---+---+----~---1-----~----J 

:;E' 0 5 

O.l 

0 2 3 
£.M:>B 

4 5 6 

P11c. 8. CneK1pbI HeHTJ)OHOB B ueHTJ)e aKT11BHb1x 30H KC-5 (I) 11 KC-6 (2) 11 cnel<Tp HCMTJ)OHOB ,lleJiemlJI 
239p r;::;: - E u(N(E) =A~v2Ee )(3).f11crnrpaMMb1: - - ueHTJ)KC-5, --- -uettTJ)KC-6 

1.4 

1.3 I 
I I 

1.2 ~--t 
1,1 

~:~ fn 
t 0.8 1-· 

Gj' 0.7 · 

~ 0.6 

0.5 

0,4 

0,3 

0.2 

0.1 

0 2 J 4 5 6 
£.M,B 

Puc. 9. CneKTJ)bI HCIITJ)OHOB B ueHTJ)e aKT11BHbJX JOH KC-3 ( I) 11 KC-4 (2) 11 cnel<Tp HettTJ)OHOB )le11emLJ1 
235U r;::;: -£ ( N(E) = A~ v2£ e ) (3). f11cTorpaMMb1: - - uemp KC-3; - - - - ueHTJ) KC-4 
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P11c. 10. CneKTpbl HeihpoHoB yreYKH 1-13 c6opoK KC-4 (I) , 
KC-5 (2), KC-6 (3). fuCTorpaMMbt: - - - - KC-4; - - KC-5; 
- • - • - - KC-6. 4 - cneKTp HefrrpoHoB KC-5, HJMepeHHbIH 

C fiOMOIUblO <jioTOnJJ3CTHIIOK 

Ha p11c. 10 □OKa.Ja11&I cneKTpbI HeHTpOHOB yre'1-

Kl1 c6opoK KC-4, KC-5 11 KC-6 . )KecTKaR qacTh JTHX 

cneKTpOB, Ha'111HaR c JHCpnrn 0 ,5 M3B, 6&rna 111Me­

peHa TalOKe C IlOMOlll,b!O cj>oTonnacntHOK. 

Ow116K11 noc-rpoem-rn cneKTpOB, 3aB11cJ1u.u1e OT 

orn1160K B 113MepeHHblX Ce'-ICHHHX 11 B xo.nc cr(E) pe-

3KU11H, )'MeHbllia!OTCH np11 y,nanCHlil1 OT ueH1pa c6opoK. 

OJJ..1116K11 ,lI)UI OCHOBHOH '-13CTII cnCKTpOB B ueHTpC c6o­

poK (0,1-5 MJB) COCTaBJlJII-OT 10-20 %, a .D,JlJI OCHOB­

HOH '1acrn cneK-rpos yrcYKII (0,05- 1 MJB) - 5-10 %. 
B rn6n. 3 np11Be)leHbl HCKOTOpbie xapaKTCpncnI­

Kl1 cneKTpOB .D,J1JI pa3Jlll'IHblX TO<[eK c6opoK. 3Hat.Je­

Hl1JI JTHX xapaKTepwcrnK s ucHTpax c6opoK KC-4 11 

KC-5 3aMCTHO ornw-ia10Tc» oT JHaYe1111tt B amUJOrnt.J­

HblX c6opKax 6e3 o-rpa;KaTcmI [ l]. TaK, 3Hat.JeH11» se-

n11t.t11H E, v, c1 s ucHTpc KC-4 11 KC-5 tta 10-20 % 

Hl1)1(C 11X 3Hat.teHl1H B no.no6HbIX c6opKax 6e3 o-rpa­

)l(aTenH. 

CpaBHCHHe cneKTpMbHblX xapaKTep11CT11K )1J1H 

l..(eHTpOB c6opoK KC-5 11 KC-6, orn11t.ta10w.11xcH o,nHa 

OT ,npyroi1 npaKTJ1'1eCKl1 J111Ulb COCTaBOM aKTHBHblX 

30H, IlOKa.3bIBaeT, t.JTO cneKTp B aKTHBHOH 30HC 113 

mu6 - -onec )l(CCTKl111, t.teM cneKTp B aKTMBl-1011 30He H3 
239

Pu. 3TO orn11<111e, nO-B11)111MOMY, MO)l(HO 06bHC­

Hl1Tb pa.3H11UeH B ce<reHHH Heynpyroro paCCCHHHJI 

mu 11 239Pu. 

113 COilOCTaBneHHH cneKTpOB s uett-rpe aKTl1BHblX 

30H 113 235U (89,6 % ) 11 
235U (36 %) CJle)lyeT, 'J10 pa.3-

6anJ1cm1e 235U 1130TOilOM 
238U npHB0)111T, C 0,UIIOH 

CTOpOHbl, K o 6w.eMy CMHr'-leHl110 cneK'rpa 3a c •1eT He­

ynpyroro paCCCHHHH H,npaMH 
238U, C .npyroi1 CTOpO­

Hbl - K ysem1t.teHH!O «)l(eCTKOCTH» Bb!COKOJHCpr11'-I­

HOH t.tacn1 cneK-rpa HCHTJ)OHOB (yBeJJH'1CHl1C napa­

MCTpa Tj ). ITocne,nttee o6cTOHTeJibCTBO CBH3aHO KaK 

C yseJ11 l'-ICHI1eM OTHOCHTeJlhHOH )10Jll1 ,nene1111i1 1130-

Tona 238U, TaK 11 C oco6eHHOCT51MH IlOJTHOrC CC'-leHHJI 
238U B o6nacrn JHepm11 3-10 MJB. 

i h pI1c. 8-IO 11 Ta6n. 3 s11,nno, 4TO B o-rpalf<aTene 

cncnp HCHTJ)OHOB 3Ha<Il1TCJlbHO CMHr'-13CTCH 110 MCpe 

Y.'laJICHHH OT aKTHBHOH 30Hbl. Tip11 JTOM lf<eCTKaH 

4:JC1 b cneKTpa c ymecTBCHHO HC I13MCIIHCTCJI (napa­

M C rp Tr HeCKOJlbKO yseJIH<fl1BaCTCSI C T0Jlll.{11H011 OT-

paiKJTCJlH). Ha .llOCTaTO<IHO 60JibUJOM paccTOHHJ,111 01 

UKTHBHOH 30Hbl o6paw.aeT Ha ce6JJ BHl!MaHHC ManaH 

)lOJIJI HeHTpOHOB ,neneHHH B cyMMapHOM CilCKTpC, ,UJlJI 

O)lHOH 11 TOH )Ke TOJII.Ul1Hbl ypaHOBOro 01palf<aTCJIH 

,UOJIJI HCHTJ)OHOB ,neneHl1R Cf CIIJlbllO 38Bl1Cl1T OT 

cneK-rpa yre<rKH 113 aKTHBHOM 30Hbl , '-!TO BH.llHO 113 

cpasHCHl1JI JTHX BeJIH'il1H ,[l,JlH rpaHl11.J,bl OTpa)l(aTeJIJI 

KC-5 11 KC-6 . 

.ll:JIH ocpe)lHCIIHhlX no BCCMY o6beMy cpe,[1,Hl1X 

cKopocTcH ttei1-rpo1-10B V [l] nonyt.JeHbI cne.nyt01.UHC 

JHa'-leHHH: 

ii(KC-3)=(68±6)-10
7 

cM/c ; 

ii(KC-4)=(73±6) - 10
7 

cM/c; 

v(KC-5)=(66±5)-10
7 

cM/c; 

ii (KC-6) = (70 ± 6) · 10
7 

cM/c . 

XapaKTepHO, 4TO 3Ha<ICHHH V .D,JlH 11ccne.ny eMbIX 

c6opoK C ypaHOBblM OTJ)3)1(8TeneM 6ml3Kl1 ,npyr .npy­

ry. OT coorncTcrny10w.11x seJIH'-IHH B cnyt.tac OTCYT­

CTBHSJ OTpalf<aTeJIR [ l] OH.11 OTJll1t.Ja!OTCSI 11a 40-50 %. 

IloJJHbJe ~HCJJa peaKUHH B c6opKax. 

