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Bh1nycKH "<l>K3HKa H MeTO.llhl pacqera .ll.nepHhIX peaKTopoe" 

no.nroTaBJlHBaJOTC.ll PocCHHCKHM Ha)"IHl>IM UCHTpOM " KypqaTOBCKHH HHCTHTyf" 

H pattee BhlXO.QHJIH B COCTaBe cepHH " <I>H3HKa H TCXHHKa .ll,nepm,1x peaKTopoe" . 

.L(aHH.hIH BbinyCK TpHJlUaTh BOCbMOH. 

Pe.QaKneouna11 KOJIJiereH cepee : 

A.JO. rarapHHCKHH (rnasHblH pe.naKTop), 
C.M. 3apm.uc.1rn (3aM. rnasRoro pe.uaKTopa), B.<I>. Konecos, 
C . .[(. Mamc.HH, A.E. KpowHJIHH, E.A. CTapoCTHHa (0TB. ceKpei-apb). 

B BblnyCKe " <l>H3HKa H MeTO.llbl pacqe-ra .11.llepHblX perucropoa" ny6nHKYJOTC.II MaTepHaJihl no cnenyioIUHM aonpoCaM: 
- MaTeMaTH'leCKHe npo6neMbl TeOpHH nepeHoca H TeopHH peaicropoa; 
- TeOpH.11 H MeTO,llbl pacqe-ra .11.11epHblX peaKTopoa, 6naHKeTOB TepMO.11,llepHbIX perucropoa, panHallHOHHOA 3anutTbl, 
nepeHoca HJnyqemd1; 
- npo6neMbl o6ecne'leHH..II paC'leTHblX H 3KCnepHMeHTaJil,HblX HCCne.11OB8.HHA nporpaMMaMH .llflll 38M; OnHCaHH.ll H 
8.HHOTllUHH nporpaMM, KOMnneKCOB H CHCTeM nporpaMM; 
- pac'leTHble HCCne,llOBaHH.11 no <l>H3HJ<e .11.llepHblX peaicropoa, 6naHKeTOB TepMO.11.llepHblX perucropoa, PaJJ.HallHORHOA 
JaIUHTbl, nepeHoca H3nyqeHHM; 
- 3KCnepHMeHTaJibHble MeTO,llbl H 3KCnepHMeHTaJibHble Hccne.11OB8.HH.II no <l>H3HKe .11.11epHLIX perucropoa H B nepe'IHC· 
neHHblX CMelKHblX 06naCT.11x; 
- o6IUHe npo6neMbl .11.llepHOH 3HepreTHKH. 

MaTepHaJibl .lln.11 ony6JlHJ<OB8.HH.II cne,nyeT HanpllBil.llTb a PoccHACKHA HayqHblH uer:rrp "Kyp'lllTOBCKHA HHCTHryT" 
Ha HMJI rnaBHoro pe,nrucropa cepKH. 

Materials related to the topics described below are published in series "Nuclear Reactor Physics": 
- mathematical problems of transport and nuclear reactor theory; 
- theory and calculational methods for nuclear reactors, fusion reactor blankets, radiation shielding and radiation 
transport; 
- codes for calcuJationaJ and experimental investigations; descriptions and abstracts of codes, code complexes and 
systems; 
- calculationaJ analysis of reactor, blanket and shielding performances and radiation transport; calculationaJ analysis 
of some nuclear energy development aspects; 
- experimental methods and experimental analysis in field of nuclear reactor physics and other above mentioned items; 
- general problems of nuclear power. 
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Y~519.24 

IlJI3HHp0B3HHe H 3H3JIH3 ,naHHLIX ,nmr CHHTeJ3 MHOroMepRblX 33KOHOMepHOCTeii 

(HeJIHHeU:HblH MHOro(j>aKTOpHblH 3H3JIHJ
1
)) 

B.M. MopoameB, 
<l>rY P~ "KypLJaToacK1rii HHCTmyr", 123182, MocKBa, ruJ. Kyp4aTosa, 1 

113JIO)l(effbl MeTOAOJJOfH,SI TIJiaHHpOBaHID! H aHaJIH3a JJ,aHHblX JlJJ,SI CHHTe3a MHOroMepHbtX 3aKOHO­
MepHOCTeH C TTOMOIUblO BH3YaJIH3au1m H o6ecne•rnBalOIIU1H ee MeTOA npH6mraceHl1JI qI-fcJieRHOH HH­
q>opMamrn Q>YHKUHJIMH C "pa3Aemaoru:KMHC,SI" nepeMeHHhJMH. MeTO,ll pa3pa60TaH JlJ].8 cnyqaeB HCXO,ll­
HblX .naHHblX B BH)le: a) Ta6JJH11,bl, B KOTOpOH 3anOJ1Hem.1 Bee .81leHKH; 6) opTOrOHaJibHOH Ta6mull,I, B 
KOTOpOH 3anonHeHb1 BITOJJHe onpeneneHHble .ll'le.HKH; B) Ta6muu,1, B KOTOpOH He 3anoJIHeHbI, eoo6me 
roaop.11, npOH3BOJibHble .11qei1KH. MeTO.ll ycnearno npHMelUlJJC.8 JI.JI.II pa3JJH1lHblX 3aJ).aq aTOMHOH ttayKJ.f H 
TeXHHKH. 

Data planning and analysis for synthesis of multi-dimensional laws. V.M. Mordashev. Here is 
described methodology of data planning and analysis for the synthesis of multi-dimensional laws by 
means of visualization. It is founded on a method of approximation by means of " separating" variables. 
Method developed for the data, which are submitted in the form as: a) a table, in which all cells are filled; 
b) an orthogonal table, in which quite certain cells are filled; c) a table, in which arbitrary cells are not 
filled. The method has successfully been used in various tasks of nuclear science and technology. 

P83BHTHe 3KCnepHMeHT8JlbHOH TeXHHKH, BbllJHCnHTeJibHblX MeTOA0B, 3BM, M8TeM8THtJeCKO­

ro MOAeJIHposaHIDI pe3KO pacurnpHJI0 B03MO)KHOCTH nonyqeHIDI. l.JHCneHHOH HHq>OpM81.{HH O ca­

MblX p83HblX npou,eccax H .SlBJieHlUIX. 11 3TH B03M0)Kff0CTH cero,nHR 8KTHBHO HCCT0Jib3)'lOTC.sl. OJl­

HHM H3 pe3yJibT8TOB peaJIH381.(HH 803MO)K}f0CTeH no.rryqeHIDI 4HCJieHHOH HHq>OpMau,HH .slBJUleTC.sl ee 

6ypHblH pOCT. Tax, HanpHMep, T0JibK0 no 0JlH0My sonpocy - KpH3HCy TenJI0OTJl811H npH TecieHHH 

KHlllmeii 80.L{bl B TPY6ax 33 10 JleT (1956 .. . 1966 rr.) ony6JIHKOB3Hbl JleC.slTKH TblC.sl'-1 3KCnepHMeH­

T8JlbHblX Jl8HHblX [2]. 
qHCJieHHa.sl HHq>OpMal.J,IDI H)')l<Ha He CaMa no ce6e, a AJI.sl C03Jl3HH.sl p83JIHqffbJX ycTpOHCTB, 

TeXHOJIOrHl.JeCKHX npoueccos, onTHMH381.J,HH HX, ynpasJieHH.sl HMH H soo6me JlJl.sl npHH.slTIDI p83H0-

ro poAa peUJeHHH. no:rrOMY 4.HCJieHHa.sl HHq>OpM3UIDI ,ll0Jl)Kff8 6b!Tb H npeJlCTaBJieHa B TaKOM BH­

Ae, KOTOpblH n03BOJijJJI 6bl npHMeHRTb ee HaH6onee 3q>q>eKTHBHO. l1HblMH CJIOB8MH, lfflCJieHHa.sr 

HHq>OpMaU,H.sl JlOJl)Kffa 6b1Tb ynaKOBaHa B np0CTble, H8rJI.sl,L{Hble H YJl06Hb1e MOJleJIH, TaKHe KaK, Ha­

npHMep, q>OpMyJibl, rpaq>HKH, AHarpaMMbl, HOMOrpaMMbl. 

Bee 3T0 CTaBHT 38A8LJY C)K3TIDI H ynaKOBKH lJHCJTeHHOH HH<pOpMau,HH JlJIJI ee HCn0Jib30BaHH.sl H 

0CMbJCJieHIDI B nOJIO)KeHHe OJlHOH 113 CaMblX aKTYaJibHblX npo6neM He TOJlbK0 HayKH, HO H TeXHH­

KH. P83yMeeTc.sr, 38,nat.ta C)K8THJI H ynaKOBKH lfflCJieHHOH HHq>OpMaU,HH 803HHKJia He cero)lHR, 8 

BMecTe C B03M0)Kff0CTblO H3Mep.srTb H C4HT3Tb. OcHOBHblM MeTOJl0M C)K8TIDI H ynaK0BKH l.[HCJieH­

HOH, HanpHMep, 3KcnepHMeHT8JlbHOH HHq>OpMaU.HH C n0MOll.lblO MaTeMaTHtJeCKHX MO,lleJieH cny­

)KHT annpOKCHM3U.IDI. 

l)npe)ICHee HaJBaHHe "HeKJiaCCH1leCKHH MeTO.ll .llHCKpeTHoro np11611IDKeHJ,1,SI <pyHKUHH MHOrHX nepeMeHHbIX" 
[1] 
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.. 
1. IlocTaHOBJCa 3aAa'IH 

OcHOBHrul 3a,n.a'ia annpOKCHMaUHl.f B KJiaCCH.LfeCKOH ee nocTaHOBKe cpopMYI IH.pyeTCR cne.1zy1o_ 

ll{HM o6pa30M [3]: "Ha HeKOTOpOM TO'ielfHOM MHO)KeCTBe MB npocTpaHCTBe npOH3BOJJbHOro 11Hc. 

na H3MepeH1rn 3a,uattbr ,n.se cpyHKUHH: cp(P) H F(P; A 1,A2, .. . .An) OT TOLfKH PE M , H3 KOTOpbrx BTo-

prui: 3aBHCH.T ern.e OT HeKornporo •-mcna napaMeTpOB A 1,A2, .. . ,An; 3TH napaMeTpbl Tpe6yeTCR onpe. 

,n.emfTb TaK, lff06br yKJioHemrn B M cpyHKl.lHH. F(P; A 1,A2, .. . ,An) OT cpyHKUHH cp(P) 6brno HaHMett1,. 

lllHM. IlpH JTOM, KOHet.rno, D.OJ[)KHO 6blTb YKa3atto, l.fTO noHHMaeTCR no.u. yKJiotteHHeM F OT q> ". 
CoepeMeHHble Bb14HCmrrem,Hble MeTOD.bl ( CM., HanpHMep, [ 4, 5]) H 3BM n03BOJUIJOT noqTH 

ecer.u.a pemaTb 3TY 3a_uaLfY annpoKCHMaum1 npu npaKTHYecKH npoH.JBOJJbHbrx Ha6ope 11cxo,nHI,I)( 

,n.aHHblX (3Ha'ieHHH cp(P)) H Mepe YKJIOHeHIDI F OT q>. Xon 3.D.eCb H MOryT BCTpe4aTbCR CBOH CJJO)f(­

HOCTH, CBH3aHHbie co CXO,D;KMOCTblO H e,llHHCTBeHHOCTblO perneHHR. 

O.u.HaKO B npHBeD.eHHOH Bblille (pOPMYJJHpOBKe OCHOBHrul 3a,llal.fa annpOKCKMal.(HH Tpe6yer, 

IIT06bI B Ka)K)];OM KOHKpeTHOM CJT)"-lae HCCJJeD.OBaTeJJb HMeJI CBeD.eHHSI O BHD.e annpoKCHMHPYJO~eii 

cpyHKUHH F, T.e. H.MeJI "reopHlO" npouecca HJIH SIBJiemui, 0 KOTOpOM lfMeeTCSI •rncneHHaSI HHq>op­

MaUHSI. Ha npaKTm<e )Ke □pH HCCJJeD.OBaHHH CJrO)KHblX HJJH Hen03HaHHbIX rrpoueccoB TaKrul " Teo­

pHS!", T.e. BH.D. arrnpoKCHMHp)'lOIUeH cpyttKUHH F(P; A1, . . . , An), 3aYaCT)'lO Japattee OTCyYCTBy er H 

caMa D.OJ[)l(Ha SIBHTbCR pe3yJibTaTOM aHaJlHJa lfHCJieHHOH HHcpOpMaUHH. IlpaB.u.a, eCJIH pe'fb HD.er Q 

rrpH6JIH)KeHHH HerrpepbIBHblX cpyHKUH.H, TO cyrn.ecTB)'lOT yttHBepCaJlbHble KJiaCCbl npH6JimKaJOIIJ,HX 

cpyHlC.UHH TaKHe, HanpHMep, KaK PRD.bl <l>ypbe HJJH CTeneHHbie PRD.bl , rapaHTHP)'lOIUHe CKOJlb yro~­

HO TOlf.HOe rrpH6mo1<emre npH D.OCTaTO'lliOH .u,mrne PRD.a. MeTO.lJ.bl npH6JIH)KeHHSI Ha TaKHX KIIac­

cax D.OCTaTOl.[HO xoporno pa3pa60TaHbl H peaJlH30BaHbl Ha 3BM. 
H TeM He Mettee, HeCMOTpR Ha pa3pa6oTaHHOCTb 3THX MeTO,D;OB, Ha npaKTHKe .llJUI npH6JJH)f(e­

HIDI cpyHKUHH HeCKOJlbKHX nepeMeHHblX OHH npHMeHSIJOTCR OTHOCHTeJibHO pe.n;KO, eCJIH CTenem, 

IlOJIHHOMa npeBbllllaeT TpeTblO, H HCCJieD.OBaTemt o6bT'fHO CTpeMSITCR nonyqaTb npH6JIH)KeHID( 

<pym<.UHRMH .u.pyroro BH,lla, 6onee YD.06Horo )];JJR HHTepnpeTauHH H D.aJJbHeHlllero HCilOJlb3088.HHJI 

nonyqeHHI,IX Mo.n;eneii. ITpHlfeM YKa3aTb 3apaHee BH.ll y.uo6HblX annpoKCHMHPYJOIUHX cpyHKUHH He 

rrpe.u.cTaBJUleTCR B03M0)1{Hb(M, nocKOJlbKY npeD.nOl.[THTeJlbHOCTb TeX HJJH HHblX cpyHKUHH JaBHCHT 

OT KOHKpeTHOH 3a,ualfH. 

O.D.HaKO OD.HO H3 CBOHCTB npH6JIH)KaJOIJ..lHX cpyHKUHH, npe.unolfHTaeMblX HCCJie,noBaTeJIRMH, 

YKa3aTb MO)KHO - nepeMeHHble B HID( HJJH B J,fX npeo6pa30BaIDUIX D.OJDKHbl pa3D.eJIRTbCR. 3TO o6b­

RCIDleTCR TeM, 'iTO HHTepnpeTaUHSI cpyHKUHH C pa3.lleJISl10Il{HMHCR nepeMeHHhlMH 6bIBaeT HaH6onee 

ecTeCTBeHHa, a caM.H OHH BeChMa y.uo6HhI .llJUI npHJJO)KeHHH, B YaCTHOCTH, .uonycKaJOT BH3YaJIH3a­

UHIO (HanpHMep, B BHD.e CBR3HOH COBOKynHOCTH rpacpHKOB HJJH HOMOrpaMM). ,[{a H B no,llaBIIRI0-

1.l..leM 60JibllIHHCTBe ecTeCTBeHHOHaylfHblX 3aKOHOB nepeMeHHbie pa3D.eJIRJOTCR. 

EcJIH paHee npH nocTpOeHHH MaTeMaTHYeCKHX MOD.eJieH )];JJSI ynaKOBKH LfHCJieHHOH HH<pOpMa­

UHH npeo6Jia,llaJla CHryaum1, Kor.ua Ha OCHOBe HeKOTOpbIX TeopeTHlfeCKHX coo6pa)KeHHH O K8K0M­

JIH6o npouecce HJIH SIBJieHlfH BbI6HpaJJCR BHJJ. MaTeMaTH'ieCKOH MOD.eJJH, a K03<pcpH1 . .(HeHTbl, BX0-

.llS!llJ,He B Hee, nOJI)"IaJlHCb B pe3yJibTaTe perneHHR 3a,llalfH npH6JIH.)KeHHR OilblTHblX (lfHCJieHHblX) 

.uaHHb[X 3TOH MO,lleJibfO, TO HbIHe TaKaR CHryaUHSI BCTpel.faeTCSI see pe)l(e H pe)Ke, TaK KaK H3yqe­

HHJO no.usepraJOTCR see 6onee CJIO)KHbJe CHCTeMb[, )];JJR KOTOpblX TPY.llHO, a HHOrD.a H npocTO He-

803MO)KH0, 3apattee npe)];JJO)KHTb Y.llOBJieTBOpHTeJibHblH BH.ll MaTeMaTHLfeCKOH MOD.eJIH. 

TaKHM o6pa30M, C03,uaeTC1! napa,uOKCaJlbHOe noJIO)KeHHe: MHOrHe HCCJieD.OBaHHSI nposo.uuc.R 

)];JJR Toro, YT06bI nonylfaTb npHeMJieMble MareMaTHLfeCKHe MO,UeJIH HeH3BeCTHOro 3apattee BHD.8, a 

MeTO.llbl annpOKCHM8UHH OnbJTHblX D.aHHbIX, C noMOIJ..lblO KOTOpblX tty)KHO nonylfaTb MaTeMaTHLfe­

CKHe MO,lleJIH, Tpe6y10T, LfT06bl BHJJ. 3THX MO,UeJieH 6blJI H3BecTeH 3apattee! r.ue )Ke BblXO.U H3 3roro 

IlOJIO)KeHHSI? 

O1.feBHD.HO, YTO, OCTaBMCb B paMKax CHCTeMbl " •rncJieHHble .uaHHbte - KJiaCCHl.feCKaSI 3a,ual.fa 

arrnpOKCHMaum1", HaHTH ero HeB03MO)KHO, eCJJH TOJibKO orpaHWrnBaTbCR MOD.eJI1!MH THna p.RJIO.B 
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<I>ypbe HJIH nomIB0MH8JlbHbIX P.sl..LJ.08. H}')KHO npHBJiet.[b eme " qTQ-TO". O6paTH.MC.sl. K npaKTHKe 

3KcnepHMeHT8JlbHJ,LX HCCJie.LJ.OBamrn, M0)K.eT 6bITb 0Ha CT0.LJ.CKa)K.eT Hanpasnemt:e n0HCKa BbIX 0 .LJ.a 

H3 co3.LJ.asweroc.s1. nono)K.eHIDI. 

Tiepsoe, 4T0 6pocaeTCH s rnaJa, - 3T0 aKTHBHoe 1-1cnoJib30BaH11e nccne.n.osaremrMH npocTpaH­

cTseHHoro BOo6pa)K.effiUI. reoMeTpKlfeCKaH HHTepnpeTaUHH 3KCnepHMeHT8JlbHbIX .LJ.aHHbIX H npo­

c-rpaHCTBeHH0e soo6pa)K.eHHe n03B0JlSIJOT HM " nO.LJ.CMOTpeTb", " yranaTb" BM.LI. CT0,UX0lI.sl.lllHX Mare­

MaTH4eCKHX MO.LJ.eJieH .LJ.a)K.e B C.rrytlaHX, Kor.n.a 0TCYTCTBYfOT 3apaHee KaKHe-111160 TeopeTWieCKHe 

coo6pa)K.eHIDJ 0 M0.LJ.eJI.sl.X. O.LJ.HaKo B03MO)l<H0CTH TaK0f0 " yra.LJ.bIBaHIDJ" orpaHWJeHbI .D.ByxMepHbIM 

(pe)K.e TpeXMepHbIM) npocTpaHCTB0M. 

EcJIH <PYHKUIDI cp(P) (3KCnepH.MeHT8JlbHbie .D.8HHbie) 38BHCHT OT O.D.HOH nepeMeHHOH, TO 0Ha 

M0)K.eT 6bITb H3o6pa)K.eHa B BH.D.e Ha6opa ToqeK Ha ITJl0CK0CTH, H BbI6op anrrpoKCHMHPYJOllleH 

cpyHKUHH F(P; A 1, •.• , An) CB0.ZJ.HTC.sl. K Bh16opy ITJlOCKOH mnnrn, onHChIBaJOIJ.J,eH 3TH T04KH c Tpe-

6yeMOH TQqHQCTblO. TipH .ZJ.0CTaToqHQM 0ITbITe BbI6op <PYHKUHH F o6bI4HO He Bbl3bIBaeT OC06blX 

-rpy.LJ.HOCTeH. CyIJ.J,eCTsyeT p.sl.,Ll p)'K0B0,LlCTB (CM., HarrpHMep, [6]), IT0CBHIJ.J,eHHbIX Bbt6opy nonxo ­

,LlHIIlHX annpoKCHMHPYIOlllHX cpyHKUHH lIJl.sl. 3aBHCHMOCTeH OT O,LlHOH nepeMeHHOH. 

Bb16op IT0.l{X0.l{.sl.IJ.J,ero KJiacca <PYHKUHH F C IT0M0IJ.J,b!O npocTpaHCTBeHHoro soo6pa)K.eHIDJ H 

reoMeTpH4eCKOH HHTepnpeTal.(HH tOICJieHHblX ,uaHHhlX pe3K0 0CJlQ)K.H.sl.eTCH, eCJIH cpyHKUIDI cp(P) 
3aBHCHT OT .nsyx nepeMeHHbIX, TaK KaK B 3T0M c11r4ae tty)K.H0 Bbl6paTb BHlI nosepXH0CTH B TpeX­

MepH0M np0CTpaHCTBe, OITHCbIBalOIJ.J,eH TQqKH cp(P). Bb16op )K.e rro,uo6HbIM cnoco6oM annp0KCH­

MHPYIOlllHX <PYHKUHH F lIJl,11 ~rncJieHHbIX ,uaHHbIX cp(P), 38BHC.sl.lllHX OT Tpex H 6onee nepeMeHHblX, 

npaKTH4eCKH HeB03M0)K.eH - 3.D.eCb np0CTJ)aHCTBeHH0e B006pa)K.eHHe o6bfl-lHOro qeJI0BeKa, )K.1-fBY­

lllero B TpeXMepH0M np0CTpaHCTBe, IlJIOXOH IT0M0[Uffi!K. 

Ho HeCMOTJ).sJ Ha 3T0, HCCJie.noaaTeJTH ITOCTO.sl.HHO CTpeM.si:TC..sl. HCITOJlb30BaTb npOCTJ)8HCTBeHHOe 

soo6pa)K.em1e, reoMeTp11qecKy10 HHTepnpeTfillHIO ,uaHHbIX npH attanH3e MHorocpaKTopHbIX 3asH­

CHMOCTei1. ,[(eJiaeTC.sl. 3T0 CJie.l()'IOlllHM o6pa30M. <I>mccHpyioT see q>aKTOpb1 (nepeMeHHbie) KpoMe 

0,LlH0f0 HJIH ,usyx; nocrre,uH11e BapbHpYJOT H 0ITHCaHHbIM BbIWe cnoco6oM nony-qalOT qaCTHbie M0-

,nemt 3aBHCHMOCTeH OT sapbHpyeMblX q>aKTOpOB. 3aTeM 3TY npoue,l()'py II0BT0p.sl.lOT AJl.sl. pa3JlHt.[­

HblX KOM6HHaUHH (paKTOpOB, IT0.rryt{aH CHCTeMY qaCTHblX MO)J.eneii. O.n;HaKO Ha 0CH0Be 3THX qacT­

HbIX MO)J.eneH CTOJTY41ITb e)J.HH)'IO MO)J.eJlb )J.Jl.sl. BCeH MHOrocpaKTOpHOH 3aBHCHMOCTH, KaK npaBHJIO, 

HeJib3.sl. Kp0Me cnr4aes, Kor.n.a B MHorocpaKTOpHOH 3aBHCHM0CTH HJIH K8KOM-JIH6o H3BeCTH0M ee 

npeo6pa3osamrn .n;orrycTHM0 pa3.n.enemte nepeMeHHbIX. 

BrrpoqeM, )J.a)K.e ecnH B HJyqaeMO.H 38BHCHMOCTH H .D.OrryCTHMO pa3,neneHHe nepeMeHHblX, .D.0-
ra,naTbC.sl. 06 3T0M He Bcer)J.a JierK0. Tiocne,n;Hee M0)K.HQ npoHJIJIIOCTpHp0BaTh cnelIYJOlllHM HCT0pH-

1.feCKHM npHMepoM. 

B 1662 r . lioHneM H He3aBHCHM0 OT Hero B 1676 r . MapHOTTOM 6bIJI 0TKpblT (pH3HqecKHi1 3a­

K0H, CB.sl.3blBaJOlllHH o6beM V H ,1.J;aBneHHe p raJa npH q>HKCHposaHHOH TeMnepaTYPe t: 
V= const!P. (I) 

3aTeM B 1802 r. He3aBHCHM0 ,il;anhTOHOM H rei-1-ThoccaKOM 6hIJ1 0TKpblT 3aK0H, CB.sl.3blBalOlllHH 

06beM H TeMneparypy raJa n p H (pHKCHpOBaHHOM )J.aBJieHHH: 

V = const(I + at). (2) 
Ka3aJIOCb 6bJ, 3THX .D.Byx qacTHblX 38K0H0B ,Ll0CTaT0qHo, qTo6bI ccpopMyJIHpOBaTb o6IJ.J,HH 3a­

K0H; tty)K.HQ JlHlllb npe,unoJI0)K.HTb, qTQ nepeMeHHble B o6meM 38K0He pa3,LleJI.sl.lOTC.sl.. O ,uHaKO no­

Tpe6osanocb 6onee 30 JieT, 'iT06bl B 1834 r . Ha 0CH0BaHHH 3THX l{aCTHblX 3aK0H0B Knaifoepotty 

YllaJI0Cb nocTp0HTb e,UHHblli 3aK0H llJl,11 H)J.eaJibH0f0 raJa 

V = const(l + at)IP, (3) 
T.e. nony qHTb M0)J.eJib C pa3)J.eJI.sl.lOIJ.J,HMHC.sl. nepeMeHHblMH: 

V(P, t) = fj(P)h(t) . (4) 
11 X0T.sl. 3T0T npHMep HMeeT IT0l.fTH .nsyxaeK0BYIO .nasH0CTb, Bp.sl..D. JIH M0)K.HQ YTBep)K..LJ.aT b , 'iT0 

cero,nH.sl.WHHH HCCJie.nosaTeJib 6onee B00p~eH, He)K.eJIH HCCJie.LJ.0BaTeJib XIX BeKa, nepe.D. JIHU0M 
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MHOrOMepHbIX Ja)laY, .llJUI KOTOpblX HeT anp110pHblX MO.lleJieH: B03M0)1(HOCTH npocrpaHCTBeHHoro 

soo6pa)l(eHIDI MaJIO HJMeHHJlHCb Ja nocJie)lHHe 1,5 . .. 2 BeKa. 3aTO 1-IHCJIO nO)l06HblX 3a,lla4 Bblpoc-

110 HeHMOBepHO. l1 see 6011bwee 4HCJ10 11eeJ1e,llOBaTeneH (He B 3TOM JlH OJJ.Ha HJ npH-YHH yrpo­

)KaIQW,ero poem YHCJia HayYHblX pa60THHKOB?) BbIHy)K)leH0 OKaJhIBaTbe.sl B pOJJH paHHHX eeTeCT­

BOHCnbITaTeJieH, KOTOpble Ha OCHOBe OnbITa H YM03pHTeJlbHblX ynpa)l(HeHHH OTKpbIBaJIH JaKOHbI 

npHp0JJ.bl, Ka.I< npaBHJIO, npOCTble. Ho nOJlO)KeHHe cospeMeHHblX ecTeCTBOHenblTaTeJieH Hecpas­

HeHHO xy)Ke - HM TPY.llHO paeC4HTbIBaTb Ha npoCTble JaBHCHMOCTH. 

OtJeBH.llHO, 1ITO .llJl.sl npaKTHKH HCCJle,llOBaHHH YHCJleHHbIX MHOrocprucropHbIX JaBHCHM0CTeij 

Heo6XO.llHMbl TaKHe MeTO.llbl annpoKeHMaUHJ1 cpyHKUHH MHOrHX nepeMeHHbIX, KOTOpbie TTOMoram, 

6bI BbUleH.slTb .nonycTHMOCTb pa3,lleJieHI-UI nepeMeHHblX B aHaJIH3HpyeMOH JaBHCHMOCTH HJIH B Ka­
KOM-Jrn6o HeHJBeCTHOM 3apaHee ee npeo6paJOBaHHH. 3To cseno 6bl aHaJIHJ cpyHKUHH MHOrHX ne­

peMeHHblX K aHaJIH3Y cpyHKUHH MeHbWero 1-lHCJla nepeMeHHblX, npH KOTOpOM M0)KHO 3cpcpeKTHBHO 

npHMeH.slTb rpaq>ffl{eCKYIO HHTepnpeTcU{HIO 11 npocTpaHCTBeHHOe soo6pa)l(eHHe. 

J1HblMH eJJOBaMH, tty)KHbl MeTO.D.bJ arrnpOKCHMaUHH cpyHKUI-rn MHOrHX nepeMeHHbIX, TT03B0-

Jl.sllOW,HX HaxO,llHTb np116mraceHH..s1 B BH,ne 

cp(aJ = L{~f,('r<
1>)} (5) 

HJlH 

cp( an) = L { lJ /, (-r<'l)} , (6) 

r.ne cp(an) = cp(Xt,···, x,,)- np116J1IDKaeMaJI cpyHKUHJI (rn61111ua) OT n HeJaBHCHMblX nepeMeHHblX; 

a,,= {xi,- .. , x,,} - MHO)KeCTBO n He3aBHeH.MblX nepeMeHHbrX; L - HeHJBeCTHaJI 3apattee, crporo M0-

HOTOHHaJI, HenpepbIBHa.sl cpyKKUH.sl OJJ.HOH nepeMeHHoH; J,(i')) - HeHJBeCTHa.sl 3apattee cpyHKUH.!1 

(Ta61rnua) MeHbrnero, YeM n (MH npHJ1o)l(em1u - O.D.Horo 111111 ,nsyx), YHcna nepeMeHHbIX, ,:<'>ca.; 

i- HOMep q>yttKUHH. 

IlpeJJ.nono)KHM, YTO TaKoe np116mrnceHHe nonyqeHo 11 y.D.OBJ1eTBop.s1eT no TOYHOCTH. Tor.D.a c 

nOMO[UblO reOMeTpHlfeCKOH HHTepnpeTaUHH Ta6JIH-qHblX cpyHKUHH/,(-r(')) H HenpepbIBHOH cpyHKQHH 

L MO)KHO C nOMO[UblO npocrpaHCTBeHHOro soo6pa)l(eHHJI nO.D.06paTb .D.Jl.sl HHX aHaJJHTHYeeKHe aHa­

JIOrH (MOJ].eJIH) H nocTpOHTb aHaJIHTH4eCKYIO MO,lleJlb F .D.Jl.sl BCeH MHOrocpaKTopHOH JaBHCHMOCTH 

cp( a,,). 3Ta MHOrocpaKTOpHaJI aHaJIHTHYeCKaJI MO,lleJlb npH He06XO.l{HMOCTH MO)l(eT 6bITb MO,nepHH-

3HpOBaHa .llJl.sl Ka.KHX-JIH6o .upyrnx BHJJ.08 YKJIOHeHH.!I F OT cp, OTJIHlfaJOW.HXC.sl OT npHMeHeHHbIX B 

annpOKCHMauIDIX (5) HJlH (6), TTOCKOJlbKY B 3T0M cnyqae 6y.ueM HMeTb .ueno Y*e C KJiaCCHlfeCKOH 

Ja)].alfeH annpOKCHMaQHH. 

QqeBH.llHO, lfTO HeTPY.llHO TaK)Ke nocTpOHTb HOMorpaMMY .D.Jl.sl cpyttKUHH F. (3aMeTHM, YTO 

HOMorpaMMbl COWJIH co cueHbl He TOJlbKO noTOMY, lfTO 3TH Harml.l{Hble Bbll{HCJIHTeJibHble cpe,llCTBa 

BblTeCHeHbl KOMTTbJOTepaMH, HO rnaBHblM o6pa30M noTOMY, lfTO HOMorpaMMbl yMem1 CTpOHTb 

TOJibKO .llJl.sl cpyHIO..lHH HJBeCTHOro BH.D,a.) 

EcTeCTBeHHO, l{TO OT MeTO.llOB, ,llalOW,HX annpOKCHMaumo BH,lla (5) HJIH (6), He cne.n.yeT Tpe-

6osaTb CKOJlb yro.n.Ho T04HOro npH6JlH)KeHHSI, KaK HanpHMep, OT nOJIHHOMHaJJbHbIX psi.nos. Mx 
ueJib - HaxO.llHTb Y.llOBJieTBOpHTeJibHble no T04H0CTH MO.D,eJJH C PaJJJ.emrJOUJ.HMHCSI nepeMeHHblMH, 

eCJIH TaKOBble CYl.IleCTBYIOT .llJlSI HCCJie.n.yeMOH MHOrocpaKTOpHOH JaBHCHMOCTH. TTpH4eM, eeJIH 3TH 

MeTO.llbl noJBOJlSIIOT HaXO.D,HTb npH6JJIDKaJOW,He cpyHKUHH H TeM caMblM nony4aTb noJittylO HH­

cpopMaQHJO O HeBSIJKaX, TO anpHOpHble oueHKH TOYHOCTH npH6JJH)KeHIDI (no.n.o6Hble oueHKaM oc­

TaTO'iHOro YJieHa p.s1.n.a TeHJJopa), XOTSI H npe.D.eTaBJISIIOT onpe,lleJieHHblH TeOpeTH4eeKHH HHTepec, 

6y.n.yT HMeTb npaKTHYeeKyJO ueHHOCTb nHWb s TOM eny4ae, ecnw JaTPaTbl Ha anpuopeyio oueHKY 

T04HOCTH npH6JJH)KeHHSI OK~esi HH)l(e JaTPaT Ha noJiy4eHHe caMOH np116J111)1(a10W,eH cpyHKUHH. 

BnpoYeM, MO)KHO noCTaBHTb BOnpoc O CXO.llHMOCTH np116JIH)KeHI-rn THna (5) H (6) K TO'iHOM)' 

on11caHHJO, eCJIH, HanpHMep, paccMaTPI-IBaTb CHa4ana npH6JIH)KeHHe eaMOH cpyHKUHH cp, JaTeM 
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np1-16moKeHHJ1 nOJIY'-lalOl..l.U1XC.s! HeB.sl30K cp - F, nOTOM BTOpb!X HeB.sl30K .11 T.Jl. TaKa.si nOCTaHOBKa 

anOJlHe npaBOMepHa TeM 6oJiee, ljTO aKMeMHKOM KoJIMOropOBbIM A.H. nOKa3aHo [7], 1.jTO M .s! 

JJI060H HenpepbIBHOH B n-MepHOM Ky6e cpyHKI..(HH cywecrnyeT T04HOe npeD.CTaBJiemie B BH.Lle 

2n+I { II } 

cp(x1, ••• ,x11 ) = ~L, ~fy(x) . (7) 

O.uHaKo, Ha Harn B3rn.si.u, anropHTM npH6JIIDKemt:.si, cxonsu.u.eroc.si K TO'IBOM)' onHcamuo, ecmt 

6bl H 6blJI HaH)J.eH, rrpe,LlCTaBn.s!Jl 6bI 6e3ycJIOBHO TeopeTw-1eCKHH HHTepec, HO Bp.s!D. JIH OKa3aJ1 

6oJibWYIO nOMOWb npaKTHKe liCCJieD.OBaHHH MHOro<paKTopm.rx 3aBHCHMOCTeH, TaK KaK nonyqaa­

uJHeC.SI C ero nOMOWblO MOD.eJIH He HMeJlH 61,1 c~ecTBeHHOro npeHM)'WeCTBa no npocTOTe H 

y.uo6CTBY HX HHTepnpeTalU-IH H HCnOJlb30BaHH.SI no cpaaHeHHIO C nomlliOMHMbHbIMH MO,LleJl.SIMH. 

lfro KacaeTC.sl ny6nHKaUHH no npH6mDKeHHJIM THIJa (5) HJIH (6), TO TaKOBbie OTCYTCTBYfOT. 

Ony6JIHKOBaHHble :>Ke pa60TbI, HanpHMep, [8 .. . 11] OTHOC.s!TC.sl K npeD.CTaBHMOCTH cpyHK!..I,HH D.Byx 

nepeMeHHbIX B BH.Lle 

cp(x,y) = L{J; (x) + fi (y )} (8) 

HJIH 

(9) 

3-ro o6cTO.SITeJibCTBO, BepOSITHO, CBHD.eTeJlbCTByeT O TOM, ljTO BP.SID. JIH MO)KHO IlOCTpOHTb rrpHeM­

neMbIH )J.Jl.sl npaKTHKH anropHTM, peanH3YfOWHH B KaKOH-JIH6o MeTPHKe k HaHMetti,wee yKJJoHe­

HHe, HanpHMep, 

(10) 

T1o3TOM)' uenecoo6pa3HO HCKaTb fiYTb, KOTOpblli TI03BOmiT HaxO)J,HTb ecmi He T01lli)'IO HH)K­

HJOIO rpamuzy ( 10), TO XOT.SI 61,1 3HaqeHHe YKJJOHeHHJI, 6JIH3KOe K 3TOH rpaHHue; HanpHMep, HCK8Tb 

anropHTM, peanH3YfOII{HH 

(11) 

r.ue D 1 
- HeKoTopoe HenpepbIBHOe npeo6pa30BaHHe (113 KJiacca o6paTHbIX K npHMett.sieMbIM B (10) 

npeo6pa3oBaHH.s!M L). TaKoH no,nxo.n, Ha Harn B3rn.si.n, anonHe npaaoMepeH. 

,D;eikTBHTeJlbHO, nycTb L" 1
(cp) - CTporo MOHOTOHHa.si Ha 0Tpe3Ke [mincp, maxcp] <pyttKJ.J.IDI, npH-

O<m,;,ar-1/acp,;,M < 00 , (12) 

r.ue m H M - HeKOTOpbie Hanepe,n 3MaHHbie YHCJia (m ~ 1 ~ M), H y,noBJieTBOp.SleT ycJIOBHJO 

llar-1/acpllk = i. (13) 

MHo:>KeCTBO TaKHX cpyHKUHH He nycTO, XOT.SI 61,1 TIOTOMY, 'ITO OHO co.uep)KHT TO)K,llecTBeHH0e npe­

o6pa30BaHHe L( cp) = cp . 

TTycTb _L.f;('r<11
) - HeKoTopa.si cyMMa cj>yHI<.UHH MeHnwero, t.JeM n, 4HCJia nepeMeHHbIX. Pac-

CMOTpHM " HeB.Sl3KH' 

~( cr n) = cp( cr n) - L { ~ f, ( t (I) )} ' 

s(crJ=D1{cp(crJ}- L/,(t(,) ). 

(14) 

(15) 
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HJlH 

HJTH 

0TKy.D.a 

QqeBH.l].HO, qTo 

~ J,(, ''') = r ' { L[ ~J,(,''') ]} =r' {cp(aJ-l;(aJ}= 

= D1 {cp(crJ}-ar-1(cp)/acp1 q>E,min9,mo.,q,J s(crJ 

s( cr")/ M $ ~( cr") $ s( cr")/ m , 

11s~(crnt /M $ ipflls(crnt $11s~(crnt/m , 
r.n.e s~(crJ HMeeT L-1 

H J,(-c(')), C00TBeTCTBYIOl.llHe irf lls(crnt, 

C .n.pyron CT0p0Hbl, 

(1 6) 

{1 8) 

(19) 

(20) 

(21) 

r.n.e ~, (crJ HMeeT L H J,(-c<1>) , cooTBeTCTsy10mue l~.~11s(crJljt. TaK KaJ< lD.~11s(crJljt $11s~(crJllt H 

ipf lls(crnt $ 11~, (crn)llk, TO 

(l/M)lH.~11D1{cp(crJ}- ~J, (-c<•> t $ipf cp(crJ-L{~J,(crJ} t $ 

$(1/m)~f11D1{cp(crJ}-L J,(-c<'> )II · (22) 
r .J I k 

flonyqeHHbie oueHKH no.n.TBep)KJlaJOT .n.onyCTHMOCTb 3aMeHbl 3a.l].aqH KJiaCCHqecKoro npH-

6JTIDKeHIDI (T.e. npH6JIIDKeHIDI CaMOH HCCJie.LI,yeMOH q>yHKUHH) Ha Ja.n.aqy npH6nIDKeHH.ll HeK0TO­

poro HeH3BeCTHoro 3apattee ee npeo6pa3oBaHIDI. 

HacTo.s1ma.s1 pa6oTa nocs.s1meHa HemrneHH0MY MHorocpaKTopHoMy aHaJIH3Y (HJIM<l>A), pe­

waromeMy 3a.l].aqy npu6m01ceHH51 cpyHKUHH MH0rHX nepeMeHHbIX, HX JlHHeHHblX KOM6HH8UHH H 

HeJIHHeHHblX npeo6pa30BaHHH cyMMaMH q>yHKUHH MeHbrnero q_HCJia nepeMeHHblX 

2. 1Ipu6JIH:.Kenne e oapaJJJieJieouoe,!le 

flycTb B napannenerrHne.n.e D = { a 1 $ x
1 

$ b,; i =I, ... , n} JaJJ.aHa cpyHKUHlt Mepbt 

b, b, 

x(crJ=x(xp ... ,xJ=x1(x) ... xn(xJ , r.n.e f dx,(x,) =I , fldx,(x,)1< 00 , crn ={xp ... ,x.} -MHO)KeCTBO 
a, a, 

n He3aBHCHMbIX nepeMeHHblX. 

O603HaqHM: cr~) ( cr q' cr(I) ' ":f) - IT0.l].MH0)l(eCTB0 cr n (sepXHHH HH.l].eKC - H0Mep ITO.l].MHO)l(eCTBa, 

HIDKHHH - lfHCJI0 nepeMeHHblX, C0CTaBJI51IOl.llHX IT0.!lMH0)l(eCTB0 ); t - IT0.!lMH0)l(eCTB0, .LJ.OIT0Jl" 
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1-uuowee no.UMHO)f(eCTBO -r .uo crn; /(crJ = f(xp··•,xJ; /(crt) = f(x,1,···,x,q); 

x( a ~> )= X" (x11 ) ••• x,/x,q ). 
Bse,D,eM onepal.lHIO "ocpe.D.Hemu1" (HHTerpaJJ Jle6era-CTHJITbeca) 

<p(-r) = f <p(crJdx(-=t) , 
l>(t) 

r,D,e no,D,napaJJnenemme,D, D(t) npeJlCTasm1eT co6oii D(-=f) = { a, $ x, $ b,; x, E -=f} . 
I-fa CJJeJzyIOlllHX OlieBH,ll,HblX CBOHCTB ocpe.n.Hettmi2): 

I) cp(-r) = f cp(-r)dx(-=t), · 
/)(n 

2) J. q,(cr)d;((,) = J,, L!.., q,(cr)dx(," ' ) }t1x(,'") npw , = , '" u , '" '>, 

3) I { L, <p, (cr(') )}dx(-r) = L, I <p, (a<•> )dx(-r) , k < 00 , CJJe,ll,yeT 
/J(t) ISJs.( ISrSk n{t) 

(23) 

Jle.MMa 1 [ 12]. Ec1rn s napa1menenHne)le D cpyHKl.(Hj! <p( a J npe,D,cTas1u1eTc51 s BH.ne cyMMbI 

cpyHKl.lHH. MeHblliero '-IHCJJa nepeMeHHblX 

<p(crJ = L, f (-r<•> ), (24) 
1s,sm 

TO OHa npe)lCTaBJJj!eTC51 H B BH,D,e 

m' 
r.D,e rr<•l = 't(,,) n ... n-r<11

, C' = . - '-IHCJTO CO'-leTaHHH H3 m 3JTeMeHTOB no j . 
k , m ( m _ j) ! j ! 

/(01w1amenbcmBo. TipHMeHHM npe.D.CTaBJJemre (25) K L, f (-r<'> ), r.D,e f ('t<11)- npOH3BOJTbHa51 
1s,s,. 

Q)YHKL(H51 

L (-1t·
1
' L L h (n:·1

) • 
ISJSm ISrSC'./, ISkSm 

(26) 

HH'-lero He H3MeHHTC51, eCJTH K nepeMeHHblM cpyttKL(HH fk JJ,o6aBHTb nepece'-!eHHe C -r(.t) ( CBOHCTBO 

I): 

L (-l)<,+11 L L h (n~•> ) = L (-1Y'+11 L L h (rr~•> n -r<•> ). (27) 
1s,s.. 1s,sc./, 1s.tsm 1s,sm 1s,sc./, ls.ts .. 

Bo3M0)f(Hbl )lBa CJJYt-fa51: 

} ) nepece'-!eHHe 11~'1 
CO.D,ep)f(HT -r01, TOr)la TI~•> n "C <L> = 11~'1 ('-IHCJTO TaKHX nepeCe'-!eHlffl .llJl51 Ka)f(-

JJ.OH fk pastto C ;,=: ); 
2) nepece'-leHHe rrj> He co.D,ep)f(HT -r<.t> Tor.u.a 11~'> n -r<q = TI~~>1 ('-IHCJJO TaKHX nepece'-leHHH JJ.Jlj! 

Krut<,lJ.OH fk paBHO C;,-1, Ka)f(,D,Oe H3 KOTOpblX co.u.ep)f(HT He MeHee .u.syx nepeceKalOl.llHXCSI MHO­

)l<ecrn). 

2
) lJaCTHhlMH npHMepaMH onepaUJ.111 ocpe.nHeHJUI, o6na.natoLUHMH 3THMH CBOHCTBaMH, Moryr CJI)')l(HTb cpe.n­

Hee apmpMeTH4ecKoe no rpynne nepeMeHHblX 11J1H cjrnKcHpoaam1e onpe.neneHHbtX 3Ha4emi:i1 nepeMeHHblX. 
3
> n - nepeceYeHHe; U - 061,e,ni,rneHHe; C- npHHa,nne)l(IIT, HO He paBHo; E - ,rnm1eTCjj 3JleMeHTOM. 
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OrcIO.lla 

,&. <-1 )'1' '' "~ ' ,J;. J. ( IT'.'' n t'" ) = .~. (-1 )"'" J. {,J:::: f. ( rr;1
) + "~ " J. ( rr:·;, ) } = 

= ,J;_ {,~.,J'.c, (-t)"'"f. (II'.'' )+ J.,.~_, (-1)'''!. (rr;;, )} = 

= ,J;_ {.~. ,J: <-1)'''" f. (rr;1
) + l ,.t <-1)'" f. (rr;1

)} = ,J;. f. < t"' ), <28) 

tffQ H ,ll0Ka.3bIBaeT cnpaBeD,JTHBOCTb (25). 
IlpKMep 1. ITycTb <p(x,y) = J;(x) + J;_(y) B KBa,llpaTe D = {O ~ x ~ 1, 0 ~ y ~ l} , TOr,lla 

I I I I 

cp(x,y) = J cp(x,y)dy + J cp(x,y)dx-J J cp(x,y)dxdy. 
0 0 0 0 

IlpHMep 2. I1ycTb <p(x,y,z) = J;(x,y) + J;_(y,z) B HeKoTopoii 06nacn1 M , Tor.Ila 

cp(x, y, z) = <p(x,y,z0 ) + <p(x0 ,y , z)- <p(x0 ,y ,z0 ), r,lle x0 , z0 - tteKOTOpble q>HKCHposaHHhte 3Hatfe­

HH..sl nepeMeHHbIX X " z . 

IlyCTb ,llanee dx,,(x,) ~ 0, T.e. onepauH..sI ocpe,llttemui o6na,llaeT csoiicrnoM 

4) J cp 2 (cr)dx,(-r) ~ 0 u cpyHKUH..sI <p(cr,.) x,-HHTerpHpyeMa c KBa,llpaTOM B napannenemme,lle D. 
D(t) 

Tor,lla H3 CBOHCTB 1 .. .4 H OtfeBH.L{HOfO paBeHCTBa 

f <p(-r)f(a)dx,(a,.) = J cp(-r ncr)f(-rncr)dx,(cr,.) (29) 
D D 

npH 

(30) 
IS/Sm IS,SJSm 

.llJljl npoH3Bom,Hoii L .[; ( . c,i ) no.11y<1HM 
1s,sm 

J{cp(cr,.) - L J,(-r<
1

' )}

2 

dx,(cr,.) = f {cp(a,.)-\j/(cr,.)f dx,(cr,.) + J {\j/(cr,.)- L f,(-r<•>)}

2 

dx,(a,.). (31) 
D ISJSm D D IS1Sm 

TeM caMbIM .llOKa.3aHa TeopeMa 1 (12, 13]. Cpe,llH cpyttKUHM BH.lla L J,(-r''> ) , rrpH6JIIDKaIO-
l:S1Sm 

1.1.tHX B napanneneITHneue D <pyHlill.HIO cp( crn) ornocHTeJibHO MepbI x,( crn), cymecrnye-r e.z:urncTBeHH8jl 
ttaHJiyqUI8jl npu6m1)KaJOI..UM cpyHJCUH..sI \j/ (crn) (30). 3aMeTHM TaK)Ke, 4TO 

J {<p(aJ-'l'(crJf dx,(cr.) = J cp2 (a.)dx,(a.) - J \j/2 (a.)dx,(cr.). (32) 
D D D 

llpUMe11a11Ue: TeopeMy I MO)KHO paccMarpHBaTb KaK o6o6w,ettHe Ha npOH3B0JlbHOe Y:HCJIO ne­
peMeHHbIX 3a,lla4H npH6JIIDKeHH..sI cpyHKUHH JlByx " TPeX nepeMeHHblX, KOTOpru! pewetta B 1939 r. 
)J:eHHCIOKOM 11. H. [] 4] . 

IlpHMep 3. I1ycTb cpyttKQHjl cp(x, y) 3a,llaHa B BH,lle Ta6mtUbl H Tpe6yeTCjl HaHTH HaHJiyYUiee 
KBa,llpan11.Jttoe npH6nIDKeHHe ee cpyttKQHeM BH.lla}i(x) + fly) npH cpyHKUHH seca 

dx,1(x1) = dx,1(xi) = dx,i(y1) = dx,2 (y2 ) = 112 , Tor.Ila 
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X y cp(x,y) 

x, Y, 2,0 X cp(x) y cp(y) 

x, Y2 3,0 :::::: x, 2,5 + Y1 4,5 

X2 Y1 7,0 X2 8,0 Y2 6,0 

X2 Y2 9,0 

,[(a.rree nyCTb 3a)laHbl CHCTeMa x-HHTerpHpyeMbIX C KBa,upaTOM H JIHHeHHO He3aJ3HCHMblX B D 
cpyHKUHH cp.(a,.), ... ,cpk(cr,. ) B napaJIJleJienKne,l(e DH HeKOTOpruI CHMMeTpH1leCKa.ll ITOJIO:>KIITeJlbHO 

onpe.l(eJieHHruJ MaTpHUa N = ( lll/ r) ' lll/ = ll11 nopjl)],Ka k . O6pa3yeM JIHHeihzyro KOMfornaumo 

L a,cp, (a,.), r,l(e a= (a1 , •• • ,at)- HeHynesoii seKTop. Tor.na H3 csoiicTsa 3) onepauHH ocpe.nHeHIDI 
ISISk 

cne.nye-r 

. f ! {.~, a,cp,(a.)- ,~. f/<' 1
' ) r dx(a.) . f 

m -------------------= m 

I{r a ,cp,(cr,.)- L a ,\jl ,(cr,.)}
2 

dx(a,.) 
D ISISk IS/Sk + 

4./ aNaT u.f aNaT 

= inf a((J>- 11') = 11. 
4 aNaT rrun) 

(33) 

r.ne 'l',(cr,.) - HaHJI)'q_1J1ee np1-16nIDKeHHe cpyHKUHH cpi(a,.) (30) cpyHKUH.llMH BH.lla L ~(T.(1>), a' 
IS/Sm 

- TpaHCITOHHpOBaHHblH BeKTop a' ti> - noJIO:>KHTeJibH0 onpe.neneHHruJ MaTpHua 

( J
(tj 

(J> = I cp,(cr,.)cp, (cr,.}:ix,(cr,.) 
1 

, (34) 

'P ~ ( [ 'l',(a.)'lf, (a.)1x(a.) r' (35) 

Amin - HaKMeHblllee co6cTBeHHoe 3Ha4eHHe, eMJ cooTBeTCTBYeT co6cTBeHHbIH seKTop a min . Ecrm 

Amin He KpaTHOe, TO a min emrncTBeHHblH C T04HOCTblO .no ITOCTO.llHHoro MH0:>KHTeJl.ll. 