PaJMH0iKaJ0lUHe H B0Cnp0HJB0~HlUHe 

CBOHCTBa ypaH0B0ro 0TpaiKaTeJJH 

TionHblC <Il1CJla peaKl..(1111 B c6opKaX HaXO.lll1JIHCh 

HHTerp11poBatt11eM IlJIOTHOCTCH peam1111, npoxo)lJl­

lll,11X B c6opKax, no 06beMy. Pan11au110HHbie 3aXB3Tbl 

Ha 235U, 239Pu Ol..(eHl1BaJIHCb no pe3yJlbTaTaM 113Mepe­

Hl1JI cet.teirnH (ny) Ha MOHOXpOMaTH4eCKl1X HCHTpO­

HaX [71 11 no pe3yJlbTaTaM 113MCpeHHH BCJll1l.Jl1HbT 

a = crc/cr 1 . B peaKrnpe EBR- 1 [2] sen11t.J11tta a 

,nnH 233U npHHl1MaJlaCb TaKOH lf<e, KaK H ,nnR :!.WPu. 
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Pacnpe,llenctt11c nnoTHocrn p eaKu1111 
238U(ny) a KC-6 

(B KC-6 no pacnpe,lleJicH11e He H3Mep,inocb) oueH11-

sanocb Ha ocHosatt1111 .llaHHbIX ,llJJSI KC-5. 
IloJJHbie •-mcna peaKQ11H B aKTl1BHblX 30Hax H OT­

pIDKaTeJUIX c6opoK KC-3, KC-4, KC-5, KC-6 np11ao­

.llSITCSI B rn6n. 4. TaM >Ke npHBO,llSITCSI 3KCTpanon11po­

BaHHbie 3Ha"ICIDISI flOJll-!blX "ll!CeJl pcaKU11H ,llJUI aHa.nO­

fl1ljHhlX c6opoK c 6CCKOHC"IHblM ypaHOBblM OT])cl>KaTC­

neM. IloJIHoe 411CJJO ,'.\CJICHl1H OCHOBHOfO JJ,CJUIJ.UerocSI 

H30Tona B aKTl1BHblX 3011ax np11HS!TO 3a 100. 
Eanattc HettT])OHOB a Kp11Tl14CCKl1X c6opKax co-

6n10,llaeTcSI npu cnc.uyiow11x 3cpcpeKTHBHbIX 3Ha"leHH­

,ix: V (235U) = 2,56 B aKTHBHOH 30He KC-3; V (235U) = 
= 2,60 B aKrnBHOM 3011c KC-4; v (235U) = 2,53 a ypa­

HOBhIX OT])a>KaTensix; v (~39
Pu) = 3,07; v {233U) = 2,65 

11 v (238U) = 2,80. 
J,13 rn6n. 4 cne.uyeT, "ITO a c6opKax c TOJJCTblM 

01-pa>KaTeneM 113 CCTCCTBCHHOfO ypa1-ia 40-45 % BCCX 

,llCJlCHl1M np11XO,lll1TCSI Ha OTpa)l(aTCJlh, npl1'-ICM 30-
35 % - Ha .llenc1111c 

21MU. 
B Ka"ICCTBC xapaKTepHCTHK pa3MHO,KalOJ.UHX 11 

aocnpo113BO.D,SIJ.UHX CBOMCTB ypaHOBOro OT])a>KaTCAA 

6b1Jll1 onpc.ucneHl,l KOJcpcp11u11eHT l1COOJlb30B3Hl1Jl 

HCHT])OHOB B 
238U (K11) l1 K03cpcpHUHCHT BOCOp0113-

BOJJ,CTB8 ropio"lero (K8 ). 

Ilo,ll KOJ(pcp11UHCIITOM l1COOJlb30B3Hlij( HCHT])O­

HOB o6bl"IHO OOHHMaCTCSI OOJJHOC "IUCJJO ,llCJ1CHl1H 
238U, np011CXO,llj(UlCC B 6CCKOHC"IHOM 6JIOKC 113 

238U Ha 

o.n11tt snyw.eHHbIH a Hero HCHT])OH. Ilo attanonrn 

C 3THM K03cpcpHU11CHT l1COOJlb3083Hlij( HeHT])OHOB 

yre4Kl1 113 aKHIBHOH 30Hbl B ypaHOBOM OT])a>KaTcne 

6bJJ] onpe.n.ene1-1 Bblpa>KCHHCM 

K = NJ ( 238U) 

" L[(v,-l)NJ,;-Nr.,]+vsNr(23su)-<l>y, 
I 

r.n.e Ni ("38U), Ni (235U) - noJ1Hb1e 11ttTerpanb1 .n.enett11ii 
238U 11 

235U B OTpa)l(aTCJlc; Nf.i, Nr,; - IlOJlHbIC HH-

TCfJ)aJJbl ,llCJlCHHH 11 33XBaTOB i-ro 1130TOna B aKTHB­

HOH 30He; v, - cpC.D,HCC 'HlCJlO HCHT])OHOB Ha ,llCJle-

Hl1C i-ro 1130TOna B aKHIBHOH 30HC; <l> )' - OOTOK HCH­

·rpoHOB yre•JKH 113 OTpa)t(aTCJlSI. 

Tio.ll KOJcpcp11u11eHTOM BOCOpOH3BOJJ.CTBa ropl0'-1.C­

ro (Ks) OO,llpa3y'MCBaJJOCb OTHOWCHl1C S!JJ.Cp 
239

Pu, 

o6pa3yioUll1XCSI BCJlC,llCTl:HIC peaKL(Hlf ~
38U(ny), K 4l1C-

'35u '19p ••Ju u ny SIJlCp ~ , •. U HJ111 -· B aKTHBHOH 30HC 11 OT-

pa)KaTene, npeTepneaw11x ,neneHHC 11n11 pa,nHaUHOH­

HhtM 3axsaT. 

flOJJYt.J.CHHhlC 3HalfCHHSI K11 , Ke OpHBOMTCSI B 

Ta6JJ. 5. B 3TOM rn6nttuc npHBOJJ.HTCSI TaK>Ke OTl-!Oille­
u ,,su 

HHC nonttoro "IHCna .ueneHHH -- K OOJlHOMY •rncny 

,1encHHH rop104ero. 

vb rn6n. 5 cne,llyeT, "ITO ,nnSI c6opoK c 6ecKOHC4-

HbtM OT])a>KaTeJlCM (a TaK)l(C JJ.JlR c6opoK c o.nHHaKo­

B011 TOJll.Ul1HOl1 OT])3)K3TCJ1SI) BCJlll'-lliHbl NJ {238U)/NJ 
(ropio4ce) H KH ao3pacrn10T c ysemt4CHHeM cpc,nttcw 

JHeprnH HCHT])OHOB YTC"IKH 113 aKTHBHblX 30H. 3KCT­

panon11poBaHHOC 3H3"1CHHC K0)~~11UHCHTa aocnpo-

113B0.D,CTBa (6eCKOHet.fHhlH OT])8)1(3TCJlb) paBHO 

2,42 + 0,24 )J.JlR c6opKH C aKTHBHOH 30HOH 113 
239

Pu 

11 l .85 + 0,20 JJ.JlSI c6opK11 C 31'."THBHOH 30HOH 113 
235

U 
(89,6 %). 

Ta6nwua 4 

Ilonttb1e 411cna pcaKJJHH 11 yreYKa HCttT])OHOB s c6opKax KC-3, KC-4, KC-5. KC-6 

C6opKa c ypaH0BblM 0TJ)a'lKaTe-
C6opKa c 6eCKOHe'-IHbJM 

C6opKa TTpoueccb1 JJeM 0 500 MM 11m1 648 MM 
ypaH0BblM 0TJ)a)KaTeJJeM 

(3KCTpanom1uw1) 
AKTliBHaJI JOHa Orpa)KaTeJlb AKTHBHaJI J0Ha OmIDKaTeJJb 

.!.,..,U(11.f) 100 5,2±0.2 - -
235U(ny) ( 16±1,4) ( 1.2±0,1) - -

KC-3 
238U(nj) 12,8±0,5 21,9±1,1 - -
238U(11y) 17,7±1,7 78,1±8,0 - -

238U(11211) 1,2±0,1 1,6±0,2 - -

YTe4Ka - 101+4 - -

~-''U(,l/) 100 6,8±0,4 100 18,5±2 
235U(11y) (1 1,2± 1,1) (l,7±0,2) (11,2±1.l) (5,5±0,6) 

KC-4 
238U(11.f) 1,4±0, 1 31±1,2 1.4±0,1 39,2±4,0 
238U(11y) 0,9±0,1 85,9±7,0 0,9±0,J 250±30 

238U(11211) 0,08±0.01 ],5±0,2 0,08±0,01 1.5±0,2 
YTe4Ka - 138+4 - 0 
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0KOH'laHl-le rn6n. 4 

C6opKa c ypaH0BbIM o-rpa)l(aTe-
C6opKa c 6ecKOHe'iHhlM 

C6opKa TipoUeCCbl neM 0 500 MM JillJ,f 648 MM 
ypaH0BblM 0lp8)1(8TeneM 

(JKCT08TTOJUIUIUI) 
AKTHBHM 30H8 Oma)l(aTem, AKTl1BH3H 30H8 OT08)1(aTenb 

"1>u(11J) + 
+ 240Pu(nf) 

100 - 100 -

239f>u(ny) (5+0.5) - (5+0.5) -
lJ'U(nj) - 14,8+0,6 - 23,5+1,2 

KC-5 235U(,rv) - (3,0+0,3) - (5,9+0.6) 
"-'"U(,if) - 49,5+1,9 - 52,4+3,7 
238U(nY) - 192+14 - 325±29 

mu(,1211) - 1,7+0,2 - 1,7+0,2 
YTe'iKa - 130+4 - 0 
mu(nf) 100 - 100 -
233U(nY) (5±0.5) - (5+0.5) -
mu(nj) - 11 ,6+0,5 - 20,9+1,0 
235U(IIY) - (2,9+0,3) - (5.1 +0,5) 

KC-6 Z3SU(11J) 0,4+0,02 48,7+2.4 0,4±0.02 58,4+4,7 
238U(ny) (0,2+0,02) (157+14) (0,2+0.02) (303+30) 

'°°U(n2n) - 1,7+0,3 1,7+0.3 1,7+0,3 
YTe'iKa - 107+3 - 0 

np11M e'iaH11e. 911cna B CK06Kax aonyqeHbl rryreM K0CBeHHblX oueH0K. 