TaKHM o6pa30M, JIOKa3aHa TeopeMa 2 [15, 16). Cpe.nH cpyttKUHH BH.lla L a,cp,(a,.), npH6JIH-
IS/St 

:>KaeMbIX cpyHKUH.llMH L //-r,u>), cymecTsye-r no Kpai:fHeH Mepe o.ntta, J1JUI KOTopoi:t peanHJyeTC.ll 

HaHMeHblllee 0THOCHTeJibHO KBa.npaTWIHOH cpopMbJ aNaT KBa.npaTH4H0e 0TKJI0HeHHe. 
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X 

I 
1 

TTpHMep 4. <l>yHl<J.J.HH <p,(x,y) H <i>2(x,y) 3a,naHbl B BH,D.e Ta6mm 

y <p, (x,y) X 

1 1,0 I 
2 0,0 1 

y 
I 
2 

<i>2 (x, y) 

0,0 
1,0 

H)')KHO HaHTH TaKyro HX JIHHeHHyro KOM6HHa1..u0o 

a,<p,(x,y)+ a2<i>2(x,y) , KOTOpruI 6bl HaHeyqwltt.1 

o6pa30M npH6mracanacb <pyttKU.HHMH BHJJ.a 
2 I 0,0 
2 2 3,0 f,(x) + f 2 (y) npH N =[~ ~l Haii,QeM •••· 

nyqmee rrpH6mOKeHHe <pyHKUHH <pl ( x, y) H q,2 ( x, y) cpyHKU.IDIMH BH,D.a Ii ( X) + f2 (y) : 

2 1 1,0 
2 2 0,0 

X y <p ,(x,y) X y '1'1(x,y) 

1 I 1,0 X <p, (x) y <i>1 (y) 1 I 0,0 

1 2 0,0 == 1 0,5 + 1 0,5 1 2 1,0 
2 1 0,0 2 1,5 2 1,5 2 l 1,0 
2 2 3,0 2 2 2,0 

X y <i>2(x,y) X y '1'2(x,y) 

I 1 0,0 X <i>2(x) y <i>2(Y) 1 1 0,5 

1 2 1,0 == 1 0,5 + 1 0,5 I 2 0,5 
2 1 1,0 2 0,5 2 0,5 2 1 0,5 
2 2 0,0 2 2 0,5 

[
2,5 0,0] [1,5 0,5] ,D;anee rro~HM MaTpHJ.U>I <I> (34) H 'P (35): <I>= , 'I'= . J,fa MaTpHtl-
0, 0 0, 5 0,5 0,25 

ttoro ypastteHIDI a ( <I> - 'I')= AaN HaH,11.eM HaHMeHbUiee co6CTBettuoe 3HatfeHHe A min H cooTBeT-

cTByiouu-rn eMy co6cTBeHHhIH seKTop a min : ' ' = A(A-1,25) = 0. TaK KaK [
l 0-A -0 5 ] 

-0,5 0,25-A 

Am,n = 0 , TO HaHJIY1fUJee npH6JIIDKeHHe 6y.D.eT O.lJ.HOBpeMeHHO H TOl!HbIM rrpe.D.CTaBJieHI-leM: 

l,0a1 -0,5a2 =0; } ( ) ~ 
Orcio.na a 2 = 2al , T.e. am,n = a,' 2a, . TaKHM o6pa30M, JIHHeHHruI KOM6H­

-0, 5 a l + 0,25a2 = 0. 

HfillHJI a 1<p1 (x,y) + a 2<p/x,y) = F(x,y), uanpHMep, npn a 1 = 1 H a 2 = 2 npe.D.C'raB.IUle'I'CJI B BH.D.e 

Ii (x) + f 2 (y) cne.nyJOLUHM o6pa3oM: 

X y F(x,y) 

I 1 1,0 X F(x) y F(y) 

l 2 2,0 1 1,5 + 1 1 5 
2 1 2,0 2 2,5 2 2,5 
2 2 3,0 

EcJIH B KaqecTBe CHCTeMbl l1HHeHHO-He3aBHCHMbIX B napannenenHne.ne D cpyHI<Ul-lH paccMOT­

peTb CHCTeMY crnnettei1 cpyttKU.HH <p( o"): <p( o J, ... , <p" ( o J , a B KatfecTBe npoH3se.nett],fjl aNa' 
KBa,npaTH'IHyro cpopMY 

~12 = _E_ I,a, <p(') (oJ 2 =llria,<p(1-l)(oJll2 =a<l>'a'' (36) 
~ l,i O<p IS,Sk Lz IS/Sk Lz 

r.D,e MaTpHUa Cl>' npOH380.lJ.HblX paBHa 
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npH HOpMHpOBKe 

ael)' (l T = 1 
H orpaHHt•leHJUIX 

Ha D, TO no11y1.JHM CQJOPMYJIHpOBaHll)'lO BbIWe 3a,naqy ( 11 ). 
yfa peweHHR MaTPHt-lHOfO ypasHeHHJI 

a(cJ, - 'I')= AO.Cl)' 

(37) 

(38) 

(39) 

(40) 

noJJ)"-IHM co6crneHHble 3Ha4eHHJI A, H COOTBeTCTBYIOll.lHe HM co6cT BeHHble BeKTOpbl 

a
1
=(a1., .. . ,a,t ) , i=1 , .. ,k rrpHHOpMHpOBKe(38). 

nocne :noro pewem1e 3a,nal.fH (11) npH orpamReHHJIX (12) CBOAHTCR K peweHHJO cne.D.yIOI..QeH 

3a,na1rn. ,[(atthI nOJJO)KHTeJibHbie t.tHcna 1..., ... , 1..k, BeKTopr,1 a, = (a11 , ... ,a1k) , (i = l , ... ,k) H 11Hc11a m , 

M ' 'Pnun , q>..._, . Tpe6yerc51 H8HTH 

IlpH ycJIOBHRX 

L c,2 =l, 
ISIS.t 

i~f L c,2 A.1 
1s,s.t 

< ~ ~ · (1-I) < M m _ L.J c, L.J J alf q> _ , 
ISIS.t IS/Sk 

(41) 

(42) 

IIocKOJibKY CTeneHb k llOJIHHOMa L-' ( q>) o6bllfHO He CJJHWKOM BeJIHKa, TO :na 3a,na11a HeJIH­

HeHHoro nporpaMMHposaHID1 Ha 3BM pewaercR ,noCTaTOlfHO npocTo (ttanpHMep, (4, 5]). Bnpo­

t.teM BO MHOrHX CJJy4851X ,neno CBO.L(HTCR JlHillb K nposepKe ycJIOBHJI (39) llOJlH.HOMa C K03<p<pHUH­

eHTaMH H3 co6CTBeHHOfO BeKTopa, COOTBeTCTByIOmero HaHMeHbWeMY co6CTBeHHOMY 3Hal.feHHIO. 

JleMMa 1 H TeopeMbI 1 H 2 ll03BOJ151JOT C03)];8TI, MeTO.L(HKY nnaHHpOBaHIDI nonyqeHHJI l.fHCJJeH­

HOH 3KCnepHMeHTaJJbHOH (HJIH paC4eTHOH) HH<pOpMaUHH, 3aKJJIOl.falOI..QyIOC51 B TOM, lfTO CHat.tana Ha 

0TH0CHTeJlbH0 MaJJ0M 06-1,eMe 3KcnepHMeHT0B orrpeneJ1J1eTCR HaH6onee npoCTaR CTPYKTYP8 rrpH-

6JJIDKaIOI..QeH QJYHKUHH (T.e . HaH6011ee npOCTble MHO)KeCTBa nepeMeHHblX 't(I) , • . • , 't(m) H llOJIHH0M 

HaHMeHbWeH CTeneHH k), a 38TeM C ll0MOI..QblO ,ll.OllOJIHHTeJJbHblX (HanpHMep, C <pHKCHposaHHbIMH 

3HalfeHH51MH onpe,AeJieHHblX no neMMe 1 nepeMeHHbIX) 3KCnepHMeHTOB CTPOHTCR no,npo6Hoe (,ll.JlJI 
l.{eJJeH HHTepnOJlJIUHH) OTTHCaHHe npH6JIIDKaIOI..QeH QJYHKUHH. 

O.AH8KO, B p.SIJJ;e npaKTHl.feCKHX 3a,naq 3apattee M0)KeT 6bITb H3BeCTHO, 'ITO Ka)K,L(Oe MHO)KeCTBO 

't .L(OJl)K.HO co,nep)KaTb He 6onee l.feM HeKOT0poe onpe,ueJJeHHOe l.fHCJlO nepeMeHHblX. YrroM.srnyTM 

)Ke MeTO,UHKa O,UHHaKOBO npHMeHHMa )lJljf JII06b£X MHO)KeCTB rrepeMeHHblX 't. 

EcnH 3apattee H3BeCTHhl He06XO,lJ.HMOe )lJljf aHaJIH3a lfHCJlO 3Hal.feHHH Ka)l(,ll.OH nepeMeHHOH, 

MHO)KeCTBa -c<•> , ••• , -c<m> H CTeneHb k TT0JJHHOMa D 1(q>) , TO JJefKO M0)K.HO ll0,ll.Cl.fHTaTb lfHCJlO T0l.feK 

(y3JIOB), 3aD.aHHe B KOTOpblX 3Hal.feHHH npH6mt)KalOIIJ.eH QJYHKUHH 0,lJ.H03Hal.fH0 onpeJJ;eMeT no­

CJJe,lJ.HlOIO. HanpHMep, eCJIH lfHCJIO nepeMeHHblX n = 10, Ka)K.L(Oe H3 MHO)KeCTB 't ( 4HCJJ0 HX 10) co­

.ll,ep)KHT no O.AHOH nepeMeHHOH, k = l , a TPe6yeMoe lfHCJJO 3Hat.1eHHH KIDKJlOH nepeMeHHOH q = 10, 
TO TaKOe l.lHCJIO TOlfeK paBHO 91. IIpRMOe )Ke npHMeHeHHe TeopeM I H 2 TPe6yer o6beMa 3KcnepH­

MeHTOB t = l 010
, KOTOpblH ,A8)Ke npH ynoMJittyTOM nnaHHposaHHH 3KCnepHMeHT0B C YMeHbWeHH­

eM lfHCJia 3HalfeHHH Ka)K.L(OH nepeMeHHOH .L(O 2 He MO)KeT 6bITb MeHbWe 2 IO> l 000, T.e. TaKaR Me­

T0.LJ.HKa MO)KeT Tpe6oBaTb HHOrJJ,a o6beM 3KcnepHMeHTOB, 3Hal.fHTeJibHO npeBblWalOll.lHH l.fHCJl0 

T04eK, .LJ.OCTaT04H0e ,lJ.J1JI OnHCaHHJI npH6JIIDKaJOI..QeH QJYHKUHH. 
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B CB513H C 3THM B03HHKaeT nOTpe6HOCTb B MeT0)].aX C0Kpamettl-UI 06beMa 3KCnepHMeHT0B HJlJ.t 
) 

YT0 TI0YTH TO )Ke CaM0e, s npH6mo1<emrn cpyHKUHH MH0fHX nepeMeHHbIX He a MHOfOMepHOM na. 
pa.m1enenHne)].e, a B HeK0TOp0M ere no)].MH0)l(eCTBe, HMelOmeM 3Hat.rnTeJihH0 MeHbUJee CfHCJIO T0-

YeK, tJeM caM napannenernme,ll. 

3. Ilpu6JIH~euue ea MHO:)ICeCTBe THD3 "JiaTHHCKHH KB3,llpaT" 

ITycTb MH0)KecTBo TotteK M aBJ1JleTC51 IT0JJ.MH0)l(eCTB0M napan.11e.11ernme,lla D, npHt{eM TaKm,1 
ttT0 Jll06a.51 KOM6HHal(H51 Jil06bIX r nepeMeHHblX BCTpettaJiaCb B HeM o6513aTeJibHO H 0,llKRaKoBo~ 

t{HCJIO pa3. TaKHe MH0)KeCTBa H3BeCTHhl, HanpHMep, naTHHCKKe KBa,llpaThl [17]. IlpKMepOM npo­

CTeiimero JiaTHHCKOfO KBa,llpara CJIY)KHT Ta6mn.J,a 

X1 X2 X3 Bae,ueM onepal.\KIO ocpe.uHeIDUI Ha MH0)KeCTBe M q>ym<I.lHH <p( CT n) no MHO-

1 I 2 )KeCTBY nepeMeHHblX tn-q, r,Ue 'tq TaK0BO, ttT0 q ::; r : 

<p( 't) = f <p( CT J dx(t)/ f dx(T)' 
M(t) M(t) 

l 2 l 
2 I l (43) 

2 2 2 
r.ue MH0)l(eCTB0 M(t) eCTI, MH0)l(eCTB0 scex T0tteK H3 M, KMelOIUHX Ty )Ke 

KOM6Hl-laUKIO 3HatteHHH nepeMeHHbJX, BX0,ll51UlHX B 't, YT0 H KOM6HHalJ,IDI 3HatteHHH nepeMeHHI,JX t 

s JieBOH ttaCTH (43). 
OtteBH.lJ.HO, ttTo ecnH M ( -r) = D(t) , TO :na onepaum1 ocpe,LXHeHIDI cosna,llae-r c onepauHeH oc-

pe.ll,Hemrn, BBe,UeHHOH BbIUJe. OnepaUH51 ocpe.ll,HeHHjf ( 43) o6na,LXaeT TeMH )Ke CBOHCTBaMH 1 .. .4 
H (29). OTclO)la cne.lJ.YIOT neMMa l' H reopeMa 1 '. 

JJeMMa 1' [ 18]. EcJIH Ha MH0)l(eCTBe M, 51BmnomeMC51 TIO.ll,MHO)l(eCTB0M n-MepH0f0 Ky6a 

D={x, =x11 , • •• • ,x,p; i=l , ... ,n}, TaK0M, ttTO .11106a.51 KoM6HHaUH51 3HatteHHH .111061,rx r nepeMeHHL1x 

BCTpeqaeTC51 s HeM o6513aTeJILHO H o,mrna1<osoe crnc.110 pa3, q>YHf<l(Hjl <p( CT n) npe,ncrasrui:eTC51 B BH­

,lle <p( cr J = L, J, ( 't(i)), npHt{eM -r(I>, ... , 't( m) TaK0Bbl, 'ITO q ::; r s µ~//) = 't(I) U 't(/) (i, j = 1, ... , m) , TO 

0Ha npe,llCTaBJ1JleTC51 B MB BH)le 

<j>( O' J = L, <j>( 't(I)) - L, <j>( 't(i) n 't(/) ) + ... + (-} ) ( • + I) <j>( 't(I ) n ... n 't(m) ) . 

ISiSm 15/S/Sm 

TeopeMa 1' [18]. CpeJlH cpyttKUHH BH.Ua 
IS1Sm 

B µ (//) = 't(I ) u 't(j) 
q 

(i, j = l, ... ,m) , npH6JIH)l(alOUlHX s M <l>YHKllHIO <p(crJ , cymecTByeT e,UHHCTBeHHa.51 HaHJiyqwa.51 

npH6JIH)l(alOUla.51 q>yHKl.lIDI 

\lf(CTJ= L,<p(-r<1>)- L <p(-r('> n-r<1>)+ ... +(-IY"'+1><p(-r<1>n ... n-r<"'>), (44) 
ISiSm ISISJSm 

peaJIH3YJOUla.51 MHHHMYM cpe.uHeKBa,llpaTHt{eCKOfO OTKJIOHeHH51 

6~ = f {<p(crJ-\j/(crn )f dx(CTJ/f dx(crJ = (J <p
2
(crJdx(crJ- f \j/2(crJdx(crJJ Is dx(aJ. (45) 

M M M M /M 
llpUMetJa11ue: TeopeMy 1' MO)KH0 paccMaTpHBan, KaK o6o6meHHe MHorocpaKTopttoro attaJIH33 

(M<l>A) nJiaHHp0BaHIDI 3KCnepHMeHT0B P.A. <l>HUJepa [19] Ha rrp0H3B0JIJ,H0e ljffC.110 nepeMeHHhlX 

cpaKTopoa.
4
) 

TeopeMa 2' [ 15, 16]. ITyCTb 3a)].aHbl CHCTeMa JIHHeHHO-He3aBHCHMhlX Ha MH0)l(eCTBe M cpyHK­

UHH <pl(CTJ, ... ,<p. (CTJ H IT0JI0)l(HTeJlhH0 onpe.ueneHHa.51 CHMMeTpH'IHa.51 M3TpHUa N. Tor.ua cpe,llff 

cpyHKUHH BH)].a L a., <p, ( cr n), npH6JIH)l(aeMbIX Ha M q>yHKUH51MH BH)].a L f, ( -r<1>) , r.ue q ::; r B 
IS/Sm 

4
> C yqeToM TipHMe'laHIDI H TeopeM 2, 2' H 2" paccMaTPHBaeMbJH MeTO.ll. np1rn6pen HaJBaHHe HJIM<I>A. 
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µ~n = 't<;J U 't<J> (i,j = 1, ... , m), cyI:QecTayer no KpaHHeH Mepe O.LJ.Ha, AJUI KOTopoH pea.nHJyercH 

HaHMeHbwee OTHOCHTeJlbHO KBa.llpaTHliHOH cpopMbl aNa T KBa,apaTwrnoe OTKJIOHeHHe, paBHOe 

r.ne 

ifr(J {r a,cp,(oJ- L //'t(/))}J/(aNaT f cJx(crJ)= i~f a(<I>- ~)aT = A.fflln , (46) 
I M IS/Sk ISJSm M aNa 

Ill=([ q,,(cr.)q,1(cr.)dx,(o.) / [ dx,(cr.) r, 
,. =(! '11,(cr.)1j1, (cr.)dx,(cr.); l r1x.ccr.) f. 

(47) 

(48) 

'I'( cr n) - HaHJIYlimee ( no TeopeMe I ') npH6mraceHHe Ha M cpyHl<UHH cp( cr n) q>)'HKUHeH BH.D.a 

L /,('t(I)). 
1s1s .. 

Ec11u B Ka1.1ecTae CHCTeMbt cpyHKI.{HH cp 1 ( cr J, ... , cp t ( cr J 6y .D.eM paccMaTPHBaTb cHcTeMY cTene-

HeH cpyHKUHH cp(crJ: cp(crJ,cp2(crJ, ... ,cpn(crJ, a B Ka1.1ecTBe MaTPHULI N MaTPmzy 

( )

(k) 

<I>'= ij [ cp<1+1-2>(crJdx.(crJ / ! dx.(crJ i ' (49) 

TO IlOJl)"llfM pemeHHe 3a,aa1.1H (11) Ha MHO)KeCTBe M 
IlpHMep 5. 3Ha1.leHHSI q>yttKllHH cp(x,y,z) = '1,....x_+_y_+_z_+_0_,_2_5 -0,5, HCK3.)KeHHble cnyqaHHOH 

norpewHOCTbJO ( cr = 0, 01 ), npHBe.LJ.eHbt B Ta6.rmue, npe.D.CTaBJUDOIIJ,eH co6ou JiaTHHCKHH KBa,apaT: 

X y z cp LC£/) IlpuMeHeHHe reopeMbt 2' .LJ.aeT npH6JIH)l(eHHe co cpe.n;He-

1 1 1 1,30 1,300 KBa,apaTJflleCKHM OTKJIOHeHHeM::::: 0,007: 
1 2 2 1,78 1,784 r-1(cp) = 0,2076cp + 0,1984cp2 = J;(x)+ fi(y) + J;(z), r,Ae 
1 3 3 2, 19 2,189 x,y,z 1 2 3 
2 1 2 1,79 1,788 

1,0076 1,2039 1,4062 
2 2 3 2, 19 2,190 J; (x) 
2 3 1 2,00 2,002 fz(y) -0,2017 -0,0015 0,2012 
3 l 3 2,19 I, 191 

/3(z) -0,2027 0,0015 0,2012 
3 2 1 2,00 1,999 
3 3 2 2,37 2,367 3Ha1.1eHHH L{J; (x) + / 2 (y) + / 3 (z)} npHBe.D.eHLI B HCXO,ll,HOH 

Ta611Hue B KOJIOHKe L(''I.f) . 
TeopeMbl I' H 2', KaK H TeopeMbl I H 2, Il03BQJljlJOT TaK np0BO.L(HTb nmurnpoBaHHe no11yqeHIDI 

1.IHCJieHHOH HHq>OpMaUHH, 1.IT06bl no11yqaTb M0.D.eJIH THna ( 1 ] ) npH 803MQ)l(HQ MeHbWeM o6'beMe 

HCXO.LJ.HOH HHq>OpMaUHH. O,ll,HaKo 0HH npe,1J.no11araJOT, 1.IT0 HHq>OpMaU,IDI onpe.D.eJieHHbIM o6pa30M 

cnnattuposatta, T.e . rrpe.D.CTaBJieHa B Ta611uuax anoJIHe onpe.D.eJieHHoro BH.L(a. 

Ha npaKTHKe )Ke cnnoUib u pHJJ.OM B03HHKaJOT c1-rryauuu, K0r.D.a )KeJiarem,Ho npoaHaJIH3Hpo­

BaTb 1.IHCJieHHYJO HHq>OpMaU,HJO, H3 KOTOpOH HeB03MO)KH0 COCTaBHTb OOJIHOH HJTH OPTOfOHaJlbHOH 

Ta6JIH~bl (3KcnepHMeHT }')Ke npoae.D.eH H rrposeCTH JJ.OilOJIHHTeJibHble 3KCnepuMeHTbl HeJib3SI, 3KC­

nepHMeHTaJibHble B03MO)Kff0CTH He )laJOT nposeCTH 3KCnepHMeHT npH HeK0TOpblX C0lieTaHHSIX 

3HalieHHH napaMeTp0B H T.)l., H T.n.). Il03TOMY :>KeJiaTeJibHbl MeT0.lJ.bl, 003B0JUIJ01UHe pewaTb 38,lla­

qy (7) npH np0H380JlbH0M Ha6ope HHq>OpMaUHH, T.e. B crryqa_gx, K0r.D.a B Ta6JIHU,e He 3aTI0JIHeHI,I, 

soo6me rosop.si, npoH3BOJibHbte Sll.{eHKH. 
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4. Ilpn6J1naceene e npoHJBOJlbBOH o6JiaCTH 

TiycTb o6nacTb Uc D TilK0Ba, 'IT0 ecnH q>)'HKUIDI ro( cr J = L J, ('r<'l) onpe.D.eneHa B U, To 

TeM caMbIM oHa orrpe,nenetta H B D. (HanpHMep, ,ZlJIJI ro( cr") = f (0) = const 3THM CBOHCTBOM o6na­

)lae-r mo6rui tterrycTrui o6nacTb U.) 
PaccMOTpKM npH6mD1<eHHe B U q>yHKUHH cp( cr") q>yHKUIDIMH BH,Zla L J, ( 't<'l ) : 

(50) 

r)le L f,° ('t<1
, ) - rroKa HeH3BeCTHM HaM (H, KaK M0)KH0 noKaJaTb, e,nHHCTBeHHM) HaHJiyqWaJI 

IS/Sm 

npH6mu1ca10mrui q>)'HKUH.11. 
O6pa3yeM B D q>yHKUHH 

(51) 

(52) 

~(crJ-'l'~(crJ='l'4>(crJ s D-U , r,ne 'l'/crJ H '1'4>(crJ - mtHnyqmHe npH6JIH)KaIOIUHe B D 

q>yHKUHH C00TBe'fCTBeHH0 ~( CJ n) H <t>( CJ n) H3 KJiacca { L /, ( 't(I) )} . 
IS/Sm 

EcJIH ~(crJ onpe)leJIHTh KaJ< 

ISJSI 

r,ne / - 'IHcno T0'leK s D - U , a 

TO cnpase,ZlJIHBo 

16 

{
l rrpH cr = P· 

( ) 
n t> 

11 cr = 
' " 0 npH cr" # P, , P, E (D - U), 

l = 

I O ... 0 

0 1. .. 0 

(54) 

(55) 

(56) 

(57) 

(58) 



'41/P) -3Ha'ieHHe BTOl{J(e ~.~E(D-U) Haarryqrnero s D np1-16m1)Kemu1 cpyttKUmt: 11,(cr,, ) 

cpyma.1,HJ1MH H3 KJiacca { L /, ( ,:<'> )} , 
IS1Sm 

a1 'l',i,(~) 

a= 
a2 

''1'4> = 
'l',i,(~) 

(59) 
.. .. . 

a, 'l',i,(P,) 

OrclO.ll.8 $18CTByeT, lffO MO)KeT 6h1Tb HaimeH BeKTOp a, a cne.ll,OBaTeJibHO, H q>yHIC.l{HJI ~(a,,). 