Ta6nHI-1a 5 

X - mu apaKTepHCTl1KH pa3MHO)l(a!OUU1X 11 BOCOpOH3B0)J)lll-lHX CBOl1CTB 

B Kp11T11'-!ecK11x c6opKax KC-3, KC-4, KC-5, KC-6 

XapaKTepH-
KC-4 KC-6 KC-3 

nHaM 0 8)1(8Tem, CM 
CTHKa 

50 64,8 64,8 50 00 00 00 

K .. 0,197± 0,198± 0,208± 0,209± 0,247± 0.275± 0,171± 
±0,015 ±0,020 ±0,015 ±0,015 ±0,020 ±0,020 ±0,014 

K. 0,72±0,07 
1,85± 

1,56±0,15 2,42±0,24 1,32±0,13 2,33±0,23 
0,70± 

±0,20 ±0,07 

N f ( 238u) 
0,343± 0,423± 0.424± 0.44± 0,486± 0,34± 

N f (rop!O'iee) 0,303±0,02 
±0,03 ±0,03 ±0,03 ±0,03 ±0,03 ±0,03 
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HCCJIE,lJ;QBAHHE BO3MY~EHHH PEAKTHBHOCTH 
B IlPOCThIX KPHTlf1£ECKHX CliOPKAX* 

A. A. MaJIHHKHH, B. A. ,Ll.aBHJlCHKo, B. <I>. KoJiecoB 

<t>rYTI «P<l>5IU-BHI1Ji3<1>», 607188, r. CapoB HIDKeropo.ncKoH o6n. 

TTp1,rne,neHbl peJynbT3Tbl J,IJMepemu1 BOJMYllleHHII peaKTHBHOCTJ,1 OT MaJlblX o6pa3UOB pa3n1-l'{Hb!X semeCTB B cqie­
pH'!eCKHX c6opKax 113 235U (89,6 %) 6eJ OTPmKaTem1 (KC-I), 113 239Pu 6eJ OTP!l)l(aTeJJJI (KC-2) H HJ 239Pu c OTPa)l(aTeneM 113 
eCTCCTBeHHOro ypaHa (KC-5). ,[J.ru-ia HHTepnpeTaUHJI OnblTOB Ha OCHOBe O.UHOrpynnOBOH Teopuu 803MYllleHHH. Tion)"ieHbl 
JHa'!eHHJI 0.llHOrpynnOBblX napaMCTPOB (V - I )<J f - (Jc , cr,, , vcr f + <J Sir Mccne.nyeMblX BOJMYlllalOlllHX semecrs ,!I.JUI aKTHB-

HblX JOH c6opOK. TTp11se,neHbl q>OpMynhI CBll3H 803MYlllemu1 peaKTMBHOCTli OT nornomaJOlllero l1JU1 ,neJIHTeJlbHOro o6paJua 
c speMeHeM lKHJHJt MrHOBeHHb1x 1-1eiiTPOHOB. C 11x noMOIUbJO oueHeHbI speMeHa lKl13Hl1 MrnoseHHbIX tteiiTPOHOB ,!I.JUI KC-1 
11 KC-2. 

K.rllO'leBblC CJJOBa: KpHTH'!eCKJ,le c6opK11, BOJMYIUeHJ!Ji peaKTl1BHOCTli, MaJJble o6pa3Ubl, ypatt-235, nnyroHlili-239, 
eCTeCTBeHHblH ypaH, O.UHOrpynnOBall TeopMJI B03MYLUCHliH. 

INVESTIGATION OF REACTIVITY PERTURBATIONS IN SIMPLE CRITICAL ASSEMBLIES / A. A. 
MALINKIN, V. A. DA VIDENKO, V. F. KOLESOV // The article reports results of perturbation measurements of reac­
tivity of small samples of different matters in spherical assemblies made of 235U (89.6 %) without a reflector (KS-1) and 
those of 239i>u without reflector (KS-2) and 239Pu with reflector made of natural uranium (KS-5). Interpretation of experi­
ences basing on one-group perturbation theory is presented. Values of one-group parameters (v - l)cr f -crr, cr,r, vcr f + crsir 

of studied perturbation matters for assemblies' cores are given. Here are also given relations of coupling between reactivity 
perturbation of an absorbing or fission sample and lifetime of prompt neutrons. Lifetimes of prompt neutrons for KS-1 and 
KS-2 are estimated with their aid. 

Key words: critical assemblies, reactivity disturbanq:s, small samples, uranium-235, plutonium-239, natural uranium, 
one-group perturbation theory. - · 

BBe}lenue 

l13MepeHM.ll B03Myu.teHMH peaKTMBHOCTM B Kp11-

Tl1'-IeCKMX c6opKax .naIOT QeHH)'lO 1rncpopMau1110 KaK 

0 11.nepHblX CBOHCTBax Bell.\eCTB, BXO.!l11ll.\11X B COCTaB 

c6opoK, TaK 11 o csoi1crnax 11ccne.nyeMblX BOJMY­

ll.la!Oll.\MX o6pa3QOB. Bo MHOrMX cny<1a11x OilhlThl no 

B03Myll.\eHl11!M peaKTMBHOCTl1 MOryT 6h1Tb 11HTepnpe­

Tl1pOBaHbl Ha OCHOBe 0.!lHOrpynnOBOH Teop1111 B03-

Myu.teHl1H. Ecn11 Ha paccT01!HHl1 r OT l.leHrpa ccpep11-

'!ecKOH c6opK11 IlOMeCTl1Th MMhlH o6pa3el( Bell.\eCTBa 

c o.nHorpynnoshrM11 napaMerpaM11 a 11 p, TO, comae­

HO 3TOH Teop1111, OTHeCeHHOe K l CM
3 

o6pa3Qa 113Me-

• CTaTbll Haru1caHa no pa6ore, Bb!IlOJlHeHHOH 8 1960 r. 

HeH11e peaKTl1BHOCTM 8p(r) ,naeTC.ll COOTHOUiem1eM 

(l) 

r.nc <l>(r) - IlOTOK HettrpOHOB; a g(r) - cpymaur_11 aHl1-

30rpon1111 noTOKa; A= y [ VL 1<t>2 (r)dv - HeKOTOpaJI 

113 

IlOCTO.l!HHaJI KpHTil'-leCKOH c6opKH ( .L 1 - MaKC11ManbHOe 

ce'leIDie .neneHID! B HeB03MymeHHOH c6opKe); 

a = 11 ( crs + cr f + cr; ) ; P = n ( cr s + vcr f ) ; n - '-IHCno 

Mep s l cM3 o6paJua. B rpaHcnoprttoM np116m1)Kett1111 

HMeHHo cr 1 3aMeH1!eTC11 -rpaHcnopTlihlM ce'!eH11eM cr sir . 



HcnOJib3Y5l .n.11cpcpy3HOHHoe Bb1pa)Kett11e .llJIH ee­

mPHiHbI g(r) [l] 

g(r)=l-3[j(r)l
2 

(2) 
<l>(r) 

COOTHOlliCHHe ( 1) MO)KHO npe,nCTaBHTb B Bl1,ll.C 

r.ne / 1 (r) = An<l>2 (r); / 2 (r) = 3AnF2 (r). 

a 
BenwrnHa cr,r =- B (3) 5lBMCTC5l IlOJIHbll\l 

n 

* TPaHcnopTHbIM Ce'-leHHCM, paBHbIM (J J + (Jsrr + (J(". 

Benwrntta xapaKTcpHJye-r pa3MHO-

)KaIOm11e 11Jil1 nornoma1-0m11e CBOHCTBa BCJ..UCCTBa. 

3ry BCJil1'-1HHY 11Hor.n.a Ha3bIBal-OT IlOJIHblM CCYCHl1CM 

nornomettffjj. 

B11.n. cpyHKI.J.HH /i (r) 11 /2(r) MO)KHO 011pe.ne­

Jll1Tb, 113MCpj!jj pacnpc.n.cneHH5l B03MYJ..UCHHH pcaK­

Tl1BHOCTl1 .ll.M «'-lliCTbIX norJIOTl1TCJICH» 11Jll1 «YMCTbIX 

pacceHBaTenew». 

TaKHM o6pa3oM, H3Mepem1e B03Mymctt11i'1 OT 

BHOCHMOro B Kp11TH1!CCKyIO c6opKy 06pa3ua .n.acT 

B03MO)KHOCTb onpc.n.eJI5lTb napaMcTpbl a 11 B, a TaK)Ke 

11x KOM6l1Haumo (P - a) (HJrn auanoniY1:1b1e HM een11-

a • B-a 
'-ll1Hbl cr,r =- , V(JJ +crs,r H (v-l)crf - (Jc =--) 

n n 
.D.M :noro 06pa1ua. 

.[(m1 npocTeihm1x c6opoK (.ll.JI5l c6opoK 6e3 0TPa­

)KaTcJicii.) see Heo6xo.n11Mb1e .nm1 onpe.nencHJrn o.ntto­

rpynnoebIx napaMeTPOB BCJll1'-111Hbl , H B TOM YHCJle 

a6COJIIOTHYI-O peaKTHBIIOCTb, 113MepHTb cpasmtTCJlbHO 

nerno. O.nttaKo ou1116KH B H3MepeHHHX een114HH cy­

mecTBCHHO CKa3bIBal-OTC5l Ha TOYHOCTl1 onpe.nen5le­

MbIX o.nuorpynnOBblX napaMeTpOB. Eonee Ha_ne)l(HblM 

cnoco6oM onpc.ncneHirn o.n.11orpynnoebIx napaMeTPOB 

5lBJI5lCTC5l OTHOCHTCJlbHbll1 MCTO.D., B KOTOpOM B03My­

ll(CHl15l 11ccne.uyeMbIX o6pa3UOB cpaBHHB3IOTC5l C B03-

MymeHHeM OT 3TaJIOHH0ro 06pa3ua, .D.JIH K0T0poro 

o.nttorpynnOBblC 5l.D.epHble napaMeTpbl 113BeCTHbl .n.oc­

TaTO'-lHO xopowo. 

)],nJI paJ.nenbttoro onpc.ncnemrn napaMCTPOB a 
11 B HJIH COOTBCTCTByIOll(HX HM BCJIH'-IHH cr,r H 

vcr / + cr.,,r He06XO.D.HMbl 113MCpCHil5l B03MYW.CHHH, 

no Kpa11HCH Mepe, B .D.Byx TO•JKaX c6opKH. 

B HaCT051ll(Ctt pa6oTc 3TH napaMCTPbI H3MCpH­

JIHCb B UCHTPe (r = 0 ) 11 B T0'-IKC lj B6Jil13H rpaHHUbl 

aKTHBHOH 30HbI. H3 ypaeHCHHH ( l ) .nnH :noro eny'-laH 

110JIY'-!11M eOOTHOWeHHH 

(4) 

BeJIH'-111Hbl 5p(0) I op ( 'i) I <l>(0), <I> ( 'i ) 113MepJIJIHeb 

B OilbITe. Ko3<p(pHUHCHT A onpC.ll.CMJlCH no B03My-
e:: ?J9p 

meHH.SIM OT 3TaJIOHHOro 011paJua -· U, BCJIH'-lHHa 

B-a 
-- ,ll,Jl5l KOToporo npennonaranacb H3BeCTHOtt. 

n 
<1JyHKUl1.SI g(r) .D.Jl5l 11cc11e..1yeMblX c6opoK paec•111TbI­

eanacb Ha 0CHOBC '-lHCJlCIIH0ro pewcHirn KHHeTl1'-lC­

CKOro ypaBHCHIUI. OnpCJJ.CJUICMblC H3 ypaBHCHl1M (4) 

napaMeTPbI, O'-ICBl1AHO, OTJIOC.SITCH IC HCKOTOpOMY 

cpc.ntteMy no o6bcMy aKTl1BHOtt 30llbl cneI<TPY HCH­

Tpottoe. 

B pa6oTe, KpOMe Toro, onpc.neJI5lJlacb eenwmtta 

B-a • 
-- = (v - l)cr J - <Jc B03Mymaiom11x o6pa3UOB .nn>1 

II 

ueHTPa aKTl1BHb[X 30H. KOTOpa51 H3XO,IJ.)1JI3Cb no 113-

BCCTH0MY 3Ha'-ICIIHIO [ (v - l)cr f - a; ]39 :)TaJIOHHOro 

IlJlyYOHl1CBOro o6paJua H3 COOTIIOUJeHirn 

(5) 

IlocTaHOBKa onh1Ta. Pe1yJihTaTb1 HJMepeHHH 

OnhlTbl npOBO.ll.11Jll1Cb Ha TPCX Kp11Tl1'-lCCKliX 

c6opKax KC-1, KC-2, KC-5 [2, 3], .n.ee 113 KOT0pbIX 

(KC-1 11 KC-2) 6blm1 6e3 OTPa)KaTeJI5l. C6opKa KC-1 

npe.n.cTaenMa eo6oii. wap H3 
235U (89.6 %) .n11aMCT­

poM 183 MM, KC-2 - map 113 
239Pu .1111aMeTPOM 135 MM. 

C6opKa KC-5 c aKTHBHoii. 30HOH. 113 mPu .l].11aMeTPOM 

94 MM HMena 0TPa)l(aTenh 113 ypatta CCTCCTBCHHOro 

H30TOilHOro coernea TOJIJ..Ul1HOH 280 MM. Bee HCCJIC­

.nyeMbJe c6opK11 11Men11 U.CHTPaJibHYIO nonOCTb .n11a­

MCTpOM 28 MM 11 eepT11KaJibHbltt K3HaJI .n11aMCTPOM 

20 MM .D.M noMell(eHffjj B03Myma10m11x o6pa3UOB. 

B OilblTaX 11CI10Jlb30BaJIC5l MeTO)I CTaTH'-lCCKHX 

B03MYJ..UCHI1H.. B Ka'-lCCTBe B03Myll(al0ll(11X o6pa3UOB 

11CilOJlb30BaJil1Cb .ll.CJI51ll(HeC5l Bell(eCTBa (239Pu, :mU, 
233U, 238U, D~h) 11 60Jihl110C '-IHCJIO He,D.efillll(IIXC5l BC­

ll(CCTB. TTO'-ITl1 see o6pa3U.bI 11MCJIH <popMy U11JIHH.D.pa 

)IHaMeTpOM 11 ,ll,Jl11HOH 18 MM. HcKOTOpblC 113 11ecne­

LlYCMblX eemeeTB (H2O, D 2O, 6Li 11 .lJ.p.) noMemaJJHCb 

B TOHKl1e Ul1JIHH.D.p114CCKHC KOHTC11HCpbl 113 Men11 

C pa3MepaMl1 CTaH)lapTHblX o6pa3UOB. B03MYU(CHl15l OT 

KOHTCHHepoe onpe.n.eIDIJIHCb B OT.D.CJibHblX 0ilhlTaX. 
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Bo3MyIUaIOIUHH o6paJeu npH H3Mepemrnx nKna­

.D.bmanc.H 8 TOHKYl0 MIOMHHHCBY}O -rpy6y, K0T0paH 

noMeIUaJiaCb B aepnmanbHblH K8HaJI c6opKH .D.0 yno­

pa B ueH-rpanbHOH nonocrn. C uenb10 1:1cK.n1ot.Je11HH 

K8Ha.Jlbl-l0f0 3<p<pCKTa o6pa3eU B -rpy6Ke IT0JIH0CTblO 

3aKnl\.D.blDaJIC.H UUJlUII.[(pHt.JecKHMli BKJla.D,bIUJaMH 113 

aemecraa aKTHBHOH 30Hbl 11Jll1 0Tpa>KaTeJlH. fCOMC1 -

p1'UI o6pa3ua H BKJlallblWeH B rpy6Ke c-rporo qmKCH­

poaanacb. PeaKThBHOCTb KpHTHYCCKOll c6opKH a 

00bJTax no 80'3MYIUeH1'UIM lf3111CpH!IaCb B C,':\HHHUaX 

AlOOO Q V .. 

u = Q, r.nc - onpe.D.CJlli CMhll1 '!Cpe3 00T0K HeH-

Tp0H0B yrCYKH KO'.l<pcjmu11c11T YMH0)KCHWi HCHTpOHOB 

UCHrpanbHOro HCTOYHJ,Ka. Onpe.nem!JIOCb 113MCHeJrne 

peaKTHRHOCTH (no.nKp11THt.JHOCTH) np11 □0MeIUCI-IJ,llJ 

06pa3ua Ha paCCT0HHHH ,. OT UCHTpa c6opKH, T. e. Ha-

l: A A A AO -- 1000 u xo.nIrnacb aem1LmHa (.Ju = tiO - ti. r.ne ti .. 
Q 

1000 
11 = -- - no.nKpHTHYH0CTH c6opK11 6e3 o6pa.Jua 

Q 

11 C o6pa3UOM C00TBeTCTBCHHO. 

E.n11H11ua l 000/Q )].JUI Ka)K,'.J.OH KOHKpernoi1 c6op­

KH CBjiJaHa c a6COJllOTHOM CllHID!UeH peaKTHBHOCTH 

Il0CTOHHHblM MHO)KH1eJleM. ,U,'UI 11ccne.nyeMblX c6o­

poK nonyLJeHbl 3KCnepHMCHTa.JlbH0 cne.nyroLUHC COOT­

HOUfCHJ,U! (cneK-rp HettrpOHOB 6nH30K K cneK-rpy .ne-

JICHH..R): ,nnH c6opK11 KC-J - 103 tl.K = 0,92 e.n. 
K 

(1000/Q); .n,.;ur KC-2 - 103 Af( = 0,93 e.n.. (1000/Q); 
K 

11K 
llIDI KC-5 - 103 

- = 0,84 Cll. (1000/Q). 
K 

Eom,ll!HHCTBO H3MepeHHH npoae.neHO np11 3Ha'le­

HIDIX Q nopMh,a 300-500. ITpe.n.eJI LIYBCTBITTCJlbH0CTII 

MeT0,ll.a B 1-m,epeHIDrX C0CTaBJUIJI 10-2 (1000/Q) C.D.HHHU, 

BnH..RHHe K0HC'IHhlX pa3MepoB 06pa3ua Ha 113MepHe­

M}'IO BCJlHLIHHY B03MYIUCHH.H YtJHThIBa.JlOCb Ha 0CHO­

BaHHH .n.aHHhlX pa60Tb] [ 4], B KOTOpOH paccMOrpCHbI 

n0JMYIUeHHH aToporo nop.R..D.Ka. TTonpasKa a 3Ha•ie­

HHHX Oi\ npH nepeX0,[(C OT KOHe'iHblX o6pa3UOB K TO­

t.fCLJl!blM .n.ocmraeT no MHor11x cny<1a.R.x l 0-20 %. 
ITonpanKa oco6eHHO aenHKa a ueHrpc c6opoK. 