3aMeTHM, B 'i8CTHOCTH, l{TQ HeBblpO)K)J.eHHOCTb M8TPlfUbl I - 'I'~ jJBJUleTC}l He06XO.ll,HMblM H 

.LJ.OCTaTO'iHhIM ycnosHeM Toro, 'iTO cpyHKUHJI L f, ( i:111) , onpe.neneHH8}1 s U, HMeeT O.LJ.HO3Hal1Hoe 

npO.ll,OJDKeHHe B D - u. 
TaKHM o6pa3oM, cnpase.ll,JlltBa TeopeMa 1" [20]. CpeJlH cpyHKl(HH BH.Ua L /,(t111 ) , npH6JIH-

IS/Sm 

)KalOI..QHX B o6nacm u cpyHKUHJO q>( a "), cy11.J,eCTBYeT e.ll,HHCTBeHH8}1 HaHJI)"-IW8}1 rrpH6nH)K8fOLQ8}1 

cp}'HKUH }1 

'I'( a") = L [ <I>( ,:<1> ) + ;( ,:<1>)] - L [<I>(,:<'> n ,:u> ) + ;( ,:<1> n ,:u> )] + ... 
IS/Sm ISl</Sm 

... + (-} y m+ I ) [ cl>( ,:<lln ... n,:<m) ) + ;(,:(I) n ... n ,:(m) )] , 

peanH3YJOI..Q8}1 MHHHMyM cpe.nHeKBa.ll,paTH'ieCKOrO OTKJIOHeHIDI., paBHbfH 

j~f f {q>( a ,, )- L J;(i:111 )}
2 
dx( cr,,) = I {<I>( cr,,) + ;( cr,,)- \jl(cr,,) r dx( a,,), 

U ISISm D 

ITpH Mep 6 

y 

Y1 

Y2 

Y3 

+ 

X 

X1 X2 X3 
::::: 

X X1 X2 X3 

3,6 5,4 - <l>(x) + ;(x) 3,3 + 3,15 5,7 + 2,85 9,3 + 3,15 

6,3 - 12,6 

- 11 ,7 15,3 

y Yi 

<l>(y) + ;(y) 3 + 3,15 

y 

= Y i 

Y2 

Y J 

Y2 Y 3 

6,3 + 2,85 9,0+3,15 

X 

Xi X2 X3 

3,45 5,55 (9,45) 

6,45 (8,55) 12,45 

(9,45) 11 ,55 15,45 

<l>(0) + ;(O) 

6, 1 + 3,05 
= 

(60) 

(61) 

+ 
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CnpaBeJJ,JIHBa H TeopeMa 2" [20]. Cpe,n:H cpyttKUHH sH.n:a L a 1<p1(CJ.) (r.n:e <p1(CJJ, ... ,<p.(CJ.) _ 
IS/Sk 

CHCTeMa mrneHHo-He3aBHCHMbJX cpyHKUHH), npH6nIDKaeMbJX q>YJIKI.UUIMH BHJJ.a L J, ('r:<•>), CYI.Qe. 
IS1Sm 

CTByeT no KpaHHeH Mepe O)lHa, JJ,J1JI KOTOpOH peanH3YeTCjj HaHMeHbUlee KBa,npaTH'-fHOe OTKJlOlie­

HHe OTHOCHTeJlbHO nono)KH'feJlbHO onpe)leJTeHHOH cpopMbI aNa T: 

f {La, <p(CJ,.)- L ~(-r:''') }2 dx(CJJ (F- QJ\ T 

. f U IS1Sk ISJSm "nf (l .a. J(l '\ 
tn = I "'mtn , 
a._( aNaT a aNaT (62) 

r)le 

( )(~ 

F = [ {<l>,(CJ,.)+~1(CJ,.)}{<l>/CJ.) + ~/CJ,.)}dx(CJ,.) 
1 

, (63) 

<l> (CJ ) = {<p,(CJJ BU; 
' " 0sD-U, 

(64) 

{
OBU; 

~I (CJ" ) = "'~ (CJ") + "'cl>, (CJ" ) B D - u; (65) 

'l'c1>, (CJ.) H 'I',. (CJ.) HaRJI)"lliIHe npH6moKeHIDI B D cpyHKUHH <l> 1 (CJ,.) H ~ 1 (CJ") H3 KJ1acca 

t~ fi(-r:''')}, 

'I'=( [ {ljl., (a.)+"'' (a.)){ljl., (a.)+"''' (a.)} d;({a.) r (66) 

EcnH no.u <p,(CJ.), ... ,<p.(CJ,.) TIO)lpa3yMeBaTb CTeneHJf q>YJIKUHH <p(CJJ: <p(CJ,.), ... ,<p"(CJ.), TO 

nony1IHM pewettHe 3a,na1IH (11) B o6naCTH U. 

3aKJIIO'ICUHe 

HJlM<l>A .uaeT B03MO)l(}fOCTb pelllaTb cne,eyJOW.He 3a,na1IH: 

- BbljjBJUITb pa3,UeJleHHe nepeMeHHbTX B .uaHHbIX H Ha 3TOH OCHOBe CTpOHTb MaTeMaTHlJeCKHe M0-

.uen11 C "pa3,uemUOW.HMHCR" nepeMeHHblMH H nnaHHposaTb nonyqeHHe l.(HCJleHHOH HHq>OpMaQHH 

JJ,JISI nOCTJ)OeHIDI 3THX MO)leJleH; 

- HaxO)lHTb WKaJlbl H3MepeHHSl BeJTH'{HH, npH KOTOpblX 3TH BeJlHlJHHl,( 6yJzyT 3aBHCeTb OT "pa3,ne­

Jljjl()UJ.HXCjj" nepeMeHHbJX; 

- HaXO)lHTb B3aHM03aBHCHMOCTb cpyHICT.{HH, 3aBHCjjUJ.HX OT O)lHHX H Tex )Ke nepeMeHHblX (pac-

CMaTpHBaR, HanpHMep, BMecTo La, <p, ( CJ J cyMMY nonHHOMOB OT Hec~OJTl,KHX cpyHKUHH). 
ISISk 

O.uHaKo HJ1M<l>A Tpe6yeT, 1IT06bl .uaHHble 6blJ1H ynopjj)lOlJeHbl B BH)le onpe.ueneHHblX MH0-

rocpaKTOpHblX Ta6J1HU. EcnH )Ke nonyqeHHe ynopjj)lOlJeHHblX nepBHlJHblX )laHHblX HeB03MO)KH0 

(1ITO Ha npaKTHKe 6bIBaeT CTIJlOWb H PjjJJ.OM), TO HHor.ua MOryT BbIPY1IHTb MeTO)lbl HHTepnoJUIUWI 

H 3 KCTpanomIUHH HJlH TaKOH MOW.HbIH cospeMeHHbIH HHCTpyMeHT, KaK "tteifpOHH1>1e ce-rn". C HX 

TIOMOW.blO Ha OCHOBe HeynopjjJJ.OlJeHHoro MaCCHBa nepBHlJHblX )laHHblX MO)KHO TIOCTpOHTb ynopSI­

)lOYeH HblH MaCCHB npas.uono.n:o6Hb1X BTOpH1IHblX .uaHHbJX, KOTOpblH H CJleJzyeT no.n.sepraTb 

HJlM<l>A, a nyreM BH3YaJ1H3aUHH nOCTpOHTb npoeKT MO)leJlH, K03q>q>HUHeHTbl KOTOpOH yT04HHTb 

3aTeM nyreM annpOKCHMaUHH e10 nepBHlJHbJX .uaHHblX. 

OnbIT npHMeHeHIDI HJ1M<l>A (a 3TO TIOlJTH .use COTHH 3a_naq npeHMyw.ecTBeHHO aToMHOH 

HayKH 11 TeXHHKH, YaCTb H3 HHX ony6J1HKOBaHa [21. .. 30]) ITOKa3aJ1, YTO s 99 % cnyqaes nonyqa­

lOTCjj y.uosneTBOpHTeJlbHble no TOYHOCTH aHamfTHlJeCKHe (,f rpacpo-aHaJlHTHlJeCKHe MO.l].eJTH. 
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r O6nacn1 npl,fJIO)f(eHHJI HJIM<l>A Moryr 6bITb caMblMH pa3H006pa3HblMH. HaH6onee aKT)'aJib-

f-lbIMH, no MHCHHIO asTopa, JIBJIJIIOTCJI: 

- BbUIBJICHHe H OITHCattHe 3aKOHOMepHOCTeii; 

-ynpasnemre KaYeCTBOM. M<l>A <l>1m1epa no3BOJIHJI s .Hnomrn s KOHUe 40-x rr. nepeHTH s npo113-

80,ncTBe OT .nonyCK0B Ha KIDK.QYIO TeXHOJIOrHYeCKYJO onepaUHIO ( CHCTeMa TeHJiopa) K ynpaBJie­

HHJO KalfeCTBOM C nOMOUlbIO MHOrocpaKTOpHOH MO,nemf 3aBHCHMOCTH KOHelfHOro pe3yJibTaTa OT 

scex onepaUHH (MeTO.Llbl Tary1rn), lfT0 pe3KO ITOBblCHJIO Kal.feCTBO npo,nyKUHM. B CIIIA 3TH MeTO­

Jlbl npHMe~IOTCJI C Hal.Jana 80-x. HJIM<l>A pacurnpHT B03MO)KHOCTH TaKOfO TTO)lXO}la K ynpa:BJie­

HHJO KalfeCTBOM; 

- yrrpasJieHHe C ITOMOll.lbIO " HelfeTKOH JIOrHKH". OpHeHTaUHJI B ynpasJieHHH He Ha lfeTKYIO uem,, a 

Ha ee O)l(}f,llaHHe (MaTeMaTHlfeCKOe, sepOJITHOCTHOe H T.n.), Il03BOIDUia B 5InOHHH B 80-x IT. BHe­

JlPHTb s HOBbie BH.llbl npo.zzyKUHli tte11eTKyIO nornKy (fuzzy logic), C03)laHttyIO B ClllA s 60-x rr. 

HJIM<I>A pacun1pHT npH:MetteHHe fuzzy logic .UJIJI cnylfaes y11eTa MHOrHX BJIHJIIOJ.UHX cpaKTopos; 

- mrrepcpeik noTPe6HTeJIJ1. KOMTTbIOTepa H oco6ettHO cynepKOMTibIOTepa. I1cnom,3osatt11e cynep­

KOMITbIOTepos Il03BOJI.JleT MHOrHe 3a}lalfH, ttarrpHMep, B HCHTPOHHOH q>H3HKe, Tennoq>H3HKe H T.n. 

ClfliTaTb "s no6", He npHMCHJI.JI pa3JIHqHblX ynpOll.l,aIOll.lHX HX peweHHe npe.nnoJIO)KeHH.H, rrpH6JIH­

)KeHHH H MOJleJieH THna JlHq>q>Y3HOHHblX H KHHeTHl.fCCKHX ypaBHCHKH, rpynnOBblX KOHCTaHT H np. 

HoBble B03MO)f(HOCTH npJ1Moro MO,lleJIHposaHHJI. o60CTPJIIOT npo6neMy OCMblCJieHHJI. H HarJIJl,llHOrO 

npeJlCTaBJieHHJI pe3yJibTaTOB, TaK KaK qeM 60JibWe ,lleTaJieH H oco6eHHOCTeH )'1-lliTbJBaeT 'lHCJieH­

HblH MeTOJl MOJleJIHposaHHJI., TeM MeHee npe}lCKa3yeMbJ KaK CaMH pe3yJibTaTbl, TaK H HX TeH,neH­

I..Offl H 3aKOHOMepHOCTH. Ilo3TOMY KOMilbIOTep TPe6yeT cosepweHCTBOBaHIDI HHTepcpeiica IlOJil,30-

BaTeJIJI )lJIJI BH3YaJIH3aUHH MHOroMepHblX pe3yJibTaTOB, HanpHMep, B BH}le HOMOrpaMM H o6nerqe­

HIDI HX OCMblCJICHHJI, lfTO oco6eHHO Ba:>KHO )J.JUI. ynpasJieHliJI H 6e3onaCHOCTH JIJlepHblX ycTaHOBOK. 

IloTPe6HOCTb s BbUI.BJICHliH pa.3,neJieHHJI. nepeMeHHblX s MH0rOMepHblX ,naHHbIX, s KOMnJieKC­

HOH BH3YaJIH3aUHH HX cymecTBOBaJia )')Ke MHOfO BeKOB. IlolfeMy )Ke IlOJl06HbJH pe3yJibTaT He no­

JIYt.feH paHee, Be.l1,b OCHOBHOH HHCTp)'MeHT, HCilOJlb30BaHHblH B .ll3HHOH pa6oTe, - KOM6HHaTOpHKa 

(COlfeTaHIDI) 6bfJI H3BeCTeH s XV BeKe? BepOJITHO, .ueno s TOM, lfTO OCHOBHble cpopMy1Ibl (25), (33) 
HeOlfeBH,llHbl H )lJIJI D,OKa3aTeJibCTB He06XO.llHMO CHalfaJia .nora}laTbCJI O HHX. 

K co)f(aJieHHIO, s PoccHH He TOJibKO HJIM<l>A, HO H M<l>A <l>mnepa He HatllJIH .llOJl)f(HOro 

npHMeHeHHJI. TaK, HanpHMep, TTOHCKOBaJI CHCTeMa Google 

• Ha 3anpoc « " nnaHHposaHHe 3Kcnep11MeHTos" <l>mnep» BbJJlaeT s l 000 pa.3 MeHbme Web-

CTpaHHU Ha pyccKOM Jl3bJKe, lfeM Ha aHrJili.HCKOM; 

• TO )KC caMoe COOTHOI.IJeHHe H no 3anpocy «HaHOTeXHOJIOfHH "nnaHHpoBaHHe 3KCnepHMeH-

TOB" ». 

Ko11maKmHGJ1. CBR.3b - Mopoawee BJ1aoUMup MuxaW1oeu'I, me.JI. : (499)728-59-68 (o.), e-mail: 
mrdshv@rambler.ru 
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Y,[(K 621.039.59 
IloucK B0JM0:lKHon cTpyKTyphl cTau;11011apHoii cucTeMbl 

6y,nymeii sinepHOH JHepreTHKH C 33MKHyTblM si,nepHbIM TOnJIHBHbIM ~HKJIOM 

Ha OCUOBe HCCJie,nOB3HHSI HYKJilf}:{HblX 6aJiaHCOB 

Jl.J(. AneKceeecKuii, 
cI>fY PHIJ; " Kyp4aTOBCK11H HHCTHryT", 123 I 82, Moc KBa, nn. Kypt.IaToBa, l 

l•h11ara10TC.!I pe3yJJbTaTI,I pa60Tbl no 11cc11e.noeaHIDO JaMKH)'TblX no T.ff)l(eJJbJM H}'KJJl,fJlaM .!IJlepHblX TOn­
mrnHblX l.lHKJJos (51TI.O. Ilp11 JaMb1Katt1111 51TU: rm T.!l)l(em,1M HyKJJ11.naM soJMO)l{HO pa3BHTHe MepHOH :rnep­
reTHKH (513) 6e3 HaKOTIJieHID! .noJJro)l(HBYIUHX pamIOaKTifBHbIX H}'KJIH.!lOB, a Cblpbeaa.11 6aJa 513 pacrmrp.11eT­
C.!I", o6ecnelfHBaJI .nonrocpoqHoe pa3BHTHe. Hccne.noBaJJHCb CTaUHOHapHble CHCTeMbI 513, BKJIIOqafOll{He B 
ce6.!I 3 THna peaKTOpos: TeilJIOBble peaKTOpbI (TP), 6blCTpble peaKTOpbl (EP)-"pa3MH0)1(J,fTem1" H )1(11,AKOCO­
JieBbte peaKTOpbl ()KCP)-"nepe)l(HraTem1". CpasHHTeJJbHblH aHaJJH3 pa311HlfHblX CTJJYKTYP 513 npOBO.llHJIC.!1 
no JlBYM sa)l(ttem.uHM napaMeTJ)aM 51Tll Ko1111qecrno T.!l)l(em,1x ttyKJI.11.noe e cwcTeMe, .non11 peaKTopos pa3-
Horo THna B o6meM :rnepronpOH3B0.!lCTBe. B paMKax .naHHOfO HCCJie.nosaHH.!I pacCMOTpeHbJ 9 pa3JIH1-!Hb1X 
CTPYKTYP 513 c U-Pu, U-Th 11 U-Pu-Th 51Tll. 

Analysis of acceptable stationary nuclear energy systems with closed fuel cycle based on nuclide 
balance study. L.D. Alekseevsky. The results of closed nuclear fuel cycles (NFC) studies are presented. 
NFC closing makes it possible to develop nuclear energy (NE) without accumulating long-lived radioactive 
nuclides. At the same time it expands resource base of NE source providing its long-term development. In the 
present study systems with three types of reactors were considered: thermal reactors, fast "breeder" reactors 
and molten salt "incinerator" reactors. In the comparative analysis two general NFC characteristics are taken 
into account: heavy nuclides equilibrium quantities, distribution of energy production. Within the framework 
of the present study nine various structures of NE systems with U-Pu, U-Th and U-Pu-Th closed fuel cycle 
were considered. 

OJJ.HOBpeMeHHO c TeM, KaK B MHpe npHXOJJ.HT ITOHHMaHHe orpaHH'•leHHOCTH opraHHYeCKOro 

T0TIJlHBa B KaYeCTBe OCHOBhl J\,lHpOBOH 3HeprentKH (Ha JJ.OJirylO nepcneKTHBY), o6wecTBO Bee 

6onbwe BHHMaHH.!I yJJ.emreT n0HCKY ycTOH'-IHBblX 3HeprOTeXHOflOrHH [I] KOTOphle )J.OJDKHhl YJJ.OB­

JleTBOpjlTh cne)J.ylOWHM OCHOBHhlM i-pe6oBaHH.!IM: a) 6onhWaJI pecypcttajj 6aJa, 6) 3KOHOMHYeCKruI 

npHeMneMOCTh, s) MHHHMMhHOe 803)].eHCTBHe Ha 0Kpy)Ka10wy10 cpeJJ.y. 

lfro6ht 513 CMorna YJJ.OBJleTB0pHTb BCeM 3THM Ype6oBaHIDIM, He06XOJJ.HM p51JJ. cepbe3HhlX Mep. 

Bo-nepBhlX, 3TO BBe)J.eHHe 6P B CHCTeMy 513, '-ITO KapJJ.HHMhH0 yeeJlHlJHBaeT ee pecypcttylO 6aJy. 

Bo-BTOphlX, 3TO 3aMhtKaHHe 51TIJ, no BCeM TIDKenhIM H)'KnH)J.aM H HaH6onee onaCHhlM npoJJ.yKTaM 

)J.eJleHH.!I, '-ITO n03BOn.!leT He HaKarurnBaTh )J.OJlfO)f<HBYWYIO pa)J.H0aKTHBHOCTh, C8jj3aHttylO B oc­

HOBHOM C T.IDKenblMH ttyKnH)J.aMH. B )J.aHHOH pa6oTe HCCJle)J.0BanHCh 3aMKttyThle no TIDKeJlhlM eyK­

flH)J.aM 51TIJ,. 

Hccne)J.OBaHHSI 3aMKttyThIX 5ITU. n0KaJMH [2], YTO )J.JUI Toro, t.JT06ht CHCTeMa 513 Morna YJJ.0B­

JleTB0p.!ITh BCeM Tpe6osaHH.!IM, npeJJ.b.sIBn.sieMhlM K cospeMeHHhlM :meproTexttonorHSIM, Otta 

)J.OJDKHa BKnlOt.JaTh B ce6.si KaK MHHHMYM 3 THna peKTopoB, a HMeHHO: TP, 3<1J<tJeKTHBHO C)K}fral0-

1.1\He Pu; EP, ttapa6aTb1Baiow.11e TOnnHBO .Il)l.si TP; peaKTOpht-" nepe:>1rnraTe1rn", B KOT0phIX Tpattc­

MYTHPYtoTC.!I H JJ.en51TC51 see JJ.Onro)KHBYW.He aKTHHH.LJ.ht. 

B Ka'-leCTBe TP B pa6oTe 11cnonh3osanach M0JJ.enb peaKTopa BB3P- I 000 [3 ]. B CTJ)yKrypax 

UT-33BN H UPT-73BN s KalJeCTBe 6P npHMetteHa MOJJ.enh EH-1500, B ocTanhHhtX - PEEU.-M [4] . 
B Ka'-leCTBe peaKTopa-" nepe)l<HfaTen .si" paccMaTpHBaJlCSI nepcneKTHBHblH )KCP [5], 0CH0BH0e npe­

HMyw.ecTB0 KOToporo - B03MO)KHOCTh pa60Thl C npOH3BOflbHblM H)'KnH,llHblM C0CTaB0M. HeJJ.OCTa­

i0K )KCP - CflO)KHOCTh KOHCT PYKLlHH H 0THOCHTeJibHO BhlC0Kas! CTOHM0CTh (rroKa TeXHOJ10rlHf H 

3KCnnyarnuHjj He OTpa6oTaHbt). TaIOKe cneJJ.yeT Y'-IHTbtBaTb, lfT0 no cpaBHeHJ,{lO C rnepJJ.OTOnnHB-
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HbIMH peaKTopaMH B )l(CP CHIDKeHO '-IHCJIO 6apbepoB Ha nyr11 pa,!1.HOaKTHBHbIX HYKJJH)J.0B (Ton­

JlHBHruI MaTpi,rua, o60JI0'-1Ka TB3Jla). 

1. CTaueouapHble COCTOHHHH CHCTeM .H3 

I1cnOJlb30BaHHe mo6oro HCTO'-IHHKa 3HeprnH MO)l{HO pa36HTb Ha 3 3Tana: 

• OCBOeHJ-UI HCTO'-IHHKa 3Hepr.1111 H HapaJ..U.HBaHIDr MOUlHOCTH; 

• noCTO.SIHHOro no MOUlHOCTH npOH3B0,!J.CTBa 3Heprn11; 

• nocTeneHH0fO CHIDKeHI-Ul MOUlHOCTH 3HepronpOH3B0,!J.CTBa. 

B ycJIOBIDIX BbI11JeynoWIHYTblX Tpe6oBaHHH K ycTOH'-IHBblM 3HeproTeXHOJ10fHRM onpe,!1.emuo~eij 

,LUI.SI TOH .11JIH HHOH CTPYKTYPhI CHCTeMhl .513 CTaHOBHTCSI npHeMneMOCTb ee CTaUHOHapHoro co­

CTOSIHH.SI, npH KOTOpOM CHCTeMa HMeeT noCTO.SIHHYIO nOJUlHTKY TOJTbKO ChlpbeBblMH ttyKJIH)J.aM11 

(U-238, Th-232) H nOCTOSIHHblH ttyKJTH,!J.HblH COCTaB. I1MeHHO s TaKOM COCTO.SIHH:H KOJlH'-leCTBO T.si:­

)l(eJiblX ttyKJIH,!J.OB B CHCTeMe He pacTeT co BpeMeHeM, a JIHllib nponopUHOHaJibHO o6mei1 3Hepre­

TH'ieCKOH MOUlHOCTH. 

,[(nH cpaBHHTeJibHOro aHaJIH3a np11eMJ1eMOCTH pa3Jiffq]iblX no CTpyKT)'pe 3aMKffYTblX CHCTeM 

.513 B ,uaHHOH pa6ore paccMaTpHBaJIHCb HMeHHO CTaUHOHapHbie COCTORHHSI 3THX CHCTeM. B 3aB11-

CHMOCTH OT opraHH3aUHJ1 noTOKOB ttyKJJH.LlOB Me)l{,ll)' pa3llH'-IHblMH KOMnOHeHTaMH MeHSIIOTC.SI xa­

paKTepHCTHKH CTaUHOHapHb[X COCTOSIHHH. HaXO,!J.SI npHeMJJeMble C TO'-IKH 3peHHR HeHT)JOHHoro 

6anattca CTaUHOHapHbie COCTOSIHH.ll CHCTeM C pa3HOH CTpyKT)'pOH, HX MO)l(HO cpaBHHBaTb no Pa3-
JIH'-IHblM napaMeT)JaM. 

Mo,ueJIHpOBaHHe paBHOBeCHblX COCTO.SIHHH 3aMKH)'TblX CHCTeM .513 MaTeMaTH'-leCKH CBO.LlHTC.SI 

K perneHHIO CHCTeMbl anre6paH'-leCKHX ypastteHHH paBHOBeCI-Ul (6anattca) )J.Jl.ll Ka)l(,llOro ttyKJJH,lla 

Ka)l(,lloro npouecca .5.lTl.I, (peaKTopbr, npoueccbt Bb1,uep)l{KH H nepepa6oTKH). B Ka'-lecrne nepeMeH­

HbIX B ypaBHeHH.si:X BhtcrynaIOT paBHOBeCHbie KOJIH'-leCTBa ttyKJlH.Lla, a K03q>Q>Hur,feHTaMH CJTY)K8T 

CKOpocnt TTOSIBJieHI-Ul H HC'-le3HOBeHmr Hy1urn.na B npouecce. ,[(nH HX Bbl~HCJieHH.si: Heo6XO,llHMO 

3HaTb cpe.LlHHe no cneKTpy pearcropa Hei1TpOHHbre MHKpoce'-leHHR scex ttyKJJH.LlOB npouecca. 

2. KpnTepnH cpasneunH 

O,UHHM H3 Ba)l(HeHWHX KpHTepHeB onTHMH3al..{HH 3aMKffYTblX .5.lTl.J, ,rnn.si:eTCR KOJIHLfeCTBO Ti­

)l(eJlhlX ttyKJIHAOB B CHCTeMe, MHHHMH3auI,uI KOToporo o6ner'-laeT peweHHe 3a,uaq no Hepacnpo­

CTPaHeHHIO ,uenimHXcR MaTepHaJIOB, pa,uHauHOHHOH 6e3onacHOCTH H HeKOTOpblX .npyrHX. 

~yroi1 Ba)l(HbIH C TO'-IKH 3peHHR JKOHOMHKH Kp1nepHH - .LlOJIR EP H )l(CP B o6meM JHepro­

npOH3B0.LlCTBe. TaK KaK BO BCeM MHpe TeXHOJIOfHH C03.LlaHI-Ul H 3KCnnyaTaUHH TP (oco6eHHO B0.Ll0· 

B0.LlSIHblX) Ha .naHHbIH MOMeHT caMbie OT)Ja6oTaHHbie H xopowo ce6SI 3apeKOMeH.LlOBaBllJHe, HaH60-

nee )KeJiaeMbtMH .SIBJI.SOOTC.SI TaKHe cTpyKT)'pbt 513, B KOTOpbtX .non,r TP MaKCHMaJibHa. TaK)l(e ecTe­

CTBeHHbIM BHAHTC.!I MaKCHMaJibHO B03MO)l{H0e coKpameHHe .nonei1 6P H )l(CP B TaKOH 3-

KOMnotteHTHOH CHCTeMe 513 BCJle,llCTBHe OTHOCHTeJibHO Bb[COKOH CTOHMOCTH EP, CJIO)l(HOCTH KOH­

CTPYKUHH )l(CP H BblCOKHX Tpe6oBaHHH K KYJibrype HX 3KCnnyarnu1111 (B peaKTope COKpameHO 

'-IHCJIO 6apbepoB Ha nyrH pa,UHOaKTHBHblX ttyKJlH,llOB). 