Pe3ynhTaTb1 H3Mepem1i1 ao3MYLUCHHH .D.Jl.R He­

c1<onbKHX T0<te1< c6opoK KC-1, KC-2, KC-5 np1rne.ne­

Hbl s Ta6n. 1, 2. Ha p11c. 1-3 npe.ncrnancHbI pacnpc­

.ucnemrn B03MYIUCHHH .nm1 HaH6once xapaKTCpHblX 

BCU(ecrn. TTp11ae.neHHb1e 31-1at.JeH1'UI ao3MYIUCHHH co­

OTBCTcrny10T BKJla.D.aM B no.n.KpHTJ,!liHOCTb OT MiiKpo­

K0fll1LICCTB Hccne.nyeMblX BCIUCCTB. 803MymeH1'UI 

npe.n.CTaBilCHbl a C.D.HHHUaX (1000/Q) Ha rpaMM-aTOM 

BCU(CCTBa. OTHOCHTCJlbHa51. ourn6Ka B 113MepeHHblX 

B03MYLUCHH.HX COCTaBllilCT 2-4 o/o )].ill! .D.Cllilll(HXC.R 

11 5-30 % )].JUI OCTaJibHblX BCU{eCTB. 0THOCl1TCJlbHajJ 

ourn6Ka TCM 6onblllC, qe111 MCHblllC a6cOJllOTHajJ ae­

fl),['IHHa I13MepcHHoro B03MYIUCHID1. 

Ta6n11ua 1 

BKJJa.D. B no.nKpHTHYHOCTb ot. OT T0t.JCL{HbIX o6pa3L(OB BCLUCCTB B c6opKax KC-1 11 KC-2 

B03MYllleHtte B eit. (1000/Q) Ha rpaMM-aTOM 

BemecT- KC-1 KC-2 
BO r. CM 

0 4,1 7.1 8.1 0 3,7 4,97 6,06 
H 2,98 1,88 0.92 0.65 1,47 1,26 1.16 0,73 
D 1,15 0.83 - 0,64 0,27 1,04 1.10 0.92 
6Li -2,46 - 1.09 0,36 0,31 -2,40 -0,24 0,45 0,53 
vBe 0,57 0,62 1,03 0,89 0,32 1,35 1,54 1.37 
BCCT. -0,57 -0,12 0,77 0,80 -0,77 0,53 1,08 1.04 
Ile 0,084 0,57 0,91 0,74 -0,128 1.01 1,25 1.09 
Ibo 0,28 1,06 1,20 0,98 -0,086 l,19 1,72 1,63 
·-'Na -0,19 0,79 0,99 0,87 -0.51 l.23 1,65 1,39 
27Al -0.1 I 0,50 0,99 0.75 -0,23 l,IO 1,46 1.16 
~~Fe - 0,026 0,52 0.80 0.76 -0,33 0,99 1.33 1.13 
64Cu -0,148 0.56 0,95 0,86 -0,53 0,99 1,46 1.25 
65zn -0.164 0,61 1.03 0,88 -0,62 1.15 1,58 1,42 
IUOAg -0,68 0,33 1,30 1,12 -1.33 1,10 1.81 1,74 
11-cd -0.34 0,61 1.40 1.18 -0.98 1,35 2,01 1.72 
11;In -1.20 - 1,38 1,25 -1,70 1,39 2.07 1,82 
11"Sn -0.3 l 0.68 1.64 1,29 -0,69 1,58 2,18 1,85 
ll7] -1,05 -0,05 1,82 1,64 -1,34 1,80 2,69 2,45 
197Au -0,67 0,65 1,9 I 1.58 -1,20 1.75 2,64 2.42 
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BemecT-
BO 

0 
,u Pb -0,20 
LUYBi -0,188 
2331 +16.5 
'"Th -0.152 
mu 9.90 
LJOU 1,35 
,J,Pu 18,38 

Bemecrno 

H 
D 
6Li 
9
8e 

Beci. 
Ile 
160 
23Na 
Z7Al 
56pe 
64Cu 
65zn 
IUHAg 
11,ed 
1151n 
11 ,Sn 
IZ7J 
J97Au 

'
0 'Pb 

<\NBi 
LJ'Th 
LJJU 
<JOU 
LJOU 

'j'Pu 

OKOH 1-rnm1e rn6n. l 

BoJMYI..l.(eHJ,1e I! e.n. (1000/Q) Ha maMM-aTOM 
KC-I KC-2 

r, CM 
4,1 7,1 8.1 0 3,7 4,97 

0,71 1,74 1,52 -0,55 2,09 2,78 
0,66 1,82 1.62 -0,27 2.16 2.96 
10,7 5,17 3.58 16,8 - 9,6 
1,91 2,53 2,40 - 2,86 3,05 
6,73 4.01 2,84 11 ,16 8,19 6.34 
1.64 1,92 1.72 1,61 3.22 3,39 

12,68 6,23 4,20 22.84 15,0 10.7 

Ta6m1ua 2 

BKna.n. B no.uKpHTH'rnocTb 011 OT T0Liel!HhtX 06pa:n1.0B B KC-5 

80JMYI..l.(eH11c s en. ( I 000/Q) Ha roaMM-aTOM 
r, CM 

0 4,25 5,8 7,85 11,95 
3,43 1,91 0,5 I -0,034 -
0,46 1.72 0,83 0,25 0,018 

-5,85 -0,65 -0.19 -0,24 -0.28 
1, 13 2,67 1.52 0,64 0,079 

-1.77 1,23 0,83 0,22 0.014 
0,17 2,14 1,32 0,54 0,078 
0.38 3.03 2,01 0,75 0,038 

-0,055 2,42 1,72 - -
-0.108 2,32 1,44 0,59 0,083 
-0.32 2.13 1,28 0,50 0,096 
-0,59 2,26 1,39 0,55 0.11 
-0,70 2,52 1,56 - 0,10 
-2,70 2,26 1,21 - 0.29 
-1.54 3,03 1,83 - 0,12 
-3,47 3,00 1,65 - -
-0,91 3.38 1,98 0,87 -
-2,94 4,19 2,37 0,75 -
-2.43 3,95 2,17 - 0,13 
-0.12 4,55 2,75 1,16 0,27 
-0,19 4,38 2,69 - 0,16 
- 1,2 6.20 3,82 2,25 0,44 
31,8 28.7 16,0 7,36 2,05 
22.l 15,l 8,71 3,79 1,04 

2,69 5.43 3,02 1,12 0,24 
44,4 24,l 13,5 5,81 1.51 
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4 

~ 3 ::; 
::; ., 
Q. 
L.. 

-. 
g 2 

' "' :,: 

~ cl ;. ., 
"' 

:,: 

i 
0 

"' .., = ,:s: = 0 .; :,: 

Q. 
L.. 

~ ., 6 
e = g ., 
" Q. ., 
i ., 
:l 
>, 
:E .., 
0 

C!l 

-3 

P1-1c. 2. PacnpeneneHHe B03M)'llteHHW JlJlll 11a1-16011ee xapaKTepHblX BemecTB B c6opKe KC-2: 
1 - H; 2 - 239Pu; 3 - 235U; 4 - 238U; 5 - Fe; 6- Pb; 7 - Au; 8 - 6Li 
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P1-1c. 3. Pacnpe.ueneH1-1e BOJMyll.leIDrn )lJUI Ha1-16onee xapaK­
TepHbJX BemecTB e KC-5: 1 - H; 2- mPu; 3 - 235U; 

4 - 238U; 5 - Fe; 6 - Pb; 7 - Au; 8 - 6Li 

OnpeJJ,eJienue BeJIH'IHH 

(v- l)cr1 -cr:, a,r H vcr1 +as,r 

l10JI)"-leHHbJe no BO3Myn(eHl1HM 3Ha'IeHl1JI. 

a * ~-a crtr =- 11 (v- l )cr 1 -ac = -- 11,.1u1 uett1-pa aK-
n n 

THBHbIX 3OH npHBCJ).eHbl B Ta6n. 3. 3Ha•1eHl1}l 

(v -l)a 1 - a; JJ.Jin 3TaJIOHHoro o6pa:ma 
239I>u onpe­

.nemm11cr, Ha OCHOBe .naHHh[X [2, 3). 
,D,m1. HeKOTOpbIX HCCJIC.nyeMhlX Bell.(eCTB n ony­