3. licnOJibJyeMble nporpaMMbl n MeTO,llHKa pactJeTa 

Ilpo2pOMM1lblU KOMnJleKC !STAR pa3pa6oTaH .nn,r HCCJie,uosaHH.SI KOMnJieKCHblX CHCTeM, 

BKJllO'-laIOUlHX B ce6.s1 pa3JIH'-1Hble npoueCCbl npespamem,rn HYKJlH,llOB: Sl,llepHble peaKTOpbl, npe.n­

npH.!ITHR Bbl,Llep)l(KH H nepepa6oTKH .si:,uepHoro TOnJlHBa, npOH3B0,ll.CTBO TOnJIHBa H T.n., a Ta!Of(e 

nOTOKH ttyKJlH,llOB Me)l(,lly HHMH. 
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O,nHa 113 3a,na4, KOTopy10 MO)l(eT pewaTb nporpaMMHblH KOMnneKc JST AR, - :no Haxo)l(,lleH11e 

i<l3a311CTaUHOHapHoro (acm,mTOTH4eCKOro) COCTO.s!Hl1SI 3aMKHYTblX Cl1CTeM 5!3. C ero noMOLUblO 

W)l(HO paCC411TaTb paBHOBeCHble KOJIH4eCTBa pa,UHOHYKJIH,UOB B pa3HblX 3JleMeHTax CHCTeMbl 513, 

oueHHTb HeHTpOHttylO 3cpcpeKTHBHOCTb scetl CHCTeMbl .513 11 TaKHM o6pa30M nposep11Tb npHeMne­

MOCTb pa3JIH4HblX CTPYKTYP 11 TOnJIHBHblX 1..1,HKJIOB .513 C T04KH 3pemui Y.UOBJleTBopeHHSI npHHU,11-

noB ycTOH4HBOro pa3Bl1.nrn. 

Pacttem oOH02pym106bTX flOepHbIX cel/eHuu nocpeocmeo.it M CNP 5. ~SI pa60Th1 c Mo,nenSIMH 

nporpaMMHOro KOMnneKca ISTAR Heo6xo,UHMbl O,UHOrpynn0Bble HeHTpOHHble ceyemrn ,1).JUl BCex 

tzyKJlH,UOB B KIDK.,ll0M .st,uepHOM peaKTope M0,Uen11pyeMOH CHCTeMbl. 3TH ce4eHl1.Sl pacC411TbIBaJOTC.st 

nocpe,UCTBOM M0,Uen11poBaHID1 COOTBeTCTBYIOLUHX peaKTOpOB nporpaMMHblM KOMTTJieKC0M MCNP. 

B 3TOM cnyYae np11MeHS1J1HCb cpaHJibI ouetteHHbIX .si,uepttbIX ,naHHhIX ENDFB-6 (ENDF-BNI, 

JENDL-3.2 JEF-2.2) c nporpaMMHhIM KOMnneKCOM npe,usap1nenbHOH o6pa6oTKH NJOY91 / 94. 

,[(Ji.st nepese,neHH.sl pe3yJlhTaTOB Ha6opa CTaTl1CTl1K B3al1MO,UeHCTBIDI Sl,Uep aKTHBHOH 30Hbl (a.3.) C 

HeiiTpoHaM11 113 cpawna pe3ynhTaT0B MC P a rn6m,rtnry10 cpopMY cpopMaTa, no.u.nep)l(HsaeMoro 

K0MnJieKCOM ISTAR, 11cnonb3osanc.st cneu11anbHblli nporpaMMHhlH Mo,nynh. 

KoMnblOmepHble A100eJ1U HeupOHHblX cemeu. ~j{ npe,nCKa.3aHHSI pacnpe,neJieHHSI H}'KJIH,llHbIX 

nOTOK0B, COOTBeTCTBYIOLUero npHeMJieMblM CTaUHOHapHblM COCT0SlHH.stM mo6oii paccMaTJHtBae­

MOH CHCTeMbl 513, Heo6xo,UHMO pewaTb 3a,ua4y HHTepnoJl.stUHH MH0roMepHOH cpyttKUHH HeCK0Jlb­

KHX nepeMeHHbIX. TipH paccMOTpeH11H Cl1CTeM C 60JlbllJH.M 4HCJ10M KOMTT0HeHTOB, a HMeHHO TaKHe 

CHCTeMbl npe,ncTaBJl.stlOTC.si: HaH6onee uenecoo6pa3Hb!MH, TaKYIO 3a,uaqy HeB03M0)1(HQ pewHTb rpa­

cp114eCKH, a noToMy tteo6xo,n11M Jlpyrow, 6onee CJIO)l(HbJH MaTeMan14ecKHH annapaT. B ,nattHOH 

pa6oTe ,llJlSI 3THX ueneii np11sne4eH annapaT HetipoHHbIX ceTH. 

Mo,uem1posaH11e HeHpOHHhlX ceTeH 11 HX o6y4eHHe [6] npOH3B0,UHllilCb rrocpe,nCTBOM npo­

rpaMMHOro naKeTa Statistica Neural Networks. vh Mttoro411cneHHb1x T11noa ttei1poHHbIX cereii, 

MO,Uem1pyeMbIX 3THM naKeTOM, HaHJlYt.JLIJHM OKa3aJ1CSI MHOroCJIO.HHblH nepceOTpOH MLP. <l>yHK­

u11eH aKTHBaUHH scex, Kp0Me BXO,UHOro CJIOSI, HdipOHHbIX 3JieMeHTOB CJIY)KHJl nmep6om1t.J:eCKHH 

TaHreHC. 

B Ka4eCTBe MeTO.UOB o6y4eHHSI HeHpOHHblX ceTeH npHMeH.si:JIHCb MeTO,ll o6paTHOro pacnpo­

CTpaHeHIDI ow116KH (Back propagation) 11 KBa311-HblOT0HOB MeTO.U (Quasi-Newton). TlpH no,uo3pe­

HHH O HaJ1H4HH ,U0TTOJIHHTeJibHblX peweHHH B.UaJlH OT ~e HaH,UeHHOro npOB0.IJ;HJl0Cb o6y4eHHe Ha 

pa3HblX o6nacrnx npoc-rpaHCTBa BX0,llHblX ,naHHblX. O,uHaKo np11 npose,uemm HCCJie,llOBaHHH HH 

O.IJ;HOro .uonOJIHHTeJibHOro pemeHRSI He BblSIBJieHO. 

IloucK npueAmeMbTX cn1a11u0Hapub1x cocmoRHuz"i. CTporpaMMHbIH K0MnneKc ISTAR np11 3a­

,naHHbIX no,umtTKax KOMITOHeHTOB CTPYKTypbl CblpbeBblMH H}'KJYH,UaMH pacc4HTbIBaeT semt4HHbl 

Ii36blTKOB HeHTpOHOB )lJISI KIDK.,llOro KOMITOHeHTa c-rpyKTypbI. ~j{ Ka)l(,llOH CTpyKTypbl HaC4HTbl8a­

J1OCb 06yt-ra10LUee MHO)l(eCTBO nap BXO,UOB (K03cpq>HUHeHTOB, xapaKTep1ny10I.J.J.HX no,nnHTKH peaK­

T0pOB CHCTeMbl) H BblX0.UOB (H36bITKH HeHTpOHOB scex peaKTOpOB CHCTeMbI). ~j{ H0pMHpOBKH 

cyMMapHa.si no,nnHTKa .un.si scex CHCTeM npHHHMaJlaCb I 000 Kr/ ro.n HCIT0Jlb3yeMoro T.si)l(eJJoro H}'K­

JlH,Ua, 4TO C00TBeTCTByeT MOI.J.J.H0CTH CHCTeMbl ~ 1000 MBT(3). }.:vlSI 0ITTHMH3aui,rn npouecca o6y-

4eHH.st HeHpOHHOH ceTH B 06y4a101.UeH Bbr6opKe npHMeHSIJlHCb HOpMHp0BaHHbie (0- l) K03cpq>HUH­

eHTbl, xapaKTepH3YIOLUHe pacnpe,ueneHHe 061.UeH no,llrutTKH Me)K,lly pa3JIH4HblMH. peaKTOpaMH. 

KpHTepHeM pean113yeMOCTH peaKTopoB CHCTeMbl 11 O,UHOBpeMeHHO C 3THM HaHny4Wei1: 3cpcpeK­

THBHOCTH HCn0Jlb30BaHHSI HeITTpOHOB npHHHMaJl0Cb paBeHCTBO H36bITKa HeHTpOHOB ,llJISI Ka)l(,ll0ro 

peaKTopa B OT,UeJibHOCTH HeKOTOpOMY H.3BeCTHOMy 113 OITblTa npoeKTHpOBaHID! 3HaqeHHIO. Bno­

cne,ncTBHH KpHTH4HOCTb peaKTOpOB nposepSIJiaCb np.si:MblM pactJeTOM K'$1> 4epe3 MO)leJlb MCNP. 
BBH.UY cyLUeCTBOBaHHSI o6paTHOH CBSl3H. Me)l(,lly O,llHOrpynnOBbJMH HeiiTpOHHbIMH ce4eHHSIMl1 H 

:mepreTH4eCKHM cneKTpOM peaKTOpa Heo6xo,um.ta HTepaUH0HHa.SI MeT0,UHKa npose,uemrn Bb14HC­

JleHHH (cM. CxeMy l ). 
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KoHeu, 
pac'-!era 

CxeMa I. MeTOJlHKa npose)leHH$1 Bblt.iHcJieHHH 

Pac'-leT OJlHOrpynnOBblX ce'-leHHH Ka)l(JlOfO HYKJlHJla 
Ka)l(JlOro peaKTopa nocpeJlCTBOM MCNP 

Hac-rpoiixa IST AR Ha KOHKpeTHy10 CTJ>YKTYPY jJ') 

c 3aMKH)'TbLM RTU, 

Pac'-leT BeKTopoB "Il0JlTIHTKH-l136blTKH" 
JlJlll 06yqarome11 Bbt6opKH HeHpocem 

3a C"leT aapLR])OBamu1 no)lnHTOK B peaKTOpbl 

Haxo)l(JleHl!e noJlXOMmew cTpyKT)'pb1 H 
napaMeTpoB o6yqeHHR He»pocern H 06y'-leH11e ee 

o6paTHOH 3a)la'-le (no 3a)laHHblM H36blTKaM HeHTpO­
HOB HaXO)lHTb COOTBeTCTBYIOlllHe HM no)lnHTKH) 

TTpoaepKa perueHlUI Heiipocern npRMblM pac'-leTOM 1ST AR. 
AHaJIH3 H coxpaHem1e xapaKTepncnnc paBHOBeCHOrO COCTOR­

RHJI (JlOml peaKTopoa a :rneprOBb!pa6oTKe, paBHOBecm,Je KO­
nHt.IeCTBa T.lUKeJlhIX HYKJIH)lOB B npou,eccax CHCTeMbI) 

Pac'-leT paBHOBeCHOro COCTaBa peaKTopoB CHCTeMbl B HOp­
MHpOBKe Ha Ha'-lanbHOe '-IHCnO RJlep 

KJ<j>q> - 1,0 I H H3MeHHJJOCb 
B paMKax norpewHOCTH 



4. Pe3yJJbTaTbl HCCJIC,ltOBaHHH 

B paMKax .naHHoro 11ccne.nosamu1 paccMoTpeHbl 9 pa3JlH'IHbIX no CTpyKType (U-Pu, U-Th H 

U-Pu-Th) cwcreM 5£3. Ha pHc. 1. .. 7 H3o6pIDKeHbl CTJJYKTYPbI, as Ta6n. 1 H 2 npwse.nem,1 cpaBHH­

Tenbm,1e .naHHbie .noneH peaKTopos B :meprOBbipa6oTKe H paBHOBeCHble KOJJH'JeCTBa TH)f(eJJblX 

HYKJJH.[{08 BO scex paCCMOTpeHHblX CHCTeMax. 

3aKJ110qeuee 

J13 no.rryqeHHbIX pe3ynr:.TaTOB cne.zzyeT, l{TO C TOlfKH 3peHH.R MHHHMH3aUHH KOJIHl.feCTsa pa­

.[{Hal.lHOHHOOOaCHbIX HYKJJHAOB B 5£Tl.l HaHJJylfWHMH napaMeTpaMH 06na;i:a10T 3aMKHYTble ypaH­

TOpHeBble CHCTeMbl. O.nHaKO npH 3TOM cne.zzyeT YlfHTbIBaTb, lfTO npaKTHlfeCKH OTCyYCTBYeT om,IT 

o6pameHIDI c TOpHeM. 

qTO KacaeTC.R .noneH pa3!1WIH1,IX peaKTopos B o6meM 3HepronpOH3B0.[{CTBe, TO B ypaH­

TOpHeBbIX CHCTeMax .[{OJlj( )KCP KpaHHe Mana(~ 2 ... 3 %). O.nHaKO npH 3TOM ,Il0Jlj( EP CHJlbHO 803-

pacraeT no cpasHeHHIO c ypaH-nnyrOHHeBblMH CHCTeMaMH H COCTaBJI.SleT ~ 40 %. B ypaH­

nnyTOHHeBOH cHcTeMe .non.REP MeHbme (~ 30 %), HO .non.R )KCP B03pacTaeT c ~ 2 .no~ 8 %. KoM-

6HHHposaHm,1e U-Pu-Th CHCTeMbl OKa3bIBalOTC.SI KOMnpOMHCCHblM aapHaHTOM. 113 paCCMOTpeH-

TP 

~ 

BbfAep>KKa 
M nepepat5ona 

ronnMea TP 

!ecetcpoM9U, Pu! 

3Kj)aH 6blcrporo 
peaKTopa {6P3) 

!see T.al 

BbtAeP>KKa 
M nepepat5ona 
ronn.-.ea 6P3 

>KCP 

A.3. l5btcrporo 
peaKTopa (6PA) 

~ 
BbtAepJKJ<a 

.,. nepepat5ona 
ronn11ea 6PA 

!aceKl)OMIIU, P~ 

TP 

BbfAep>KKa 
M nepepat5oTKa 

TOnnMea TP 

6PA 

tnj, Pa, U! 

!ece1CpOMeTh, PaJ 

>KCP 
!see ICPOM8 Th. Pa, uj !see 1CpOM9 Th, Pa, uj .._ ____ ___. 

PHc. I. YpaH-ruryToHHeBM cTpyKT)'pa UP-23: T.a. - PHc. 2. YpaH-TOpHeBM CTPYK'I)'pa UT-23 
Tjl)l(eJibie aI<THHH.ZU,I 

TP 6PA 

!Th, Pa, U, Pu! 

BbfAep>KKa 
M nepepat5oTKa 
T nnMB 6PA 

!see Kpc>M8 Th, Pal 

~----~ !see Kp0M8 Th, Pa, u. Pu! 

6P3 TP 

faceT.a.! 

l~acn. U I !""'Th-. -Pa-, u-,1 

BbfAep>KKa 
M nepepat5oTKa 

TOMMBaTP 

6PA 

tth. Pa, U, Pu! 

BbfAep>KKa 
.,. nepepat5oTKa 
ronnMea 6PA 

see kl)C)Me Th, Pa, U, Pu 

>KCP 
!see kpc>MB Th, Pa, U, Pu! 

PHc. 3. Ypatt-TOpHesaH CTPYKTYPa UT-33BN PHc. 4. YpaH-TOpHesaH CTPYKTYPa UT-33C 
(RBEC) 
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6P3 6PA 

!4aCTb Ul ITh, Pa, U I 
BblAep>t<Ka ~ 

M nepepa6oTKa +---=~-.i 
TOnnMBa TP BblAep>t<Ka 

M nepepa6oTKa 
TonnMBa 6PA 

ace KpoMa Th, Pa, U, Pu 

>KCP 
!ace KpoMa U, Pu! 

PHC. 5. YpaH-llJJYJ'OHHM-TOpHeBaR CTJ)yicrypa 
UPT-53 

6P3 

TP1 

TP2 

6PA 

ace KpoMa 
Th, Pa --8----Th, Pe 

blAep)KKa 4aCTb U 
ace Ta. 

4aCTb U 

aceT.a. 

M nepepa6oTKa 
TonnMea 6P3 

8b1Aep>t<Ka ace Kp0M9 
M nepepa6oTKa Th Pa 
TonnMBa TP1 

u. Pu --8-b-lA-ep_)K_Ka-- ace Kp0M8 
M nepepa6oTKa u Pu 
rnnnMea TP2 

ace T.a. 

4aCTb Pu 

U Pu 

aceT. 

>KCP 

,--....,8=-b-lA .... ep_lK_Ka---,aceKpoMe 
M nepepa6orKa u, Pu 
TOMMB3 6PA 

P11c. 7. YpaH-IlJJYJ'OHHH-TopuesaR cTpyKl)'Pa UPT 

T a 6 JI n u a 1. ,D;onH peaKTopoa B o6w.eM 
3HeprorrpOH3B0ACTBe 

BKJ18A TP BKJ18A BKJ1aA CTpyKl)'pa 
EP )KCP l 2 

UP-23 0,59 - 0,33 0,08 

UT-23 0,56 - 0,41 0,03 

UT-33RBEC 0,56 - 0,42 0,02 

UT-33BN 0,50 - 0,48 0,03 

UT-33C 0,59 - 0,39 0,02 

UPT-73BN 0,64 - 0,28 0,08 

UPT-73RBEC 0,68 - 0,25 0,07 

UPT-53 0,88 - 0,09 0,03 

UPT-74 0,63 0,18 0, 15 0,04 
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TP 

U, Pu 

6P3 

~ Th, Pa 

J4aCTb U j 

8b1Aep)KK3 
M nepepa6oTKa 
rnnnMea 6P3 

6PA 

BbVlep>t<Ka 
M nepepaoona 
TOnnMBa 6PA 

Bb1Aep>t<Ka 
M nepepa6oTKa 

TonnMea TP 

jece Kp0MB Th, Paj 

>KCP 
Jace i<poMe U, P~ .__ ____ __, Jace KpoMe U, Puj 

Pac. 6. YpaH-TUIYTOIDIM-TopaeaaR CTPYKTypa 
UPT-73BN(RBEC) 

Hb!X CTJ>)'KTYP HaH.6011ee nepcneKTl1J3HOH C 

ynoMHH)'TbTX Bbl We Il03H.1.(H.H OKa3aJiaCb 

3-KoMnoHeHTHM U-Pu-Tb c11cTeMa UPT-53 
(p11c. 5), xapaKTep113y10mruic.s1 MaKCl1MaJibHOH 

,llOJieH TP (~ 88 %) 11 O,llHOBpeMeHHO C 3THM 

MaJibIM paBHOBeCHblM KOJI.H4eCTBOM TIDKCJI.b[X 

aKTHHH,llOB. 

KoumaKm11aJ1. C6Jl3b - AJieKceeecKui, flee ~1;1um-
pueeu'I, me;,.: (499)196-91-35, e-mail: 
levo!ex@yandex.ru 

T a 6 JI II u a 2. PasHoaecHbJe Konwrncrna n1)1{em,1x 
H)'KIDlll OB, T 

TP 
CTpyKTYJ)a 6P )KCP 

1 2 

UP-23 65,8 - 126,0 0,13 

UT-23 25,8 - 30,5 0,03 

UT-33RBEC 25,3 - 29,6 0,03 

UT-33BN 22,2 - 30,8 0,03 

UT-33C 26,7 - 26,0 0,03 

UPT-73BN 76,9 - 116,0 0, 12 

UPT-73RBEC 81,3 - 113,0 0, I 1 

UPT-53 39,4 - 34, 1 0,03 

UPT-74 28,3 18,4 62,0 0,06 
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Y,l(K 621.039.5 
OopaTHOe pemenue ypaBHeHHSI TO'le'IHOH KHHeTHKH 

npH HHTepBaJihH0M 0ilHC3HHH napaMeTp0B ypaBHeHHSI 

A.M. J(ezmape6, 
<I>rY Plll.J: 'Kypt-IaTOBCKHH HHCTHlyr", 123182, MocKsa, nJI . KypllaTosa, l 

Pa3pa60TaHHaJI MeTO,UHKa o6pameHHOro (o6paTHoro) peweHID! ypaaeeHHJJ TO'Ie'IHOH KKHeTHKH 
(OPYK) paccMaTPHBaeT napaMeTPbI ypasttettrui, HCKJTIOl.faJI rpynnoab1e KOHCTaHTbI JanaJLtbrBaJOI.U.HX tteii­
TPOHOB KaK CJI)'l.faHHble seJIH'lHHbl C JanaHHblMH pacnpe.neJieHIDIMH. TaKoe o6o6meHHe B 60JibIIIeH Mepe 
OTseqaeT .neMCTBHTeJibHblM 3HaHIDIM O napaMeTPaX Kl1HeTH'-1.eCKOf0 ypasHeHHll H n03BOJUleT C J{OCTaTO'IHOH 
MeTOAHl.feCKOH CTPOr0CTblO npHBJie'Ib HMeJOIUHeC.ll .naHHbJe no napaMeTPaM, B TOM l.fHCJie H no HX norpew­
HOCTH. BepO.llTHOCTHOe orrncaHHe, Yl.fHTbIBa!Omee CJI)'l.faHttyJO norpewHOCTb, pacnpOCTPaHJleTCJI H Ha pe-
3YJibTaThl H3MepeHHll Hei:tTPOHHOfO nOTOKa. Ha MeTO,UJ.fl.feCKOM rrpHMepe nposenetto cpaBHeHHe pa3pa6oTaH­
HOH MeTOJ{HKH C TPa.nHUHOHHhlMH MOAHq>HKaUHJIMH OPYK. 

Inverse solution of the one-point kinetic equation at interval description of the equation's parame­
ters. A.M. Degtyarev. The developed methodological approach to the inverse solution of the one-point ki­
netic equation considers the equation parameters (excluding delay neutron group constants) as random vari­
ables with given probability distributions. Such generalization is more corresponded to the real knowledge of 
the kinetic equation parameters and allows with sufficient methodological severity to retrieve available data 
on these parameters including their uncertainties. Probabilistic description which takes into account random 
uncertainty is propagated on the neutron flux measurement. Based on the methodical example, we carried out 
comparison of the developed approach with traditional methods for the inverse solution of the one-point ki­
netic equation. 
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1. MeTo.11,uKa OPYK s cJiylfae uuTepsaJibHO onpe.11,eJieHHblX napaMeTpoo ypaseeunst 

YpaBHeHHe T04e4HOH Kr-rnenfKl1 ((1 , 2], no,ll,p06H)'lO 6H6mrnrpacpmo CM. B (3]) MO)l(HO 3anr,i. 

caTb B BH)],e 

I dad(t) = pa(t) + I( cp;, q)/( cp; , _!__ <px) + j d-r L"-,P,a(t - -r)exp(-A, -r) - L P,a(t), (I) 
t u Q I / 

r,ll,e a(t) H nOCTOHHHrul BO BpeMeHH cpyHKI.J,11.sl <px onpe,ll,eJUIJOTCH 4epe3 nJlOTHOCTh tteHTpOHHOro 

noTOKa <l> BblpaJKeHHeM <l> = a(t)<px; cp; - peweu11e conp.si)l(eHHoro ycJIOBHO-KpHTHYecKoro ypa8_ 

Hemu1; OCTaJlbHble o6o3HaYeHHH o6w:eynoTpe6HMbl. 

O6paTHoe pemettne ypaBttettH.si (I) npHMeHHeTCH ,ll,JIH 3Kcnep11MeHTaJibttoro onpe,ll,eJiettmr pe­

aKTHBHOCTH. IlpH JTOM B ypaBHeHHe (I) nO)],CTaBJIRIOTCH T0YeYHble ou.eHKH 3HaYeHHH BXO,ll,Hlll:HX 8 

Hero napaMeTµOB, 3a HCKJ110Yem1eM HCKOMOH peaKTHB~0CTH p , 113MepeHHbIH 3KCnepHMeHTaJlbHbrj;j 

CHrHaJI B(t), pa3pernrui ero OTHOCHTeJibHO p. B TaK0M cJiyqae npH C0OTHOWeHHH B(t) = (<I>, p ) :::: 
a(t)( <px, p) JKcnepH.MeHTaJlbHOro CHrttaJia B(t) 11 a(t), r)],e p - cpyHKL.J,HOHaJl, xapaKTepI13YIOW:HH 

CHCTeM)' )],eTeKT11poBaHJ1_jj, ypaBHeHHe (1) npHHHMaeT B11)], 

dB() -
l - dtt = pB(t) + s + f d-r L"-.P,B(f--r )exp(-\ -r) - LP,B(f), (2) 

Q I I 

r,ll,e S = I( cp;, q)( <px, p)/( cp;, <pxl u ). 

Cyw:ecTByeT MO,ll,HQ)HKau),fj[ o6paTHOro peweHH.sl ypaBHeHHH [ 4] ' B KOTOpOH HeH3BeCTHblM 

noMHMO peaKTHBHOCTH nonaraeTCH H napaMeTp s, CB.Sl3aHHblH C HHTeHCl1BHOCTbJO HCT04HHKa. 8 
JTOH MO,ll,HQ)HKaU.HH ypaBHeHHe (2) pa3pewaeTCH O]UiOBpeMeHHO OTHOCHTeJlbHO p H s. TaKHM o6-

pa30M, npH o6paTHOM peUieHHH KHHeTHqecKoro ypaBHelOrn ero napaMeTµbI paccMaTpHBalOTC.sl C 

,ll,Byx npoTHBOn0JlO)KHbIX n03m_n,rn - JlH6o OHH 3a,ll,aJOTCH B C00TBeTCTBHH C tteK0T0pbIMH TOlfeY:­

HbIMH ou.eHKaMH, 1rn60 TµaKl)'IOTCH KaK HeH3BeCTHble. Me)!{,[()' TeM HMelOw:HeCH )],0 npoBeJ].eHHJI 

3KCnepHMeHTa (anp11opttb1e) AaHHble no K03Q)Q)HUHeHTaM ypaBHeHHH, He HCKJII04a_jj 11 caMOH pe-

3KTHBHOCTH P, 3aHHMaJOT npoMe)K)'TOYHOe nOJlO)l(eHHe no OTHOWeHHIO K YKa3aHHblM TOYK3M 3pe­

HIDI. CornaCHO JTHM JJ,aHHbTM napaMeTpbl KJ,1HeT11qecKoro ypaBHeHHH xapaKTepH3YIOTCH HHTep­

BaJibHbIMH oueHKaMH, paccMaTpHBaHCb no cymeCTBY B BH,ll,e CnyYaHHblX BeJIH411H C HeKOTOpblMl1 

pacnpe,ll,eJieHHHMH [lJIOTHOCTH BepOHTHOCTH. 

O6paTHMCH K OPYK B paMKax TaKoro om1caHHH ero napaMeTµOB. CH.man B(t) auanorH4HbIM 

o6pa30M paCCMOTµHM KaK cnyqaHH)'lO Q))'HKU.HIO, ClfHTaH, 'ITO OH npe,ll,CTaBJIHeT co6oH c y MMY 

T04HOfO CHrttana 11 cnyqaiittoro wyMa. Cpa3y YKa)f(eM Ha orpaHH4eHHH B np11MeHeHHl1 YKa3aHH0-

ro nO)],XO)],a. 8 qacTH napaMeTµ0B KJ,fHeTH4eCKOfO ypaBHeHH.sl OH He pacnpocTpattHeTC.sl Ha rpyn­

nOBble KOHCTaHTbl 3ana3)],blBaJOW:HX HeHTµOHOB - 0TH0CHTeJTbHbie BbIXO)],bl 11 nocTOHHHble pacna­

JJ.3 rpynn 3an~,ll,b1Ba10m11x HeihpOHOB. y COBepweHCTBOBaHHe MeTO)],HKJ,f, Heo6xo,ll,HMOe )],JIH n pe-

0)],0JTeHH.sl ,ll,aHHoro orpaHK4eHHH, M0)l(eT 6b(Tb npe,ll,npHH_jjTO, 0,1],HaKO )],Jlll npaKTH4eCKO~O yqeTa 

Heonpe,1],eJieHHOCTH rpyrrnOBblX KOHCTaHT ,ll,OnOJIHHTeJibHO noTpe6yeTC.sl 3HaHHe CO0TBeTCTBy IO­

W:HX K0Bap11aQHOHHbIX MaTpHU, nO,ll,06HhlX np11Be,ll,eHHOH B [5]. 06 orpaHH4eHH.s!X, KaCaJOll{HXCll 

CHrHaJia B(t), 6y,ll,eT CKa3aHO HH)l(e. 

YYHTblBaH, 4TO B CHCTeMe MO)l(eT 6b1Tb HeCKOJlbKO )],eJIHill.HXC.sl HYKJIH,ll,OB, 3an11weM npe)lnO­

CJleJ].HHH <uieH B ypaBHeHHH (2) C HCnOJib30BaHHeM ,ll,ByxHH,ll,eKCHhlX o603Ha4eHHH (i - ttyKJIH)l, j­

rpynna 3ana3.LJ.bIBaJOI11.HX HeHTpOHOB), T.e. 

-f d-r LP,eu"-uB(t - -r)exp(- 1i.y) , (3) 
0 lj 
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r.ne p, - 3q>q>eKTHBHrui .nom1 3anaJJJ.b1Ba1om11x ttewi-pottos s o6meM 6anattce HeH.TpoHos .neneHllil, 

np11XOJJ.S1ll(aSICSI Ha H)'KJTHJJ. i; Eu - OTHOCHTeJlbHblH BblXOJJ. rpynnbl 3ana3.ll,bl83IOl.l.(HX HeHTpOHOB j 

H)'KJlHJ.J.a i, ~>u = l. C r1eTOM (3), nepew.nsi s ypasttemrn (2) K nepeMeHHow mnerp11posam1.si ( = 
J 

:::: /-TH sse.n.si o6o3Ha9eHl-!e D ,(T) = LE,1A.!lexp(- A.!IT), nonyq11M 

) 

dB(t) I 

/--= pB(t) + s + f dt' L p,D,(t - ()B(()d(-L P,B(t). 
dt -oo I I 

(4) 

TTycTb BBe.nem-1e B peaKTop BO3MYll(afOll(ero 803)],eHCTSHSI 3asepwaeTCSI K MOMeHTY speMeffl.-1 

Ix- C 3Toro MOMeHTa see napaMeTpbl ypasHeHHSI ( 4) 06pama10TCSI B KOHCTaHTbl, B TOM qHcJle H pe­

aKTHBHOCTb p. ,ll;onOJlHHTeJlbHO noTpe6yeM nOCTOSIHCTBa HCTO'-IHHKa q 4T06bl o6ecne'-IMTb noCTO­

.s!HCTBO s, a TalOKe BhinOJlHeHHSI ycJlOSllil p,(I < 1.t) = p,(1 2'.: Ix)- KaK H npH Tp3JJ.HllHOHHhlX nonxo.nax, 

npHMeM no.nne)Kall(eH onpe.nenemno nocTOSIHffYIO senH'-IHH)' p npH t 2'.: tr. 
Bhr.Uemm s o6naCTH '2'.: lx KOHe1IttylO CHCTeMy o-rpe3KOS [tk, / k-t-1], k = 1 ... K H rrpOHHTerpHpo­

sas no HHM ypasHeHHe ( 4), npeo6paJyeM ero K SH.UY 
k 

l(B(tH )-B(tk)) = pbk+ s6tk+ L~,q,k + L~, Lf;/) bk, - L~, bk; k= l. .. K, (5) 
k'=I 

' 4 • 1 11♦1 ~ b;,1 f dt f dt
1

D
1 
(t-t')B(t'), k' ~ k ; l 

l4,1 mm(/ ,ti•+1) 

r.nebk= f B(t)dt; q,k= f dt f dt'D,(t - ()B(() ; f !;) = ,4 ,, . 

1• ,, - 0, k' > k. 

3KcnepHMeHTaJlbHbJe .uaHHble no noTOKaM SXOJJ,SIT s ypastteHHe (5), HCKJllOqrui ero JJeSYfO 
I 

LJ3CTb, B BHJJ,e HHTerpanos no speMeHHblM OTpe3KaM. lfro6bI Bblpa3HTb B(tk~t) - B(tk) 4epe3 seKTop 

b = (bk) ;=I• BOCflOJlh3yeMCSI KYC04HOH anrrpOKCHMaI..01eH B(t) KBa.npaTH4HblM nOJlHHOMOM. ,ll;Iisi 

3TOro 3aMeTHM, 4TO KBa,npaTH1IHblH nOJIHMOM, npOXOJJ.Slll(HH 4epe3 TJ)H coce.nHHX OTpe3Ka, O.UH0 -

3Ha4HO onpe.nensieTcSI 3Hat.JeHHSIMH Ha HHX bk, no3TOMY, HCITOJJh3YSI 3TH 3Hat.JeHHSI bk, MO)KHO o n­

pe,uenHTh B(tk- t) - B(tk) JJ.J1S1 ueHTpanhttoro oTpe3Ka. 

8 CJ1Y4ae rpaHH4HhIX o-rpe3KOB JJ.JlSI nOCTpOeHHSI nOJlHHOMOS npHMeHSl'lOTCSI paccMaTpJiBae­

MblH oi-pe30K H .nsa 6J1H)KaHWHX K HeMy SttyTpeHHIDC. B pe3yJlhTaTe npHXOJJ,HM K Sblpa)KeHHIO 

6b = Hb, (6) 

r,ue 6b = [B(t2) - B(t1) • • • B(tk 1) - B(tk)- . . B(tK-t) - B(LK)]\ H - onpe,neJIS1eMrui ceTKOH speMeHHbIX 

HHTepsanos MaTpmi:a, KOTOpasi OTnH4aeTCSI OT Tpex,111-1aroHaJibHOH MaTpHUbl HaJIH4HeM .nsyx He­

ttyJleBblX 3JleMeHTOB h, ,3 H hK. K-2· I1cnOJlb3YSI (6) H SBe,USI o6o3Ha4eIDUI 6t = (t2 - t, .. . tk I - '*·-­
·· ·' K+ t - lKr q(')= (q;,J, .. q1,2 ... q,,K f , 3amtWeM CHCTeMy ypasHeHHH (5) S MaTpHlJHOM SH.ll,e 

!Hb = pb + s6t + L p,q<'> + LP,F<'>b - L p,b. (7) 

B JJ,aJibHeHWeM pacc~10i-peHHH BOCITOJib3YeMCSI cne.nYfQll(HMH nOJlO)KeHID!MH: I) o603H3Y:HB 

T04Hhie 3HaqeHHSI napaMeTpos KHHeTHt.JecKoro ypasttettH.si seKTopoM u = (/ p s p1 p2 .. . P,S, 6y,neM 

C4HT8Tb, lffQ anpHOpHru! ouettKa Ua BeKTopa u npe.ncTaSJISleT co6oii 0.llHOKpaTttylO peaJJH3aUHIO 

cny4aHHOro BeKTopa pacnpe.neneHHOro no HOpMaJJbHOMY 3aKOtty C H3BeCTHOH KOBapHaUHOHHOH 

MaTpHuei:f Ka, MaTeMan:rl.f.eCKOe Q)KH!l,aHHe KOToporo pasHO T04HOMY 3Hat.J:eHHJO u: 
Ua ~ N( u, Ka); (8) 

2) 06ycJ10BJ1eHHOe CJiy4aHHblMH wyMaMH OTKJIOHeHJie ob 3KCnepHMeHTaJibHOro seKTopa b OT ero 

TO'-IHOro 8 OTCYTCTSHe wyMa 3Ha4e HH.SI nOJJ,4HHSleTCSI 3aKOtty 

ob ~ N(O, Kb), (9) 
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r.LJ.e O - ttynesoii seKTop pa3MepttoCTH K, Kb - .LJ.HaroHanbttaR MaTPttUa K0Bap11auHH c (Kb)kk = b*· 
0rMeTHM, 4T0 np11 6011ee CTp0roM no,LJ.xone BMeCTO H0pManbH0fO pacnpe,LJ.eJleHHR B (9) CJle,LJ.osa­

JI0 6bl HCn0Jib30BaTb pacnpe,LJ.eJleHtte IlyaccoHa 11, onpe,LJ.eJHrn 3JleMeHTbl MaTp11Ubl Kb, 1-JCX0.LJ.HTb 
113 T04H0f0 (11 HBJIHIOIJ.lefOCH Hel13BeCTHb1M) 3Ha4eHl1H BeKT0pa b. O,LJ.HaKO B o6br4HO BCTpel.falO­
IJ.lHX.CH Ha npaKTHKe CHTYaU11HX np11HHTble ynp0IJ.leHHH 11rpa10T He3Ha4HTeJlbHYIO p011b. 

3an11weM (7) KaK 
Au= 0, (10) 

r,LJ.e 311eMeHThl MaTp11Ubl A o6pa3oBaHbl Bblpcl)l(eHHHMH H K03cpcp11u11eHTaMH npH /, p, s, p,, p2 .•• p,, 
s ypaBHeHHH (7) 11 C0,LJ.ep)KaT norpewH0CTb, o6ycnOBJleHHYIO cnyl.faHHblM xapaKTepoM BeKT0pa b. 
Ilpu T0'-lH0M 3Hal.feHHH seKTopa b MaTpKua A TaK)Ke npHHHMaeT T04Hoe 3Ha4ett11e A r, H Tor.n.a 

BeKTop u o6palJ.laeT (10) s T0)K,ll.eCTB0: 

Aru = 0. (11) 

3aMen™, 4T0 B ypaBHeHHH (7) H B cpopMe era 3anttc11 ( 10) cyMMa _L p,q<'> + _LP,F<1>b npe.n.-

CTaBllileT no.rrnyio rettepau11io tteihpoHoB no ceTKe speMeHHblX 0Tpe3K0B [th h+1] OT 06pa3osa0-
w11xcR paHee HCT04HHK0B 3ana3,LJ.bJBalOIJ.ll-JX HeHTpOH0B. IlocKOJlbKY 3Ta cyMMa Bbl4HCJ1HeTCH no 
noBe,LJ.eHHIO B(t) 11a yqaCTKe (-oo, I] 11 BKJllOYaeT B ce6H 60JlbWOH o6beM C4eTa, ee M0>KH0 nona­
raTb CB060.LJ.HOH OT CJly<JaHH0H norpernH0CTH CHrnana B(t) 11, TaKl1M o6pa30M, c11yqai:f 1-1y10 no-

rpelIIH0CTb BeKTopa b .uocTaT04H0 Y4HTbIB8Tb B 4JleHax 1Hb, pb H _L P,b. Orc10.ua c yl.feTOM ( 11) 

HMeeM 

Au= (AT+ &A)u = AT u + 8Au = E (t, p, L~, )ob, ( 12) 

r,LJ.e E (!, p, _L~,) = (-IH + pl - L P,I) , I - e,uHHH'llaH MaTp11ua pa3Mepttocrn K. ,[(.nH KpaTKocrn 

o603Ha'laH BeKTopoM u apryMeHTbl MaTP11Ubl·<pYHKUHH E, HaX0.ll.HM H3 ( I 2) Bblpcl)l(eHHe .ll.JlH 8b 
8b = E- 1(u)Au. (13) 

B npaKTH4ecKHX CHTYaUHHX, K0r.LJ.a L p, >> p::::: 0 111111 p < 0, .u11arottanbttb1e 3Jie 1eHTbI MaT-

pHUhl·<pYHKUHH E, paBHbie -lhkk + p - L p,, cylJ.leCTBeHH0 npesocxo.UHT no M0.llymo He)l11aro­

Ham.1-11,1e l{JleHbl, C0,LJ.ep>KalJ.lHe C0MH0)KHTeJieM I, H E(u) o6paTHMa. vh Bblpcl)l(eHHR ( 13), Y411Tbl­

BaH (9), 00JlY'IBM 
E- 1(u)Au ~N(O, Kb). (14) 

J,fTaK, HMe!Oll!aHCH HH<pOpMaUHR no BeKTopy u 3aKJll04aeTCH B pacnpe,lleJleHHH (8), onHCbl­
BalOIJ.leM anpuopHble ,uaHHble, 11 pacnpe,ueneHHH ( 14), Bblpcl)l(alOIJ.leM pe3y11bTaTbl 3KCnepHMeHTa. 
,[(.nH oueHK.H BeKT0pa U no 3THM ,uaHHblM B0Cfl0Jlb3yeMCH MeT0.ll.0M MaKCHManbH0f0 npas.uono.uo-
6HH [6, 7]. CocTaBHM cpyHKUHIO npaB,LJ.Ono.uo6HH, K0T0paH B HallleM cny'lae npHHHMaeT 811.ll. 

L(u) = L~a = Cexp[-{0,5E- I(u)AufK~1 (E I(u)Au)]exp[-0,5(u - u3f K:1 (u- u3)], (15) 

c H0pM11po004H0H KOHCTaHTOH C, He 11rpa10IJ.leH pon11 B nocne,uyiomeM HJJ10)Kett1-111. CornacHO 
MeT0.LJ.Y MaKCHManbH0f0 npasnono.uo6HH B Ka4eCTBe oueHKH peK0MeH)lyeTCH np11HHTb 3Ha4eHHe 
u, 06ecne'111Ba10mee MaKCHMYM cpyHKU11H L(u) (15), 4T0 np11B0,UHT K 3a,ua4e 

m_in [(E-I(u)Auf K~1 E- I(u)Au + (u - uaf K :1 (u - u3)]. (I 6) 

3Ty ou,eHKY u, YT0l{HHIOlllYIO anpH0PHYIO oueHKY no pe3yJlbTaTaM 3KCnepHMeHTa, Ha30BeM 
anocTep1,t0pHOH. Ec1111 anpH0pHaH HH<pOpMaUHH HMeeTCll He 0 scex 3JleMeHTax BeKTopa u, B Bbl· 

pcl)l(ett1111 (u - uaf K~' (u - u3 ) seKTOpbl u, U3 H MaTpHua K:' npHHHMalOT yceYeHHblH BH./l. He co-
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cTaBmleT TPY.llHOCTeH nepeHTH B 3T0M Bblprut<eHHH K TOMY >Ke BeKTopy u, 'ITO H B OCTasmeHCH 

4acn1 ( 16). ,L{ocTaTOl.fHO 3a,llaTb np0H3B0JlbHMMH Y:HCJJaMH 0TCYTCTBy10m11e KoopmrnaTbl BeKTopa 

Ua H npHBeCTH B C00TBeTCTBHe C Ua pacnono>KeHHe 3JJeMeHTOB K:1' 3anoJJHHB ttyJIHMH o6pa30-

saBWHeCH nycTb(e CTPOKM H CTOJI6Qbl. 

DpHCYTCTBHe 4JJeHa E-1(u) B 3a.n;aY:e (16) He TT03BOJIHeT pernHTb ee MeTO,D;aMH JIHHeHHOH an­

re6pbl, Bbltty)l(JlaH o6paTHTbCSI K lUfCJieHHbJM MeTOJJ,aM HTepal.{HOHHoro nma. IlpH 3TOM Ha Ka>K­

.L(OM mare npHMem:ITeJibHO K TeKyUJ.eMy 3Ha4eHHIO BeKTopa U npHXOJJ.HTCSI nepeonpeJJ.eJISITb KBa,n:­

paTttyIO MaTPHizy E(u) (CM. (12)) H o6pamaTb ee. ,LvI.s1 COKpameHHSI CBJ13aHHblX C 3THM BbNHCJIH­

TeJlbHblX 3aTpaT MO>KeT OKa3aTbCSI l.{enecoo6pa3HblM CBe)J,eHHe 3a,llal.fH ( 16) K nocJie)J.OBaTeJlbHOCTH 

TIO)J.3a)J,al.f C np116.JTIDKeHHblM npeJJ.CTaBJieHHeM E-1(u), l.fT06b1 H36e>KaTb onepmHH o6pameHHSI 

MaTpHl.lbl Ha Ka)l(JlOH HTepal.{HH. Ilpw6mraceHHOe npe)J.CTaBJJeHHe E-1(u) IlOJiyq_HM, rrpHMeHHB pa3-

JIO>KeID!e MaTpHI..(bl M-1 =(Mo+ 0Mr1 
npH MaJiblX OM [8]: 

(Mo+ 0Mr1 = [1-M~10M + (M~10M)2-(M~10M)3 + ... ] M~1
, (17) 

r)J.e I - e.rntHHl.fHaH MaTpHl.{a TOH >Ke pa3MepHOCTH, 11ro H MaTpHl.{a M. PerneHHe Ka)l(JlOH no,n.3aJJ.a­

tfH HatJHHaeTcSI c o6pameHJ.UI MaTpHQbI E-1(u0) , rJJ.e u0 - pernem1e npeJJ.bIJJ.ymei:i no,lJ.3aJJ.a'lli . 3aTeM 

MHHHMH3HpyeTCH cpyHKl.{HOHaJI 3a)J.al.JH (16) C npe)J.CTaBJJeHHeM MaTpHQbl-cpyHKI.(HH E-1(u) B BH)J.e 

pa3JIO>KeHHJI (17), rJJ.e Mo= E-1(u0) H, Yt.fHThIBaH 3aBHCHMOCTb E(u) (12), oM = oE(u) = -{l - l0)H+ 

+ (p - Po)I - L (P, - P,o)I . 

Pewemte u 3a)J,a11lt ( 16) YTOl.JH.SleT anpHOpttyIO oueHKY Ua napaMeTpOB KHHeTHl.feCKOfO ypas­

HeHHH, npw-1eM YTOtJHeHHe KacaeTCH He TOJlbKO peaKTHBHOCTH H CBSI3aHHOro C HCTOlJHHKOM napa­

MeTpa s, HO H .n:pyrHX KOMTTOHeHT BeKTopa U - speMeHH )KH3HJ,f / MfHOBeHHbrx HeHTpOHOB J,f nap­

UHaJihHhrx JJ.OJieH p, 3aTTa3,lJ.bIBaIOIUHX HeihpOHOB. 

Ilepei1JJ.eM K norpewHOCTH anocTepHopHOH oueHKH u. IlocKOJihKY perneHHe 3a.ua1.m ( 16) .L{OC­

TaTOY HO CJIO)KHO 3aBHCHT OT HCXOJJ.Hbrx napaMeTpOB B BHJJ.e h (npHCYTCTBYJOmero B MaTpHue A) H 

Ua, TO )J,JIH Ol.{eHKH ero norpeUlHOCTH npe)J.JlaraeTCH CJle.L{yIOIUH:H npH6JIH>KeHHblH IlO,LJ;XO)J,. B Ka'-le­

CTBe HaBO,LJ;HIUero coo6pa>KeHHSI 3aMeTHM, l.fTO npH H3BeCTHblX TOlJHblX 3HatJeHH.HX BeKTopa u H 

BeKTOpa Cl.feTa h MO)KHO 6bIJIO 61,1 nocTpOHTb pac11eTttylO MO)J,eJib, YYITTblBaIOIIzyIO B03MO)KHOe 

pacceHHJ.fe 3Kcnep11MeHTaJibHOro 3Hat.teHHJI h 11 anpHOpHoro BeKTopa Ua B OKpeCTHOCTH TOl.fHblX 

3Hat.teHHH, H C ee HCTTOJlb30BaHHeM Ol.{eHHTb OTKJIOHeHHe perneHH.!l 3a)J.al.fH: (16) OT TO'-IHOfO BeKTO­

pa u. Ecnu npH 3TOM BMeCTO TO'-IHblX BOCilOJlb30BaTbC.H JJ.OCTaTOlJHO xopOlllKMH Ol.{eHKaMH BeKTO­

pa u H BeKTopa C'-leTa h, TO MO)KHO O)KHJJ.aTh, lJTO nony'-leHHaH Ol.{eHKa OTKJIOHeHHSI u 6y.LJ;eT 6JIH3-

KOH K )leHCTBI.ffeJibHOH. ,ll;eHCTBYH YKa3aHHblM o6pa30M, npHMeM B KalieCTBe TaKOH Ol.{eHKH ,lJ.JlJI u 
caMo peweHHe 3a.ua1rn ( 16), o6o3HaliHB ero u0. Ol.{eHKY TOliHOro 3HatJeHHSI seKTopa cqe-ra, seeJJ..H 

,l(JlH Hero o603HalieHHe ho, TTOJ1)'1IBM H3 ycJIOBH.H ( 11 ): 
ATuo= A(ho)uo = 0, (18) 

r.ne HBHO o6o3Hal.feHa 3aBHCHMOCTb MaTpH:l.{bI-cpyHKl.{HH A OT BeKTopa ClJeTa. 3anucaB ypaBHeHHe 

(18) B cpop.Me ypaBHeHHH (7), HeTpyJlHO BHJleTb, 'ITO npH 3a,llaHHOM seKTope Uo 3TO ypaBHeHHe 

npe.uCTaBJIHeT He0,llHOpOJlttyIO CHCTeMY JIHHeHHblX anre6paHlieCKHX ypaeHeHHH 0THOCHTeJibHO 

seKTopa h0. Pewa11 ee, Hax0JJ.HM h0. 

McnOJJb3YH Uo H ho B Ka4eCTBe T04Hbl X 3Hat.teHHH COOTBeTCTBYIOLUHX BeKTopoB, HCCJie)J.yeM 

pacceHHHe peweHHSI 3a)J.atfH ( 16) 0THOCHTeJibHO Uo, CB.!13aHHOe C norpernHOCTSI.MH Ua H h, T.e. B 

YCJIOBHSIX (8) H (9). YMHO)KHB MHHHMH3HpyeMblH q>yHKUHOHaJI (I 6) Ha l /2, 3amn11eM ero B BH,lle 

f = F + 0,5(u - uaf K:1 (u - Ua), ( 19) 

rJJ.e 

(20) 

- cpyHKl.{HOHaJI OT U H h. 
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C4HTaJI, 41'0 BeKTop u, Ha K0T0p0M ,[J.0CTHraeTCSI MHHHMYM cpyHKUHOHaJJaj, 6.rrn30K K Uo, B0c­

n0Jib3yeMCSI B Bblpa.)f(emrn ( 19) .LUISI cpyHKUHOHaJJa F (20) ero pa3JJ0)KeH HeM B 0KpeCTH0CTH Uo 

/=Fl uo + (u-uof grad Fl uo +0,5(u - uofG(u-uo)+0,5(u-uafK:' (u - ua), (21) 
u 

r.n.e G - MaTpHI.~a BTOpblX rrp0H3B0,[J.HblX F B T04.Ke U = Uo C JJieMeHTaMH gy='cJ2F/au,auj I uo. Or-

MeTHM, 4T0 FI uo 'grad FI Uo H G B (21) SIBJISIIOTCSI. cpyHKl..lIDIMH OT b. Jumble Bblpa.)f(eHHSI. D.JlJl 
u 

grad FI uo H MaTpHI.\bI G noJIY4aIOTCS1, HCX0.U.H H3 (20). TaK, .LUISI Koop,[J.HHaT rpa.n.HeHTa HMeeM 
u 

(grad FI uo ), = [AT(E-1(u)fK~'E-1(u)Au]i + uTAT(E-1(u)fK~'E-1(u)(-aE(u)/au, )E-1(u)Au. (22) 
u 

ITpH s1,1so.n.e Bbipa.)f(eHIDI (22) npaMeHJrnacb cpopMYJJa .IJ.HcpcpepeHl{HposaHH11 o6paTttoro one­

paropa, 4aCTHbIM CJI)"iaeM K0T0poro SIBJISleTCSI MaTJmua-cpyHKUHSI E-1(u) [9]: dS-'(x)/dx= 

= S 1(x)(-dS(x)/dx )S1(x). A.HaJJOfH4Hbie Bblpa.)f(eHHSI .LUISI MaTpHUbl G He npHBO,ASITCSI B CBSl3H c 

HX rpOM03,[J.K0CTbfO, ITpHpaBHSIB rpa.n.HeHT ITO u cpyHKUHOHaJJa (21) K ttyJieB0MY BeKTopy, Hax0,[J.HM 

BeKTop u, MHIDIMH3HpYfOII.{HH / , 

u = (G + K:1 f 1
(Guo + K:1 

Ua-grad FI uo ). (23) 
u 

ECJIH anpH0pHaJI 0QeHKa seKTopa U cosna.n.aeT C T04HOH H CTaTHCTWieCKaJI norpeurH0CTb CHr­

HaJJa 0TCYTCTBYeT, T.e. Ua = Uo H b = ho, cpopM)'Jia (23), KaK JJerK0 BH,lJ.eTb, .n.aeT Uo. ,ll;OCTaT04HO 

JaMeTHTb, 4T0 s JT0M CJI)'l.fae Bblpa.)f(eHJ1e .LUISI grad FI uo (22) s CHJIY ( 18) 06pamaeTcS1 B O H 
u 

K:' Ua M0)l(H0 3aMeHHTb Ha K:' Uo, 3a.n.aqa Ha MHHHMH3aUHIO / (21) H ee peweHHe (23) npe,[J.CTaB­

JIJIIOT co6ou npH6JIH)l(eHHbie aHaJI0fH 3a,[J.a"IH ( 16) H ee 4HCJieHH0f0 peweHHSI. 