•IeHHbIC 3Hat.JeHJ1H OJ).HOrpynnOBbIX napaMCTJ)OB MO­

ryr 6bJTh cpaBHCHhl c n apaMCTJ)aMH, nonyqeHHbJMl1 

Ha c6opKax «Godiva», «Jezebel» [ l , 5] 11 Ha p eaKTo­

pax HyneBOH MOll.(HOCTH EP-1 [6], «3eqrnp» f7]. 
,lJ,JIH p a.3Jil1'1HhJX aKTMBHblX 3OH H3 BblCOK006o­

rameHHOro rop10'Iero 3H34CHl1H a,r Mano OTJ111t.JaJOT-

cH .npyr OT .npyra (ne1111•11ma a,r HeCKOJihKO ynen11-

'IHBaeTcH n o Mepe CMJirl.fCHHH cneK1-pa). qTO KacaeTCH 

• 
BenwrnH (v - l)cr 1 - ac, TO nony'lcHHbie no BOJMy-

memUIM HX 3H84CHHH J).Jl}l He.neJIHll.(HXC11 BemecTB 

C MaJibIM ce4e1meM pa,nHaUHOHHOro 3aXBaTa .D.OBOJlb­

HO CHJlbHO 38BHCHT OT COCTana H reOMCTpHH HCCne­

.nyeMblX KpHTH'!CCKHX c6opoK. 3TO o6bHCHHCTCH TCM, 

'ITO onpe.nenneMOC 113 onblTOB no BO3MYIUCHHHM cc-

• t.JCHHC (Jc OTJIHt.JaeTC}l OT HCTHHHOro cet.JCHH}l pa.n11a-

U11OHHOro 38XBaTa Ha HCKOTOp ylO J).06aBOt.JHYIO BCJIH­

'lHHY cr x - a: - (Jc, KOTOpaH ti.AA pa.3JIHt.JHblX c6op OK 

MO>KeT 6h1Tb KaK OOJIO>KHTCJlbHOH, TaK 11 OTJ)HUa­

TCJlbHOH. ,D,o6aBKa OX BO3HHKaeT BCJICJJ.CTBHe l13MC-

He HH}l 3Hep nm HCHTJ)OHOB npH pacce1IHl1H. 

113 [5, 6] cne.n,yeT, t.JTO JJ.Jin ncex ncn rnx 11 J).JIH 

Mar11t.JCCKHX TH>KCJlbl X }IJ).ep BeJI11t.Jl1Ha cr_, o6h!'-lHO 

MHOTO 6onbUJC Ce'leHH}l cr c , a TaK)l(e .D,Jl}l Bcex T}l)f(e­

Jlb!X HCMarn'leCKl1X H.nep B CC'ICHl111 (JC npeo6na.n.aeT 

HCTHHHblH 3axnaT. 

Ta6n11ua 3 

3 Hat.JeHHJI nenH'IHH a,r, vcr 1 + a wr 1-1 ( v - 1 )cr 1 - a; JJ.Jin aKTHBHbIX JOH c6opoK KC-1, KC-2, KC-5 

a - 13 (v-l)o 1 -cr;, M6 Beme- o,r =-, 6 VO f + 0 srr - - ' 6 
CTBO II n 

KC-1 KC-2 KC-3 KC-1 KC-2 KC-3 KC-1 KC-2 KC-3 
IH 0,84+0,14 0,76+0,17 0,94+0,24 1,31+0,14 1,00+0,16 1,43±0.24 634±20 248±22 291±18 
iD 1,94±0,15 1,63+0,15 1,95±0.09 2,08+0,15 1.68±0,14 1,98+0,07 241±10 45±8 32±3 

6Li 2,32+0,33 1,98±0,11 1,97+0,21 2.82±0.33 1,61+0,10 1,53+0,20 - 508±12 -399±14 -487±13 
9Be 2,38±0,16 2,34±0,07 - 2,48±0,16 2,39+0,07 - 119±5 54±9 -
Bc:cr. 2.37±0.12 2,25±0, 11 2,58±0.05 2,26±0,12 2,13±0,10 2.45+0,05 - 11 8±4 - 128±12 - 147±4 
,ic 2,40±0, 10 2,24±0,04 2,53+0,04 2,41±0,10 2,22±0,04 2,54+0,04 17±2 -21±3 14±3 
160 2,94±0,30 2,93±0,17 3,38±0,15 2,99±0,30 2,92±0.16 3.41±0,13 58±16 14±24 32±11 
23Na 2,68±0,20 - 2.60±0,24 2,65±0,20 - 2,61±0,24 -39±12 - -4±7 
21AI 2,76±0,06 2,58±0,06 2,77±0,04 2,74±0,06 2,55±0.06 2,76±0,04 -22±3 -38±13 - 9±2 
j 6Fe 2,67±0,06 2,58±0,04 2.86±0,05 2,68±0,06 2,53±0,04 2,84±0,04 -5±2 -53±3 - 27±2 
64Cu 2,88+0,09 3,10+0,07 3,31+0,06 2,85+0.09 3,02+0,06 3,26+0,05 -31+2 -87+3 -50+2 
0'Zn 2,98+0,06 3,20+0,07 3,52+0,05 2,95+0,06 3,l l+0.07 3,47+0,04 -34+6 -102+7 - 58+2 
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OKOH'-18HJ1e rn6n. 3 

a ~ (v - l)cr f -a; , M6 Bew,eCT- cr1,=-,6 vcr f + crstr = - , 6 
II II 

BO 
KC-I KC-2 KC-3 KC-I 

w•Ag 4,0J+0,07 3,89+0,08 4,30±0,05 3,88+0,07 
med 4.14+0,06 4,10+0,07 4,53+0,05 4.07+0,06 
'Din 4,14±0,30 4,14±0,17 4,88±0.18 3,88±0,33 
IIYSn 4.30±0,14 3,98±0,09 4,37±0.11 4,24±0.08 
WJ 5,11±0,07 4,85±0,21 5,90±0,40 4,91±0.67 
'9'Au 5,39±0,18 5,02±0,09 5,70±0,l7 5,27±0. 18 
SU/Pb 5,36±0,08 5,03+0,1 l 5,42±0.07 5,32±0.10 
"""Bi 4,95±0,10 5,09±0,10 5,16±0,07 4,92±0.10 
"'"Th 6,4±0,6 5,68±0.04 7,0±0.3 6,45±0.60 
<>-•u 5,9±0,4 5,20±0,9 7,03±1,4 9,08±0.40 
"'"U 4,9±0.3 4,8±0,3 5,53±0,40 6,81±0.30 
<JOU 5,16±0,09 5,04±0,12 5,31±0,07 5,41±0.09 
,,,Pu 5,08±0,40 4,91±0,34 6,21±0,53 8,88±0.40 

Onpe11,enem1e HJ BOJMyl.l\eHnii cpe,!luero 
BpeMeHH ,KHJHH MrnoseHHblX ueiiTpOHOB 

l13Mepemui B03Myu(eHl1H MO)KHO 11cnOJlh30B8Tb 

,/l,llil onpe.nenemui cpe.nHero spe.Me1m )1{113HM MrHO­

seHHbIX HeHTpOHOB -r. ,[(JUI '-111CTO nornomaIOll(ero 

Bell{eCTBa BeJIH'-IHHa T onpc.nem,eTC.R 113 COOTHOUJeHl-t.H 

R 

41tJ P(r)OPr (r)r2dr 
't' =--"-0 _____ _ 

Lr(0)u(0) 
(6) 

u(0)cr (0) 
r.ne P ( r) = e - pacnpe,nenem1e nnOTHOCTl1 

u(r)crc (r) 
B03Myll{al0ll.{ero Bell{eCTBa no pa,uHycy; Ope ( r) -
pacnpe.neneHHe B03Myll{eHH.R OT nornomawmero Be­

ll{ecrna (B a6COJ11-0THblX C,lll1HHU8X peaKTHBHOCTH); 

Le ( 0) - cpe.nttee MaKpOCKOnHlJCCKOe CClJCHl1C 38XB8-

Ta B03MymaIOll(ero BCll{CCTBa B UCHTpe; u(r), O"r(r) -

cpe,nHHC CKOpOCTb HCHTJ)OHOB H cetJemIe 38XB8Ta no­

rnoTHTCJUI B TO'-IKC r ; R - BHeWHMH pa.nJ1yc c6opKH. 

,ll.1111 nornomawmero Bemecrna c xo,uoM ce'1etttt11 

K nK 
O"c = - 11.MeeM P(r) = 1, Le (0) =-- 11 

u u(0) 

R 

4nfopc(r)r2clr 
't = _..::_O ____ _ 

nK 
(7) 

KC-2 KC-3 KC-I KC-2 KC-3 
3,69+0,09 4,J0+0,0-1 -141+4 -220+!2 -230+5 
3,96+0,07 4,41+0,05 -71+3 - 163+7 -128+5 

3.88±0,17 4,62±0,17 - 248±26 -280±15 - 289±13 

'.\.87±0,08 4,30±0,11 -64±3 - 115:!;7 -76±8 

4,65+0,20 5,68±0,33 -217±26 -222±20 -245±24 

4.83±0.09 5,52±0,16 -138±7 -199±12 -202±10 
-1,94+0, IO 5,41+0,06 -42±5 - 91±10 -10±6 

5.00±0.1 l 5.15±0,07 -39±6 -45±9 - 16±6 

5.36±0.40 6,98±0,32 -3 1±3 - - 108±20 

8,34±0.90 10.4±1,4 3400±80 3230±80 -3320±70 

6.72±0,32 7,46±0,40 20-I0±30 2060±30 -2060±30 

5,28±0,12 5,51±0,07 279±4 268±5 224±4 

8.70±0,34 9.89±0.53 3800 3800 3700 

,ll;rn .nen11meroc11 semccrna 't' onpe.nen11eTCR 113 

CO0TH0WeHIDI 

(8) 

r.ue Lf (r), La (r), 8p1(r) - MaKpOCKOnHtJeCKHe 

CC4CHl1.R .ueneHIDI H TIOJIHOro 38XBaTa 11 B03Myu(CHl1C 

peaKTHBHOCTl1 ,/l,llil .nem1meroc.H Bell{CCTBa B TOlJKC r. 
Pe3yJll,TaTbl paC'-!CTa no q>opMynaM (5-8) BCIDl­

'-l11Hbl 1 .D)UI c6opoK KC-I H KC-2 npHBe,11,eHhI B Ta6n. 4. 
3ttatJeHH.R cpe,n:Hl1X CKOpOCTCH HCHTJ)OHOB 11 CClJCHHH 

B3.RTbl 113 [2). BeJI11lJl1Hbl Ope (r) 11 Op J (r) IlOJlY"lJCHbl 

H3 .uaHHblX no B03MymeHIDIM ,ll.Jl.R o6pa.3UOB 
197 

Au 
H 239Pu TIYTCM BbllJCTa BK.Jla,ua B peaKTHBHOCTb OT yn­

pyroro 11 Heynpyroro pacce11tt11i1. 

Tip11BC,llCHHhlC B rn6n. 4 BpeMeHa )1{113Hl1 MrH0-

BCHHblX HCHTJ)OHOB )],JUI KC-1 11 KC-2 C T04HOCTblO 

.no ow1160K 113MepCHl1H cornacyIOTCR co 3HatJeHIDIMl1, 

noJiyl!CHHbJM11 B 113MepeHIDIX BpCMCHHOH nOCTORH­

HOH a-Pocc11. 

Ta6n11ua 4 

3ttatJett11c BCJil1lJHHbl 1 a c6opKax KC-I 11 KC-2 

t·l08
• c 

C6opKa Jib BOJM ,'llleHJili 
OT LlYPu oT 197 Au 

KC-1 0,56+0,06 0,57+0,06 

KC-2 0,38+0,03 0,30±0,03 
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---

IlpaBHJJa o<j>opMJJeHHH CTaTeH 

(yrotrneHHbie B COOTBeTCTBHH C Tpe60B3HHHMH BAK 2008 r. - BbI,UeJieHE,I n/')K wpH<j>TOM) 

IlpH no.o,roTOBKe CTaTbl1 B c6opHHK aBTOp ,noJDKeH PYl<OBO,l\CTBOBaTbC.!I CTaH.o,apTOM «OpiirI-IHa.Jlbl aBTOp­

CKHe J,f TeKCTOBbJe H3.D,aTCllbCKHC» (OCT 29.115-88). K aBTOpCKHM. opHnmanaM, ncpe,naBaeMbIM )].JUI 113,naHIDI, 

npC.D,b.!IBJl.!llOTCH cne,nyJOllJ,11C TJ)e6oBaH I-rn: 

l. 3K3CMilJI.!1p CTaThl1 ,nOJI)KeH 6h1Tb nepBblM. OTnC'iaTaH Ha 0.0,HOH CTOpOHC JlHCTa cpopMaTa A4 lllpH<pTOM 

.N'!! 12 qepeJ 2 HUTepBa11a. CTaTb.!I .nom1rna 6hJTh cocrnBneHa B cne.o,yI-OllJ.CM nopMKe: 11H.o,eKc Y~K; Jarna­

sue; HHHUHaJlbl H <J>aMUJIHH aBTOpoo; MCCTO pa60Tbl K3)KJ{Oro aBTOpa C noqTOBbIM a}."(peCOMj 3IIHOT3· 

UHH (ne 6011ee 10 CTpOK); KJIIOlfCBblC CJ1083 - BCC Bbillienepc'iHCJICHHOC Ha pyccKOM H aurJIHHCKOM Sl3bl­

Kax; TeKcT; cn11COK Jll1Teparyphl ; p11cyHK11; no.o.p11cyHO'IHbJC no,nIDICl1 (Ha OT.D,CJlbHOM JIHCTe). 

2. CTaTbH .D,OIDKHa TaK)l{C npe.noCTaBJI.!!TbC.!I o6.!13aTCJlbHO B BH.D,C :>JJCKTpOHHOII eepc1rn 06bl'-IHblM 

wpn<J>ToM .N'!! 11 Times New Roman, Me)KllycTpOttHblH HHTepea11 - o.nuHapttblH, B pe.o,aKTope Word 97 HJIH 

6onee Il03.D,HHX BCpCHH. TeKCT HC cpopMaT11pyeTCH, B Ka'iCCTBe 11MC1111 cpawna Hc□OJ1b3YCTCH <1>110 nepsoro aB­

Topa crnThl1. Kasbl'IKH B TeKcTe CTaB.11Tc.11 npu a11rm1itcKon paci-:nan~e 1'.riaoI-1arypbI (" •• "). 

3. Co.o,ep)Kam1e CTaTbH ,UOJI)KIIO 6b!Tb KpaTKHM 11 L(CTKHM. l1CKJ1104alOTC.!I 0611n1e paCCY)K,UCHl-1.!1. H'..IHCCTHblC 

nOJI0)KCHHH. He .o,on ycKaeTC.!I Jly61111posam1c MaTep11ana B TeKCTC, Ta61111uax, □0Jlp11CYHO'lHblX D0Jl11I1C.!IX. He­
o6XOJll1MO co6mo.o,aTb e.o,11Hoo6paJ11e B Han11ca111111 TepMHHOB, HaH MCHOBaHHH Ql11311'!CCKl1X BCJ111'iHH 11 C;1I1HHU 

H3Mepemrn, ycJIOBHblX o603Ha4CHIIH, COKpallJ,CHHH, C11MBOJIOB. Ha11MCHOBaHHH II o6o3Ha'!CHH.!I e.o,I1H I1U Ql11311-

tfCCKl1X BemilfHH Heo6xo.o,11MO npHB0JlllTb B CHCTCMe Cl1. 

Heo6xo.o,11Mo o6palli,aTb BHHMaHHe Ha uanncauue nponuCHhlX H cTp0'IHbIX 6y1rn: pycc1rne 11 rpeqe­

CKHe 6yKBbl (a, p, 'Y, (j) HT. A,) Ha6upatOTCH npHM0, a Jl3THHCKHC (x, Y, z, w "T. Jl.) - KypcuB0M. Te )Ke rpe-

6osaHml B o603HatfCHH.!IX HY)KHO co6mo.o,aTb np11 Han11caHl1H 11H.D.CKC0B 11 CTCnCHCH B cpopMynax. 06o3H3'-IC­

HHH MaTpHU H BCKTOpOB 11a611pat0TCH UOJIY"-HPHblM lllpH!pTOM npHMO. <l>opMyJihl, BKJJIO'ieHHblC 8 TCKCT, 

cne.o,yeT 11a611paTh 6e3 yeenw-1e1-111.!I 11HTcpsana MC)K.0.Y CTJlOKaM11. 11anp11Mep bid, exp(x/e). 

4. Ta6Jil1UhI HYMepyioTCji, Ka)KJ{aH Ta611uua AOmrrna HMCTb 3aro11osoK. CoKpaLUCHH.!I B rpacpax Ta6mtUhI 

He .o.onycKalOTC.si. B TCKCTe HC06xo.o,11Mhl CCbIJlKH Ha BCe ra6mll.(bl. Ka)KJ{aH Ta6JIHU,a DC'-13T3IOTCH ua OT• 

]leJlbHOM JJHCTe, a B )JleKTpOHIIOM BHAC npeJlCT3BJIHCTCH OTJ."(eJJbllblM <J>aHJJOM. 

5. <l>opMyJihl 11 6yKBCHHblC o603Ha'ieHHH BCJ111lfl1H .D,OJI)l(Hbl 6hITh pa3Me'iCHbl 11 cpaJy pacu111cppoBaHbl. 

<l>opMyJlhI HYMCPyIOTC.!I apa6CKl1MH u11cppaM11, HOMCp CTaBl1TC.!I C npaBOK CTOpOllbl JlHCTa B KpyrnbJX CK06Kax. 