M:ccne.eyeM nose.n.eHHe perneHHSI u (23) B ycJI0BH11X CJIY4aHHblX OTKJIOHeHHH b H Ua OT T04-
HbIX 3HatJeHHH, npe.n.nonarasr, 4T0 3TH 0TKJI0HeHHSI ,[J.0CTaT04H0 MaJlhJ, lff06bJ B0CIT0Jib30BaTbC.R 

JIHHeHHblM 0ITHCaHHeM noBe,AeHIDl u. M:cxo.n.SI H3 (23), Hax0,lJ.1-IM t.taCTHbJe np0H380,[J.Hble u no b Ii 

Ua B T0"!Ke b = ho (HanoMHHM, 4T0 G H grad FI uo JaBHCSIT OT b), T.e. 
u 

du,fdu. I •• - [(G + K;' r' K;' l, ; du./db, I '• - [ (G + K;' r' (-dG/db, )(G + K;; r' (Gu, + 

+ K:1 
Da) + (G + K:1 r' ( aG Uo-~ grad FI uoJ] , (24) 

obk abk • ._ 
I 

r.n.e 3Hat.teHIDI npaBblX 4aCTeH 6epYTCSI B T04Ke b = ho H BO BT0p0M Bblpa.)f(eHHH yqTeH0, 4T0 

dG a 
grad FI u b = 0. ,lJ;JISI -- H - grad FI u s (24) no11r1ettb1 S1BHb1e Bbipa.)f(eHHSI, K0Top1,1e He 

u O' 0 dbk dbk " 0 

npHB0,ASITCSI. M:cnOJib3YSI npe,ACTasnemur (24), HMeeM 

Ou= u - uo= VaOUa + Vbob, (25) 
r.n.e Olla= Ua - Uo, Ob= b - ho, Va H Vb- MaTJ)HQbl, C0CTaBJieHHbie H3 t.taCTHblX np0H3B0,[J.HblX seK­

T0pa u. lli Bblpa.)f(eHJ.UI (25) cne.n.yeT, llT0 MaTeMaTH4eCK0e Q)KH,[J.aHHe BeKTopa u paBH0 Uo H, Ta­

KHM o6pa30M, K0BapHauH0HHyfO MaTJ)mzy Ku BeKTopa u MO)KH0 3aITHCaTb B CJie.LzyIO[UeM o6meM 

BH,Ae: Ku= Mou(ouf = M{VaOUa + Vbob){VaOUa + Vbobf, r.n.e CHMB0JI0M M o6o3Ha4eH onepaTop 

MaTeMaTHt.teCK0ro 0)KH,[J.aHH11. Oocne.n.ttee Bblpa.)f(eHHe HeSIBHblM o6pa30M ycTaHasmmaeT CBSl3b 

MaTJ)HQbl Ku C MaTpHUaMH K:' H Kb, 51sttoe Bblpa.)f(eHHe ,[J.JISI Ku H ero BblB0,[J. onymeHbl H3-3a HX 

rp0M03,[J.K0CTH. 
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IlpOHIIJIIOCTJ)HpyeM npHMeHeHI-Ul MeTO,L{HKH, cpaBHHB ee npH 3TOM C TPa.z:{HUHOHHbfMH sep­

CIUIMH OPYK, Ha npHMepe npocToro nepexo.nHoro rrpouecca, HHHUHHpyeMoro sse,n:emreM OTPH­

uaTeJibHOH peaKTHBHOCTH. B ocHosy npHMepa nono:>KeH c6poc HeKOToporo 1.mcna cTep:>KHeH CY3 

B npOMblUIJieHHOM ypatt-rpaq>HTOBOM peaKTope (IIYrP) [IO], pa60TalOW:eM Ha eyneBOM ypostte 

MOW:HOCTH. Ey,LJ.eM C4HTaTb, 1.f.TO peaKTHBHOCTb BBO):{HTCSI B Tet.J.eHHe 3 CC noCTOSIHHOH CKOpOCTI,IO, 

s pe3yJibTaTe t.J.ero rny6HHa no.nKpHTH1.f.HOCTH peaKTopa yBeJIH1.f.HBaeTCSI c 0,0005 ,L{O 0,015 . .[vrn 

speMeHH :>KH3HH MfHOBeHHOro HeHTPOHa npHMeM 3Hat.teHHe 1,1 · 10-3 
c , a ):{JIJI napaMeTPa s, xapaK­

-repH3yJOll.lero HCTOt.fHHKH HeHTpOHOB H CHCTeM)' ,L{eTeKTHp0B8HIDI, 3Hat.teHHe 24 lie. OrpaHH"tfHBaH 

paCCMO-rpeHHe ttyKJIH.L{OB, yt.taCTBYIOlllHX B )leJieHHH, m U, 238U H 
239

Pu, nOJIO:>KHM ~~, i = 5, 8, 9 
paBHblMH 5,23 ·10-3

' l,36·10-3 
H 2,20·10-4' COOTBeTCTBeHHo (3.necb H ,n:anee B aHaJIOflfl.f.HbIX CHzya-

UHJIX ):{JIJI KpaTKOCTH HH,AeKCbl 5 H 8 o603Hat.talOT H30TOITbl mu H 
238U, a HH,lleKC 9 - 239

Pu). . 

0TMeTHM, t.fTO /, CTJ)OfO r0BOpSI, MeHJieTCSI B npouecce norpY:>KeHHJI crep:>KHeH . .[viJI MeTO)lH­

qecKoro npKMepa 3TO o6cTOSITeJibCTBO o,n:HaKo He npe.ncTaBJIJieT 3Hat.teHHJI, nocKOJibKY npH OPYK 

paccMaTp HBaeTCjl BpeMeHHaJI o6naCTb, KOr,n:a CTep:>KHH CY3 npHUIJIH Ha HIDKHHH KOHUeBHK c no­

CTOSIHHblM / , npe,n:weCTBYIOll(HH :>Ke speMeHH0H npoMe:>KyTOK npe,n:CTaBJieH (CM. ypaBHettHe (5)) 

cYMMOH L~1q,k, T.e. 3HaHHe / Ha HeM He Tpe6yeTC$1 . IlpH OTCYTCTBHH cTaTHCTMt.tecKOH norpew-

1 

HOCTH 8 CHrHaJie Ct.feTa B(t) ero 38BHCKMOCTb OT speMeHH B 3a.L{aHHbTX ycJIOBIDlX HMeeT BH):{, npe,n:­

CTaBJieHHblH Ha pHcymce. 

EcnH eme npH 3TOM anpHOpHbte oueHKH la, Pa, Sa,~;:, i = 5, 8, 9 paBHbl napaMe-rpaM peaKTo-

pa, TO OPYK cornacHO MeTO.L{HKe, H3JIO:>KeHHOH B n . 1, C T01.f.HOCTblO .L{O ourn6KH, CBSl3aHHOH C 

npH6JIH:>KeHHl>IM xap aKTepoM ypaBHeHHSI (6), .nano 61,1 
14 000 B(f) , HMn/c 

TOt.fHOe 3Hat.teHHe peaKTHBHOCTH. TaKOH :>Ke pe3yJibTaT no- I 
Jiyt.tHTCSI H npH HCilOJlb30BaHHH Tpa.L{HI.J,HOHHblX MO.L{Hq>H- 12 000 

K8UHH OPYK. 

B COOTBeTCTBHH C npHHJITblMH .nonyw:eHHJIMH IT0JI0-

)KHM, t.fT0 ,n:eHCTBHTeJibHblH CHfHaJI B(t), noJiyt.teHHbIB B 

3KCnepHMeHTe, 3arpjl3HeH CJiyt.t8HHblM llIYMOM, ITO,L{t.fH­

ffjlfOlllHMCSI 38KOHY IlyaccoHa, a HMelOW:HeCJI anp1i0pHble 

oueHKH Ua napaMe-rp0B KHHeTHt•leCKOro ypaBHeHffjl JIBJISI­

IOTCSI 0,L{HOKpaTHOH Bb16opKOH CJIY1.f.aHHoro BeKTopa u , 

HMelOmero H0pMaJibH0e pacnpe.neneHHe B 0KpeCTH0CTH 

T0t.fH0ro 3Hat.teHJ,fjl UT C KOBapHaUHOHHOH MaTpHUeH Ka. 
PacCMOTJ)HM, KaKHM o6pa30M pe3yJibTaTbI, nonyt.teHHble B 

TaKOH CHTY8UHH no H3JIO:>KeHHOH B n. 1 MeTO)lHKe, 6y,LJ.YT 

COOTHOCHTbCJI C T01.f.HblMH 3Hat.JeHHSIMH KHHeTHt.JeCKHX na-

10 000 

8 000 

6 000 

4 000 

2 000 

0 

- 2 000 

- 10 

t, C 

90 190 

paMe-rp0B. .n~rnaMHKa H3MeHeIDUI cqe-ra B(t) B MO-

CHat.tana C0CTaBHM M0)leJib, HMHTHPYIOU(YIO ycJIOBHSI neJlbH0M nepeX0JlH0M npouecce; yron-

3KcnepHMeHTa, T.e. orrpe.nemtMCJI C CHfHaJI0M B(t), K0T0- meHHM CnJI0lIIHa)l JIHHH)l H TO'IKH -

pblH C yt.teT0M 3arpJ13HeHHSI M0:>KeT 6bITb IT0Jiyt.teH B pe- C'leT 6e3 CTaTRCTWl:eCKOH norpeWHOCTH 
H npH ee HaJIH'IHH, COOTBeTCTBeHH0; 

3YJibTaTe 3 KcnepHMeHTa, H BeKTOp0M anpHopHOH oueHKH 
T0HKM CilJIOWHM JIHHH)l - YMH0)KeH-

KHHeTHt.feCKKX napaMeTPOB. Hoe Ha IO OTKJI0HeHHe crn8)KHBaJOll.leH 

Ey,n:eM Ct.J.HTaTb, t.fTO npH H3Mepemm H3MeHeHHH HeH- KpHBOH OT C'leTa 6e3 CTaTHCTH'ICCKOH 

TpOHHoro IT0T0Ka llIHpHHa OKHa CLJeTa, T.e . )lJIHTeJlbH0CTb norpeWH0CTH; t - BpeMH OT Ha4ana ne-
/ 

BpeMeHHbTX 0Tpe3KOB, npHMeHSIIOll.J.HXCSI ,L{JISI pernc-rpHpO- peX0JlH0ro npouecca 
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samu1 IiMrryJibCOB, COCTaBmleT 0 ,02 C. B COOTBeTCTBHH C ,/J.OrosopeHHOCTblO Ha 3TOT cqeT ( CM. 

n . 1) ,/].JUI 1HICJTa 3KCnepHMeHTaJlbHO 3acpHKCHposaHHblX HMnyJTbCOB B3t B HHTepsaile l BMeCTO pac­

npe1'eJ1eIrn51 nyaccm-ia socnoJTb3yeMC51 HOpMailhHhIM pacnpe.1].enem1eM c MaTeMan1qecKHM O)l(}f­

.LlUHHeM H ,/J.HcnepcHei:i, paBHbIMH qJ1CJ1)' HMnyJlbCOB BTt B OTC)'TCTBHe myMa, T.e . 

B._,1 ~ N(BTt, BTt)- (26) 

Mo)].emt.pOBaHHe pe3yJibTaTOB 3KCuepHMeHTa npH HaJIH'·IHH wyMa ocymeCTBJTSIJIOCb cnyqaij-
/ 

HblM p03blrpbnneM B3, no BCeM speMeHHblM OTpe3KaM B COOTBeTCTBHH C pacnpe)].enemrnM (26). 

Pe3yJlbTaTbl O,lJ.HOro TaKoro MO,/J.ennposaHH51 nOKa3aHbl Ha pHCyHJ<e, r)].e )J.JljJ nyqrneii HarJT51,/J.H0CTH 

OCTasneHa 0,lJ.Ha KOMTIOHeHTa BeKTOpa n) H3 KIDK,ll.blX 50, T.e., HHblMH CJlOBaMH, B3 npe)].CTaaneH 

O,lJ.IHIM 3HaqemteM Ha OTPe30K 1 C. 

Ananor}1qHhfM o6pa30M nyreM cnyqaHl:foro p03btrpbLUJa onpe.aeJU1eTC51 H seKTop Ua anpnop­

HbJX napaMeTpOB KHHeTHt-leCKOfO ypasHeHllil. I1pH 3TOM B Ka"leCTBe TO"lHOro BeKTopa UT HCII0Jlb-

3YIOTC.sl 3HaqeHH51 rrapaM~os KI1HeTJ1qeCKoro ypastteHH.sl, Mo,nem1.pyiomero ycnOBH.sl npose.D.eHIDI 

3KCrrepHMeHTa. Pacce51HHe Ua B OKpeCTHOCTH UT aHaJIH3HpOBaJ10Cb, HCXO)J.jJ H3 cpH3H4eCKHX oco -

6eHHOCTeu IIYTP, ycJTOBHH npose.n.emrn KHHeTJ1qeCKHX 3KCnepHMeHTOB, B TOM qucne H B qacn , 

KOHTpOJibHO-H3MepHTeJTbHOH annaparyp1,1, a TaIOKe ToqHOCTH npuMeIDJeMbIX HeHTPOHHO-cpH3Hqec ­

KHX nporpaMM. Cornactto 3TOMY aHaJIH3Y, onymeHHOMY s ttacToaw.eii cTaTbe, S(l) = 0 ,024 OTH. 

e)J.., S(s) = 0,21 0TH. e,n., S(p) = 0 ,05 0TH. e,n., cov(/, s) = K1s = 0,0242Ql. ,[(JUI yqern KoppeJT51UHH l 11 

s npe,/l.CTaBHM s B BH,/J.e npOH3Be,/J.eHH51 IX, r,/J.e X - He3aBHCHMa51 OT 1 cnyqaHHa51 senwnrna. MaTe­

ManrqecKoe 0)KH)].aHHe H cpe.1].HeKBa.1].paTHtteCKOe OTKJTOHeHHe X, 11CXO)J..sl H3 BeJTWIHHbl / H S H ID{ 

KOBapHaUHH, HMelOT 3HatiemuI 5 ,45· l 0 -
3 1 / c

2 
H 0 ,209 OTH.e)].., COOTBeTCTBeHHO. 

B cnyqae anpHOpHOH ouetilUI p,, i = 5, 8, 9 cnyqamn,1M o6pa30M pa3btrpblBaJI.HCb cpaKTOpbl 

norpernHOCTH p,, i = 5, 8, 9 , CB.sl3aHHble C MHKpOKOHCTaHTaMH 
238U B 6blCTpOH o6naCTH, fo16mi:o­

Teqffi,JMH ,lJ.aHHbJMH no 3ana3,ll,bIBalOIJlHM HeHTPOHaM [ 11] H ,/J.OJleH ttyKJIH,/J.OB B 6aJ1aHce rettepa­

UHH BTOpHl:!HblX HeHTPOHOll. IlpHMeHHTeJTbHO K nonyqeHHOMY BeKTopy Ua HaXO,/J.HJlaCb oueHKa 

MaTPHUbJ Ka . .L{aHHblli war Heo6XO,/J.HM, TIOCKOJlbKY Bbrq11cnem1e KOBapHal{HOHHOH MaTPHUbl OTIH­

paeTC51 Ha HeH3BeCTHhlH npH npose,/].eHHH 3KCnepHMeHTa seKTop Un BMeCTO KOTOporo npHXO,/].HTC51 

HCTIOJlb30BaTb oueHKY Ua, H TI03TOMY pa3JlHtIHble, B o6meM cnyqae anpuopHble oueHKH Ua, npIrne­

.D.)'T K pa3HbIM MaTplH(aM Ka, Ilo cymecTBy OTIHCaHttylO BbIWe npoue;zypy MO)l(HO OTTHCaTb TaK: 

• ua nepsoM ware, HCXO)J.jl H3 TottHoro seKTopa uT 11 pacce51HH.sl ero oueHKH, onpe,neJU1eTC51 O.D.-

HOKpaTH.ur cnyqaHHa.sl Bbl60pKa BeKTopa Ua, KOTOpblH BbICTyTiaeT B KatJ.eCTBe Tex CBe,/J.eHHH no na­

paM~aM KHHeTH-i.reCKOfO ypaBHeHH51, KOTOpble HMelOTC51 nepe.D. npoBe)].emteM 3KCnepHMeHTa; 

• Ha BTOpOM mare BeKTop Un KOTOpbIH B ,/J.eHCTBHTeJTbHOCTH rrpH rrpose,/].emrn 3KCnepHMeHTa 

HeH3BeCTeH, " 3a6hrnaeTc.si:" u HCXO.D..si: 113 seKTopa Ua onpe.D.en.s1eTC51 ouettKa MaTpHUbI Ka, npHMe­

IDJeM.ur B ,/J.aJlbHeKmeM B Ka'leCTBe ee TO'IHOro 3HatieH_Hjj , 

Tenepb npaaee OT T01IKH I = 3 c , T.e. TO'IKH 3asepweHH.s1 BBO,/].a peaKTHBHOCTH, BbJ,/].eJJHM 0 6-

naCTb [11 , IK+i], B KOTOpOH 6y)].eM pernaTb o6paTHOe ypasHeH11e KHHeTHKH, H ccpopMHpyeM B HeH 

ceTKY speMeHHhrx OTPe3KOB. B KatiecTBe 3TOH o6nacTH [t1, IK+i] npuMeM [3,5 ; 190] c . 0rMeTHM, 
11TO 0Tpe30K [3 ; 3 ,5] c, Henocpe.D.CTBeHHO npHMbIKalOLL(HH K 0Tpe3KY (O; 3 ,5] C ' Ha KOTOpOM B p e­

aKTOp BHOCHTC51 peaKTHBHOCTh, HCKJll04eH H3 paCCMOTpeHH.sl H3-3a 6blCTpOro H3MeHeHH51 cqeTa, B 

CB513H C 4eM annpOKCHMaUIDI JJeBOH qacTH ypaBHeIDUI (5) npH nepeXO,/].e K ypaBHeHHIO (7) CTaHO­

BHTC.sl CJIHlllKOM rpy6ou. ,[(JUI cpopMHpOBaHH51 ceTKH OTPe3KOB [/1 , IK+il npe.D.BapHTeJTbHO npoBe,/J.eM 

CrJia)l(HBaHHe 3KCnepHMeHTaJlbHOfO CHfHaJla BJ no CJle)].ylOLUeH MeTO.LI.HKe. 

,[(JUI KIDK,ll.OH 3KCnepHMeHTaJlbHOH TO'IKH BbI,/J.eJl51eTC.R' speMeHHOH HHTepsan 20 C C ueHTpOM B 

paccMaTpHBaeMOH TO'IKe J,f ,/J.OTIOJIHI-ITeJJbHblM ycJTOBHeM, tIT06bl JJeBa51 rpaHHUa YKa3aHHOfO HH­

Tepsana 6bllla He MeHbWe 3 ,5 C. Ilo T04KaM ,/J.aHHOfO HHTepsaila CTpOHTC51 perpecCH.sI B BH,/J.e n o­

JJHHOMa 3-ro nop51.D.Ka, nocne qero B KatieCTBe CrJTa)l(eHHOfO 3Ha9eHHJI 3 KCnepHMeHTaJlhHOf0 CHf-
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Hana B paccMa-rp11saeMOH BpeMeHHOH T04Ke 6epeTCJI 3Ha4em1e perpeCCHOHHOfO ITOJIHHOMa. CpaB­

HeHHe CfJIIDKeHHOfO H T04HOro ClffHaJJOB Ha npHMepe O.llHOH cnyt.rnHHOH peamt:3aUIUf BeKTopa BJ 
npe,ncTaBJieHO Ha pHCYHKe. OrMeTHM 4TO CrJIIDKeHHbJH CHrHaJJ HCOOJlb3yeTCJI TOJlbKO .!VI.SI no­

CTpOeHIDJ ceTKJ,f 0Tpe3KOB [11, IK+l] BO scex ,npyrnx cny4~X MeTO,llHKa onep11pyeT C HCXO.UHblM 

3KCnepHMeHTaJJbHblM CHrHaJJOM B3. CeTKa 0Tpe3KOB [tk, IK+l] CTpOHTCSI 113 YCJIOBHJI npHMepHoro 

paseHCTBa c11e,nyiomero noKa3aTeJIJI Y4HThrnaioruero se1111~mry speMeHH6ro oTpe3Ka 11 H3Mette­

HHe C4eTa Ha HeM: ~ = (tit/titcp - 1)
2 + (Mc,/Mc,cp - 1)2, r,ne !ifcp = (190 C - 3,5 c)/K; !ilcp = 

(Bcr(3,5 c) -Bi 190 c))IK; K - 411CJJO 0Tpe3KOB. 

IlocKOJlbKY Ber 33BHCHT OT CJIY43HHhLM o6pa30M nonyqeHHOro HCXO.UHOro CHrHana BJ, TO H 

CeTKa o-rpe3KOB fTO)],Bep)f(eHa cJiy~aHHblM, XOT.SI 11 He60JibllIHM, B03MYU{eHJUIM. ,lvui npHHHTOH B 

pa6oTe ceTKJ,f [tk, tk+I] 113 20-TH o-rpe3KOB npHMep ee O.UHOH pean1naum-1 npetJ,cTasneH s Ta6n. I. 

Cy-MMHposamreM 3KCnepHMeHTa.JlbHblX ClffHaJJOB B 

npetJ,eJJax YKa3aHHblX o-rpe3KOB nOJIY4HM BeKTop b B ypaB­

HeHHH (7). ,[I;11cnepcm1 KOMnotteHT seKTopa b, r .e . .n11aro­

HaJJhH1>1e 3JleMeHThl Kb, pastta cyMMe )],HCnepcHH KOMTTO­

HeHT BeKTOpa B3 8 npetJ,enax OTpe3Ka k, OTKy.ua C y~eTOM 

(26) (Kb)k.k = bk, k = l .. . K. Jib H3JIO)Ke11ttoro sictto, 4TO 

nonyt.ieHHblH no pe3yJibTaTaM 3KCnepHMeHTOB BeKTop b 
HBJIJJeTCSI cny4aHHOH BeJIH4HHOH, a KOppeJISIUHOHHaH MaT­

p11ua Kb - cny-yai:fttoii oueHKOH .ueikTBHTeJihHOH Kosap11a­

UHOHHOH MaTJ)HUhl, OITHCh1Ba10w.ei1 pacceSIHHe b B OKpecT­

HOCTH TO4HOro 3Ha4eHHJJ 3Toro BeKTopa. 

Orrncattttasi npoue,nypa no cyw.ecrny HMHTHpyeT yc­

JIOBHH npose,neHHJI 3KCnepHMeHTa B 4aCTH KaK nony4eH­

HblX B ero XO)],e pe3yJihTaTOB H3MepeHHH, TaK H pacnona­

raeMOH Ha MOMeHT npoBe)],eHHJJ 3KCnep11MeHTa anpHOpHOH 

HHq>OpMaU,HH no K03q>q>HUHeHTaM KHHent4eCKOro ypaBHe­

HHJJ. OrMeTHM, ~TO anp11optta.S1 oueHKa BeKTopa Ua KHHeTH-

4eCKHX napaMeTpOB C KOBapHaUHOHHOH MaTpHueii Ka 11 

BeKTop b H3MepeHHoro ClffHaJJa C KOBap11au110HHOH MaT­

p11uei1: Kb cornactto npoue.nype HX onpetJ,eJieHHJJ S1BJIS110TCJ1. 

T a 6 JI " u a l. llpHMep o-rpe3KOB [tk, fk+il 

N!i OTJ)e3Ka 
fpaHHUhlOTJ)e3Ka, c 
JleBaJI. IlpaeaR 

l 3,5 4,02 
2 4,02 4 ,58 
3 4,58 5,22 
4 5,22 5,96 
5 5,96 6,84 
6 6,84 7,9 
7 7,9 9,18 
8 9,18 10,78 
9 10,78 12,84 
10 12,84 14,94 
11 14,94 17,68 
12 17,68 21 ,92 
13 21,92 28,78 
14 28,78 36,88 
15 36,88 46,38 
16 46,38 56,86 
17 56,86 67,8 
18 67,8 90,74 
19 90,74 131,48 
20 131,48 190 

CJIY4aHHbIMH BeJIH4HHaMH, 11 c11e.nosaTeJibHO, B paccMaTpHsaeMOH Mo.nemt 3KCnepHMeHTa OHH 

MOryT npHH.SITb npOH3B0JlbHble 3Ha4eHHJI, COOTBeTCTBYIOW.He CBOMM pacnpe,neneHHHM. 