HyMepOB3Tb CJie}."(yeT TOJlbKO Te <J>opMyJJbl H ypas11eum1, Ha "OTOpbte eCTb CCblJJKa B nocJJeAyt0m.eM H3· 

110:lKe111111. <l>opMynhI BhrnoJIHjiI0TC.!I B pe.o,aKTope Equation 3.0 11JIH MathType np11 HCB03MO)KHOCTH tta6opa Ha 

2 11 C fl l 
KJJaB11arype (xii, Ym• ....;x, X, - 11 T. Jl.). TIOJlCTp04HbJC 11 Ha,UCTJ)OlfHhIC 111-1.neKCbl BBO.D,.!ITCH C KJ1ae11arypbl 

0 y 

(x3, KM
2 

11 T . .o,.), rpelfeCKHC 6YKBbI BCTaBJij!IOTCj! qepe3 MeH10 BcmaeKa ➔ cu.At60J/. 

6. B TCKCTe CTaTbl1 p11cy1-10K o6H3aTCJibHO npe.ncTaBJIHCTC.!I Ha OT.D,CJlbHOM Jll1CTC <f>opMaTa He 6onee A4. Ha 

p11cyttKax .nonycKaCTCH Ml1HHMaJibHOe tfHCJIO o603Ha<IeHHH - KpaTKHC u11cppoBbIC (no nop.!1.D.KY HOMepoB cneBa 

HanpaBO 11Jll1 no '!aCOBOH CTJ)eJIKe) 11Jll1 6yKBCHHblC o603HalfCHl1.!I. Bee DOj!CHCHH.!I Bb!HOCHTC.si B no.o,p11CyHO'i­

Hbie no.o,n11c11. Ha o6opoTe Ka)K.D,oro pHCyHKa YKa3blB310TC.si cpaMl1Jll111 aBT0p0B, HaJBaH11e CTaTbl1, HOMep pH­

CyHKa, o603Ha'!CHH.!I sepxa H mna. BHYTJ>CHHl1C 1-1a.nn11c11 Ha p11cyHKax Ha611pa10TCH lllp11q>TOM .N!! 10. BHI13Y 

Ka)K.D,oro p11cyHKa .D,OJDKHbl 6hITb npHBC.D,CHhl ero HOMep 11 no.o,pI1cy1-1o'iHa.!I no,nn11ch wpH<pTOM .N!! 11. Ilp11 Ha­

Jll1'!IDI HCCKOJlbKHX pa3JIH'iHblX rpaq>HKOB Ha 0.0,HOM p11cyHKC Ka)l(,UhJH 113 Hl1X o603Ha'!aCTc.si pyccKl1MH 6yKBa­

Ml1 a), 6), B) 11 T . .n. 11 pacw11cppOBb1BaeTCH. 

B 3JJCKTpOHHOM BH.D,e pucyttKH npeACT3BJIHIOTCH OTJleJJbllblMH <J>auJiaMH, BblilOJIHCHHblMCH B rpaq>H­

tfeCKHX pc,naKTOpax Paint, PhotoShop, Core/Draw B 4CpHo-6enoM UBeTe (cpornrpacpIDI - B paCTJ)OBOM cpopMa­

Te tif, dpi-300). P11cyttKl1 B Word He BCTaBJIHTb, KpOMe CJiy'iaCB, KOr.D,a p11CyHOK 113HatfaJibHO BhIIlOJIHeH B 

Word. 



7. CCbinK11 Ha Jil1Teparypy B TeKCTe .ua!OTCH no nopH.UKY, apa6CKl1Ml1 umppaWI B KBa,npaTHbIX CK06Kax. 

CnHCOK JIHTepaTypbl COCT3BJJHCTCH B TOH ,KC DOCJie,noBaTem,uocTH, 8 KOTOpoii npHBO)lHTCH CCblJJKII Ha 

JIHTeparypy. <J)aMHJIHH 11 HHHU,HaJibl aBTOpOB tta6HpaIOTCH noJiy)l(}fpHblM KypCHBOM. 

8. Cm1coK Jil1TepaTYPbI cne.uyeT ocpopMJIHTb B COOTBeTCTBl111 C rocy.uapcTBeHHbIM CTaH.uapTOM <d,116JIHO­

rpacpl1'-!CCKaH ccbUIKa» (fOCT P 7.0.5-2008), B '-!acrnocrn, Heo6xo,nHMO yKa:iaTb : 

a) .UJIR )l(YPHaJibHblX CTaTCH - cpaMJ1Jil111 H 11H11U11aJibl aBTOpOB (He MeHee -rpex nepBbIX), Ha:JBaHHe CTaTbH, 

Ha3BaHHC )l(ypttana (6e3 KaBbl'-ICK), ro.n., TOM, BbinYCK, HOMCp c-rpaH11UbI; 

6) .UJIR KHHr - <paMHJIHH 11 HHJJUHaJibl aBTOpOB, TTOJIHOC Ha.3BaHl1C KHl1rH, MeCTO 113,llaHHR, 113.UaTeJibCTBO 

(6e3 KaBbl'-ICK), ro.u 113,llaH115J; 

B) .UJIR aBTopecpepaTOB .u11ccepTal.lHH - cpaMl1JIHIO 11 11HHUHaJibl anTopa, Ha:JBaHHC aernpe<j>epaTa JJ.I,ICCeprn­

UHH, Ha C011CKaHl1C KaKOH Y'-ICHOH CTenctH1 Han11caHa .uuccepTaUHH, MeCT0 11 ro.11. 3aLUHTbI; 

r) .ZJ.JIR npenp11HT0B - cpaM11JIHH 11 11H11UHaJibl aBT0pOB, Ha:JBaH11e rrpenp11HTa, ua11MeHOBatt11e 113.ZJ.alOLUeH 

opraH113au1111, nrn<j>p 11 HOMCp, MeCTO 11 rn.n. 113.ZJ.aHHR; 

.n.) .ll,JIH naTeHTOB - cpaMHJIH11 11 HHIIUHaJlbl aBTOpon, Ha3BaH11e naTCHTa, c-rpaHy, HOMep 11 KJiacc naTCJJTa, 

.D,aTy H ro.n. 3a}lBJieHHR 11 ony6m1-KOBaHI1SI naTCHTa; 

e) ,UJI51 OT'-ICT0B - cj)aMHmm H HHHUJtaJibl aBTOpOB, Ha3BaHHC OT'-ICTa. HHBCHTapHbIH N2, Hal1MeH0BaHtlC op­

raHH3aUH11, ro.u BhmycKa; 

)K) ,!lJIH JJieKTpOHHblX HCTO'IHHKOB - DOJJHblH JJJCKTpOHHblH a,!lpec (BKJIIO<taH ,1l3Ty o6pameHHff I..: HC· 

TO'IHHKY), Il03BOJIR!Oll{l1H o6pantTbC}l K ny6n11Kau11H. 

9. B KOHUC TCKCTa nepe,!l cmtCI-.OM JH1Tepa1)'pbI YK33blB3CTCH KOHT3KTH3H 11114>opM3UHH O ncex aB­

TOpax CT3Tblf: it,aMHJJHfl, HMH H OT'ICCTBO (nO.fl HOCTblO), ,!lOJl,KHOCTb, Te.rieit,ou, e-mail l1 no )l(eJiaHl1IO aB­

rnpa - .UOMallIHl1H IIO'iTOBblH a.upec. 



YTO'IHennaH uu«t,opMa~HH AJIH 'IHT3TeJieu 

uayquo-Texnu'tecKoro c6opnuKa 

«BonpOCbl aTOMHOH uayKH H TexHHKH. CepHH: <l>HJHKa HAepHblX peaKTOpOB»! 

Pe,nK01rnerID1 c6opH11Ka "BAHT. CepID!: <l>H3HKa H,nepHhIX peaKTopos" 

HHq>OpMHpyeT asTOp0B J,f 'iHTaTeJleH c6opHHKa 06 opraHHJaUHH no,nnHCKH Ha 

«BART. CepID!: <l>HJHKa H,nepHhIX peaKTopos». I10,nn11cnh!e HH,neKChI OAO 

Arencrna «Pocoe,ian»: HH)J.eKc 66675 co II nonyro,nHH 2007 r. s KaTanore 

«I-fa.naHID! opraH0B Hayqno-TeXHH'ieCKOH HHq>OpMaUHH» H HH,neKC 32067 
c 2010 r. B Karanore «faJeThJ. )l{ypnanhr». 

RanoMHHaeM, '!TO «BAHT. CepHH: <l>HJHKa H,nepnhrx peaKTopos» no­

npe)lrneMy 113,naeTCH B rpex BhmycKax: «<I>H3HKa H MeT0.D.hl pac'!eTa MepHhIX 

peaKT0p0B», «.n:HHaMHKa H 6eJonaCHOCTh H,nepHhIX :mepreTH'ieCKHX ycrn­

H0B0K» H «HMnynhCHhJe peaKTOphI 11 np0CThie Kp11TH4eCKHe c6opKH>>. 

Tiptt3hJBaeM 3aHHTepecoBaHHhIX cneuttaJIHCT0B no,n.nep)l(aTh aKTHBHOH 

no.nnttcKOH c6opHHK «BART. CepHH: <l>HJHKa H,nepHhIX peaKTopos». 
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