Tenepb MO)KHO nepeiiTH ttenocpe.llCTBeHHO K OPYK c npHMetteHHeM MeTO.llHKH, M3JIO)f(eHHOH 

B n. l. 0.llHOBpeMeHHO Bbl4HCJJHM TaK)f(e Te 3Ha4eHHSI peaKTHBHOCTH, KOTOpble B .naHHhlX ycJJOBH­

JIX )],alOT -rpa.nHUHOHHbie MeTO,l].bl OPYK. B paMKax O,llHOrO H3 HHX, KOTOpblH ycJIOBHMCJI o603Ha-

4aTb KaK OPYK-p, peaKTHBHOCTb p HeH3BeCTHa, a OCTaJJbHbie napaMeTpbl nonaralOTCH H3BeCTHhl­

MH. ,D;m1 nepexo,LJ.a K OPYK-p no,LJ.XO.llY 3an11weM cHcTeMy ypastteH11H (7) cneeylOl.l.lHM o6pa3oM: 

App = Cpllp, (27) 
r,LJ.e Ap eCTb A <l > - BTOpOH CTOJI6eu MaTpHL.J.bl A ; Marpnua Cp COCTaBJieHa H3 CTOJJ6UOB Ma-rpHUbl 

A, HCKJII04aH BTopo11; up = (/ s Ps Ps p9f. BeKTop up, C4ITTa10m1-1i1cH H3BeCTHbJM, ccpopM11pyeM H3 

COOTBeTCTBytOI.UHX KOMnOHeHT BeKTopa Ua. CHCTeMa ypastteHHH (27) no 4HCJIY 0Tpe3KOB spe­

MeHHOH CeTKH cocTOHT 113 K ypastteHHH OTHOCHTeJJbHO o,nttoro HeH3secTttoro p, oTKy.lla HCHO, 4TO 

a o6meM otta HecosMeCTHa. B JTOH CBH3H, 11cno111,3yJ1 npHMettJ1eMhrn o6bI4HO B MaTeMaTHKe no.u­

XO.ll .llJISI ITO,LJ.06HhlX CHTyaUJ-tH, nepei:t.ueM K np116J11-t)KeHHOMY ypaBHeHHIO 
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pernaJI KOTopoe, HIDCOJlHM 

(28) 

(29) 

CornacHo .llpyroH MO.llH<pHKaUHH OPYK, KOTopy10 o6o3Ha1fHM OPYK-ps, tteH3BeCTHbIMH no­

nara10Tc.s1 p, s, OCTaJibHble napaMeTPbl KHHeTlfl-leCKOrO ypastteHH.sl ClfHTaIOTCR H3BeCTHhlMH. ~eH­

CTBY.sl TaK )Ke, KaK H B cnyttae OPYK-p, nony'lHM cne,lly10my10 3Maqy .llJlR HemseCTHhrx p , s: 

(Aps(ps? - CpsUps)2 ---+ min (30) 

c peweHHeM 

(3 1) 

r,lle Aps - MaTPHUa H3 2 H 3-ro CTon6uos MaTPHUbI A; MaTpHua Cps COCTaBJleHa H3 CTOn6uos MaT­

PHUbl A, HCKnIO'laJI BTopoii H TpeTHH; ups = (/ Ps Ps p9 Y. 3aMeTHM, ttTo onpe,llenettHe p B paMKax 

YKa3aHHbIX MOJlH<pHKaUHH OPYK B ,lleUCTBHTem,HOCTH MO)KeT OCHOBbIBaTbCR Ha 6011ee TOHKHX 

MeTO,llax, OJl}{aKO cyu.i;ecTBO MO.llH<pHKaUHH rrpH 3TOM He 3aTParHsaeTC.sl . 

KaK ~e OTMel.{aJIOCb, HMelOLUHeCR. B pacnopj{)KeHHH 3KCnepHMeHTaTopa HCXO,llHbie .naHHbie B 

BH,ne anpHOpHOH oueHKH Ua KHHeTHlfeCKHX napaMeTpOB, KOBapHauHOHHOH MaTpHUI>I Ka, BeKTopa 

b H3MepeHHOro CHrHaJia H KOBapHaUHOHHOH MaTpHUbl Kb R.BJlRlOTCR. CJIYlfaUHbIMH BenHlfHHaMH. 

~j{ y-qeTa 3TOro MOMeHTa HCCJie,llOBaHHe MeTOJlHKH H ee cpaBHeHHe C TPMHUHOHHblMH MO.llH<pH­

KauIDIMH OPYK npoBOJlHJIHCb Ha octtose cepHH HCnhITaHHH no MeTo.rzy Mome-Kapno. B KIDK.LJ;OM 

HCnhITaHHH no H3JlO)KeHHOM)' Bblllle a.nropHTM)' cnyqaUHblM o6pa30M pa3hirpbIBaJIHCb BeKTOpbI 

3KCrrepHMeHTaJibHOro CHrHaJia C KOMnoHeHTaMH B), H anp1mpHOH oueHKH Ua KHHeTHlfeCKHX na-
~ , 

paMeTpOB, HCXO,llR. H3 KOTOpbIX orrpe.nenR.J1HCb npoHHTerpHpOBaHHhlH no speMeHHbIM OTPe3KaM 

seKTop b H KosapHal.(HOHHhJe MaTPHUbI Ka H Kb. 
3aTeM C HCnOJ11,30BaHHeM MeTO,llHKH, H3JIO)KeHHOH B n . 1, H COOTHOIIleHH:H (29), (31) BbllfHC-

JIR.JIHCb peaKTHBHOCTb p, OTHOCHTeJibHaJI peaKTHBHOCTb P/LP~, KOTOpbre cpaBHHBaJIHCb co 

CBOHMH TO'lHbIMH 3HaqeHHJIMH p = 0,015 H P/Li p~ = 0 ,0150/0,06817 = 2 ,20. ITOMHMO o6nacTH 

[3 ,5 ; 190] c , BKJllOljaIOLUeU 20 BpeMeHH{rx OTPe3KOB, onpe,lleneHHe peaKTHBHOCTH npOBO,llHJIOCb 

TaK)Ke H .llJlR. nepBbIX 10-TH OTpe3KOB ( OT 3 ,5 .llO npHMepHO 15 c ) , lfTO COOTBeTCTBYeT CHTyawrn 

oueHKH peaKTHBHOCTH B npoMe)K)'TO'lHOH TOlJKe nepeXO,llHOro npouecca. CepHJI COCTOR.Jia H3 10-

TH HCfibITaHHH (Ta6JI. 2), O,llHaKO H 3Ta He60JiblilaJI BbI60pKa CJIY)KHT .llOCTaT04HO npe.u.cTaBHTeJib­

HOH HJIJIIOCTPaUHeH cpaBHHTeJlbHbIX oco6eHHOCTeu MeTO.llHK, nocKOJlbKY BbmOnHJleTCR. B O.UHHa­

KOBbIX ycnOBHR.X IIO HCXO.llHblM ,llaHHbIM - anpHOpHOH OUeHKe U3 H HCXOD.HOMY CHrHaJIY b. 

Ta 6 JI H u a 2. PeJym,TaTbI cpastteHIDI MeTO.llHI< OPYK Ha Mo.nem,H0H 3a,uaqe 

Cpe.nHeI<Ba.npaTH'feCKOe 0TKJI0HeHHe 

IlapaMe-rp 
OT To1rnoro JttaqeHHR 

BpeMeHH6H o-rpe- BpeMeHH6t:i 0Tpe-
30I< f3 ,5; 1901 C 30I< f3 ,5; 151 C 

p C0fJl8CH0 MeT0.llHKe n. 1 0,0227 0,0273 

P/LP, cornactto MeT0.llHI<e n. I 0,0117 0,0294 

p cornactto OPYK-p 0,1266 0,0403 

P/LP, cornactto OPYK-p 0,1272 0,0344 

p cornacHo OPYK-ps 0,0287 0,0652 

P/LP, cornactto OPYK-ps 0,0149 0,0614 
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,lvrn WHpOKOro )].Hana.JOHa [3,5; 190] C npe)lJ1araeMaH B pa6oTe MeTO)].HKa nOKa.3bl8aeT Ha11-

nyqw11e pe3yJibTaTbl, XOT51 B cpasHeHHH C MeTO)].HKOH OPYK-ps ee npeBOCXO)].CTBO OTHOCHTeJibHO 

1-1eseJIHKO. Docne)].Hee 06yc11osmrnaeTC51 CXO)f(CCTbJO HCXO.ll;HOH HHcpopMau1111, KOTOpa51 npHMeH51-

eTC51 MeTO,L(HKaMH ,L(Jlj{ onpe)].eJieHH51 p. ,[(eHCTBHTeJibHO, KaK 6y.neT nOKa.3aHO Hl1)f(e, B cornac111-1 C 

OflhlTOM OPYK pewaJOuzyJO pOJib B onpe.neneHHH peaKTHBHOCTH 11rpaeT HaHJ1}'1-IWa51 H3 Tex T04-

HOCTeH, c KOTOpbIMH H3BeCTHbt cyMMapHa.!l AOJ15t 2P, JanaJ)lbIBarouu-rx HeHTPOHOB, K03cpqrnu11eHT 

s, CB513aHHblH C HCT04HHKOM, H B c11y4ae npe)].JlO)f(eHHOH B pa6oTe MeTOAHKH - anpHOpHa.!1 oueHKa 

peaKTHBHOCTH p. Me)f()ly TeM B paccMaTpl•!BaeMO!i c11ryauirn H3 3THX rrapaMeTpOB Ha1160J1bWYIO 

T04HOCTb HMeeT 2P,-,[(1151 )].HcnepcHH cyMMbI 2P, c y4eToM Koppe11S1u,H11 p, cpe.n,HeKsa,n.paT11\.feCKM 

norpewHOCTb COCTaBJI51eT 0,023 0TH. e)].., 4TO cymecTBeHHO MeHbWe norpewHOCTH 0,05 0TH. e)].. 

anpHOpHOH oueHKH p 11 TeM 6011ee norpeWHOCTH 0,21 0TH. e)].. arrpliOpHOH oueHKH s. 

I1o3TOMY nono11HeHHe anpHopHbtX .n,aHHbIX no 2P, TaK)f(e 11 .naHHbIMH no p 11 s , a HMeHHO s 

3TOM B uenoM 11 3aKJIJ04aeTC5t nepexo)]. OT OPYK-ps K npe)].11araeMoi1 MeTO)Ufl(e, He y~waeT 

npHHUHTIHaJlbHblM o6pa.30M HH<pOpMau110HttylO 6a.Jy .L(Jlj{ onpe.neneHt-UJ p. OTCIO.LJ,a .sJCHO, 4TO ec1111 

TOqHOCTb HMeJOmei:ic5t anp11optto11 ouettlill 2P, 3Ha4HTeJlbHO npesocxo.n11T TOYHOCTb ouemrn .n,py­

mx napaMerpos K11tten14ecKoro ypasHeHHSI, ornHYHe npe.n11araeMoi1 MeTO)].HKH OT OPYK-ps cxo­

JlHT Ha HeT. E)].HHCTBeHHoe yny1-:11nem1e, KOTopoe B )].aHHbTX yc11os1rnx OHa MO)KeT npHBHecn1, on­

pe)].eJ1.sreTC51 KOppeKTHblM y4eTOM CTaTJ,fCTH4eCKOH norpewHOCTH H3MepemtH. PeJyJibTaTbl, no.rry­

YeHHble npH HCITOJlb30BaHHH OPYK-p, HMelOT 3Ha~TeJlbHO 6011bwyIO norpelllHOCTb. I1pH1UlHOH 

TOMY CJI)')f(HT TpaKTOBKa B )].aHHOH MeTO,L(HKe 2P, H s KaK TO'IHO H3BeCTHbfX napaMeTpos, KOTOpa51 

B ycJIOBI-UIX 60J1bll.fOH Heonpe.neneHHOCTH s npHBO)].HT K 3Ha411TeJlbHblM OTKJlOHeHID!M oueHIOI p. 

ITpH nepexo.ne K speMeHH0MY OTpe3KY [3,5; 15] c o6beM )laHHbtX, rro~eHHbrx s xo.ne KHHe­

TH4eCKoro 3KCnepHMeHTa, YMeHbWaeTc.sr, 4TO ITOBbilllaeT B~HOCTb anpHOpHOH HHcpopMaul-lH p. 

KaK pe3y11bTaT T04HOCTb npe.llJlaraeMoH MeTO)].HKH yxy.nwaeTCR B MeHbweii Mepe, 4eM OPYK-ps, 
11 ee npeHMymecTBO Ha)l OPYK-ps CTaHOBHTC51 6011ee 3aMeTHblM. I1HTepeCHO OTMeTHTb, \.fTO TOLf­

HOCTb OPYK-p B OTJ1114He OT )].pyrHX MOAH<pHKaUHH YJ1)'4WaeTCSI npH paCCMOTpeHHH 0Tpe3Ka 

[3,5; 15] C. IlpH4HHa 3TOfO COCTOHT B TOM, LfTO C yse1111LfeHHeM paccMaTpHsaeMoro speMeHH0ro 

npoMe)K)'TKa, KaK MO)KHO YBH)].eTb H3 ypasHeHHH (28) (c }'1-IeTOM (2)), 3Ha4eHHe p B paMKax 

OPYK-p see B 60111,wei:i Mepe onpe.nem1eTcS1 s H TaKMM o6pa.30M norpewHOCTb p cTpeMHTCSI K no­

rpewHOCTH s, COCTaBmfIOI.LleH: B npHMepe 0,21 0TH. e.u. B c.rryqae OTpe3Ka [3,5; 15] C TOLIHOCTb 

OPYK-ps ycrynaeT OPYK-p, 4TO 06yc11os11eHo BblCOKOH sapttaTHBHOCTbJO peweHH5t Ja)laLIH MH­

HHMHJauHH (30) C )].BYMSI CB060)].HblMH napaMeTpaMH p H s B ycJIOBI-UIX OTHOCHTeJlbHO MaJlOfO 

o6beMa 3KCnepHMeHTaJlbHOH HH<pOpMaUHH. B 3TOH c111yaUHH nycTb )].a)f(e H3BeCTHbie C OTHOCH­

TeJlbHO 60JlbWOH norpeWHOCTblO anpt,iOpHbte )laHHble no s, HCITOJlb3YIOI.LlHeC51 B MO)].H(pHKau1m 

OPYK-p, cnoco6cTByIOT ynyqweHHIO oueHKH s cpasHemrn c OPYK-ps. 
8btnOJ1HeHHa51 cepH51 pac4eTOB IT03BOJ1.sJeT nposepHTb MeTO)].HKY oueHKH norpeWHOCTH p H3 

n. 1. ,[(1151 3TOro B Ka)KJJ.OM H3 pacYeTOB, CJ1elly5t 3TOH MeTO)].HKe, onpe)].eJUIJiaCb cpe)].HeKBa)lpaTH-

4eCKa51 norpeWHOCTb p. I1011y4eHHble HHTepBallbl (0,020; 0,021) H (0,029; 0,033) 0TH. e)].. 3Ha4e-

HHSI norpewHOCTH .llJ151 BpeMeHHi:rx 0Tpe3KOB [3,5· 190] H [3,5; 15] c, COOTBeTCTBeHHO, KaK BH,L(H0 

113 cpasHeHHj{ C )].aHHblMH Ta6Jl. 2, sno11He y)].OBJieTBop11TeJ1bH0 cornacyJOTC51 C cpaKTHLfeCIOIMH 

pa.36pocaMH p. TaKHM o6pa.30M, MeTO)].HKa oueHKH norpeWHOCTH p B paccMaTp11saeMblX )].0CTa­

T04H0 THITHlfHblX npaKTH4eCKHX yc11os1,rnx llaeT npe)].CTaBHTeJibHbie pe3YllbTaTbl, H CJie)].OBaTeJib­

H0, ee orpaHH4eHH51 no BeJ1H4HHe OTKJIOHeHHH B )].aHHOH CHryaUHH He np0518Jlj{}OT ce651 cymecT­

BeHHblM o6pa.30M. 
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To4HO TaK >Ke, KaK 3TO HMCeT MeCTO B OTHowemm peaKTHBIIOCTH p, no HTOraM 3KcnepHMeHTa 

B cpaBHeHHH C arrp11opHblMH oueHKaMH y11r1wa10TCSI oueHKH H .npyrnx napaMeTpOB Kl1IleTH-i.iecKo­

ro ypasHeHl1SI. HJJJ1IOCTp11pysi CKa3aHHOe, paCCMOTJ)11M c11ryaUHIO, Kor.na BeKTop anpHOpHblX na­

paMe-rpOB 11 C4eT CJJY43HHblM o6pa30M 0Ka3a1111Cb paBHblMl1 CBOHM T04HbIM 31134eHl1SIM: Ua = UT, 

bk = bTk, k = I .• . K. C T04Kl1 3peHIDI nocne.nyiomero aHan113a ,naHHasi c11ryau11si He npe,ncTasnsieT 

npHHU11ITl1a11bHblX oco6eHHOCTeH H HCnOJlb3yeTCSI scero JlHWb KaK np11Mep. He npe.nnonarasi, 4TO 

B HaweM pacnopSl)KeHHH y>Ke 11Me!OTCSI T04Hble 3Ha4eHHSI BeKTopa UT K11HeTH4eCKl1X napaMeTpOB, 

6y,neM ,neHCTBOBaTb TaK >Ke, KaK H BbIWe, T.e. paCC4HTaeM KOBapHaU110Hllbie MaTp11Ubl Ka H Kb, 
nocne 4ero npHMeHHM MeTo,n11Ky OPYK 113 n. I. flo11y4e11HaH B pe3yJ1bTaTe YT04HeHttasi oueHKa u 

H Ku Y'-IHTbIBalOT KaK anpHOpHble ,naHHble no BeKTopy u, TaK 11 ,naHHbie Kl1HeTHYeCKOro 3KCnepH­

MeHTa. CornaCHO np11se.neHRblM B Ta611. 3 ,ll3HHblM YT04HeH11e 3aTparnsaeT see napaMeTpbl KHHe­

TH4eCKOrO ypaBHeHIDI, XOT$1 ,llJlSI pa3HblX napaMeTpOB ero BeJ11-f411Ha Cl1JlbHO OTJlJ,fl{aeTCSI. 

T a 6 JI " u a 3. YToqHeHHe oueHKJi napaMeTJ)OB KHHeTWieCKOro ypaaHeHHR no pe3yJJbTaTaM 3KCnepHMeHTa 

ITapaMeTp 
OueR1Ca I p s Ps Ps p9 2P, 

Arrp110pHaR 0,024 -0,05 0,21 0,0267 0,0415 0,0568 0,0235 
AnocTepwopHaR, 20 

I 

0,0238 -0,0204 0,0221 0,0246 0,0414 0,0568 0,0185 epeMeHHblX OTpe3KOB 

AnocTepHOpHaR, 10 
I 

0,0239 -0,0312 0,1327 0,0256 0,0414 0,0568 0,0193 speMeHHbIX OTpe3K0B 

He-rpy,nHO ycne,nMTb 3aBMCHMOCTb BeJlH-i.iHHbl YT04HeHIDI OT anpMOpHOH TOYHOCTl1 napaMeTpa 

11 ero BJlIDIHIDI Ha nepeXO,llHblH npouecc. ,[J:eHCTBMTeJlbHO, cne.nyeT O>KH,llaTb, l(TO napaMeTpbl C 

CHJlbHblM BJlIDIHMeM Ha nepeXO,llHblH npouecc KaK pa.3 H MOfYT 6b1Tb YT04HeHbl no ero HTOraM. K 

TaKMM rrapaMeTpaM OTHOCSITCR p, s H 2P, 11, KaK B11.llHO 113 ,naHHbIX Ta611. 3, 11MeHHO B 11x c11yyae 

YJJY4U1em1e T04HOCTl1 Ha116011ee JaMeTHO. TTo csoeti anocTep11opHoi1 TO'-IHOCTH p, s 11 2P, s cny-

1.fae 20-TH apeMeHHbIX o-rpe3KOB BblXO.llSl'T Ha o,nHH yposeHb, YTO onpe.ne11sieTCS1 6mt30CTblO 3nIx 

napaMe-rpOB no 3Ha4l,fMOCTl1 .llJlSI peweHHSI KHHenIqecKoro ypasHeHHSI. CoOTBeTCTBeHHO B HaH-

60J1bWei:t Mepe YT04HJleTCSI napaMeTp s, HMe!OLUHH HaHxy.nwylO anpHOpHylO T0YHOCTb, 11, Hanpo-

nrn, MMHHMaJlbH0e YT0YHeHHe Ha61110,naeTcR y napaMeTpa 2P, c Ha1111y4wei:i anpHopHOH oueHKOH. 

B c11r1ae napUHaJlbHblX ,llOJleH p,, ; = 5, 8, 9 3ana3,llb183I01.UHX HeHTpOHOB coo6pa3HO HX BKJla­

.ny Ha116011bwee YT04HeHHe HMeeT MecTo B cny4ae p 235U, BHocsimero 0CHOBHOH BKJ1a,n s 2P,, a B 

cny-i.iae p,, ; = 8, 9 OHO He3Ha4HTeJlbHO. TaK>Ke He3H34HTeJlbH0e YT04HeHHe HMeeT MeCT0 H B cny-
1.fae napaMeTpa /, 0Ka.Jb1Ba10mero c11a6oe s1111siH11e Ha nepexo,nHbIH npouecc 11 He HMe10mero 

c1111bHOH Koppe11siu1111 c p, s 11 2P,- .L(nsi yyacTKa [3,5; 15] c, oxsaTbIBaeMoro nepsbIM11 I 0-10 oT­

pe3KaM11, napaMeTpbl Kl1HeT11'-leCKOrO ypaBHeHl1SI np11 yMeHbWeHl1H o6beMa 3KCnepHMeHTa11bHOH 

miq>OpMaUHH YT0YHJIIOTCSI B MeHbWei:t Mepe no cpasHeHHIO C y4aCTKOM [3,5; 190] C. 

qT06bI K0J1H4eCTBeHJI0 npo.neM0HCTpI1posaTb B3311M0CBSl3b anoCTep11opHbIX oueH0K u, KOT0-

pasi, B 4aCTH0CTM, no3B0J1SleT cy,nHTb O 3H3YHM0CTl1 KHHeTH'-leCKHX napaMeTp0B ,llJlSI T04H0CTH 

oueHK11 p, COCTaBHM MaTpHLzy R K0ppe11SIUH0HHblX K03qJQ)HUHeHTOB anocTep11opHblX oueH0K u, 

nono11H11B 3TOT seKTop napat.rnTpoM 2P,- .L(nsi JHaYe1-111si 311eMellT0B R, KOTOpbIe He ne>KaT s o,nHoH 

c-rpoKe 111111 cT0116ue c 2P,, c 11cno11bJOBaH11eM Kosap11au110HHOH MaTp11UbI Ku HMeeM 

R,J= K,/(K,,, ~i12
• B npornsH0M cnyYae, B TOM 411c11e ec1111 u, ecTb o.nHo 113 p,, i = 5, 8, 9, 
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K( LP,,u, )-1 ~P,u, )-1 ~P, )Mu,-, ~P,u, )-~(P1)Mu,-

= L, K(P1, u,) + L,M( P; )Mu, - L,M( P; )Mu,= L K(P1, u,), 
J J J J 

OTKyl{a R( LP,, u, )-~K(P,,,,,) /[ D(LP, )D(u.) r, rae D(~)~) aae-rc, cne/l)'IOWHM BSI-

pIDKeHHeM npHMemneJibH0 K anocTep110pttoi1 MaTpHue Koppe1rnu1111 Ku : D (LP~)= 2 K~,. ~1 . CTo­

JIYlleHHnle pe3yJihTaTb1 np11se.ueHbl B Ta6JJ. 4. 
Ta 6 JJ Hu a 4. MaTp1n.1,a R KoppeJUIUHOHHblX K03cp<jrnUHeHTOB anocTepHopttoH oueHl<H u: 

a) JlJUI rrpoMe)KyTKa f3,5; 1901 c 

ITapa- napaMeTP 

MeTp I p s 13s 13s l39 213, 
I l 
p -0,02 I 
s 0,02 -0,97 I 

13.s 0,01 -0,89 0,8 I 

13s 0 -0,03 0,04 -0,24 1 

!39 0 0,04 -0,04 -0,13 -0,l I 

213, 0,01 -0,91 0,83 0,9 0, 19 -0,08 I 
6) .LUU! npoMe)KyfKa f3,5; 151 c 

napa- TTapaMeTP 

MeTP I p s 13s 13s l39 213, 
I l 
p -0,06 1 
s 0,07 -0,83 l 

13s -0,01 -0,35 -0,13 I 

13s 0 -0,03 0,0 I -0,23 I 

l39 0 0,02 0 - 0,12 --0, I l 

z13, -0,01 -0,37 -0,13 0,91 0, 18 -0,07 I 

CornaCHO .uaHHhIM Ta6JJ. 4 B no11rnep)K,lleH11e BblCKa3aHH0ro pattee cy:>K)leHIDI T04H0CTb ano­

CTep11opHOH 0UeHKH p onpe.uemllOT B nepByIO 0t.Jepe.LI.b T0l.JH0CTb S H zp,, n0MHM0, eCTeCTBeHH0, 

T0l.JH0CTH anpHopHOH oueHKH p. TipH 3T0M napaMeTp S BO BC.s!K0M cnyt.Jae B paccMaTpI-rnaeM0M 

np11Mepe, 0Ka3bIBaeTC.sl Ba)KHee zp,. TaKHM o6pa30M, paccy)Klla.si TeopeTHt.JeCKH, npe.LI.n04THTeJJb-

Hee pacnonaraTb KaK M0)KH0 6onee TOt.JHOH oueHKOH s, He)KeJJH 2P,. 3cpcpeKTHBHOe )Ke speMH 

)KH3HH / MrH0BeHHblX HeihpOHOB H napUHaJlbHble .LI.0JJH p, 3anaJ.LI.blBaIOW.HX HeihpOH0B 3a HCKJ110-

4eHHeM Ps He 0Ka3hlBaIOT 3Hat.JHMoro BJJHHHI-UI Ha T0lfH0CTh onpe11enett1-U1 p . Koppemu..1,ID1 p, s H 

zp, 3aMeTH0 yMeHbWaeTCH B 06JiaCTH [3,5; 15] C, 0TpIDKM TOT cpaKT, lfT0 npH YMeHbllleHHH 06'b­

eMa 3KCnepHMeHTaJlbHOH HHcpopMaUHH Ku CTpeMHTCH K Ka, me 3TH napaMeTJ)bl He3aBHCHMbl. 

PaccMaTp11saeMbIH np11Mep cJiy)KHT npocTei1weii nposepKOH ow1160K, o6ycnosneHHhlX or­

py6nem1eM ypasHeHl-fH KHHeTHKH npH ero 38nJ,tCJ1 B cpopMe (7) 0KpyrneHIDIMH B npou.ecce Bbl­

lfHCJJeHHH, a TaK)Ke npoBepKOH anropHTMa peweHH.sl 38.lJ.8lfH (16). ,r:(eHCTBHTeJJbHO, B paccMaTpH-
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saeMOM cny4ae Ua = Un bk= bTk, k = 1 . . . K 3an,at.:fa (16) HMeeT oqesw,nHoe peweHHe, cosnan.a10mee 

c TO'IHblM Ua = UT, o6pamaJOIUHM ee cpyHKUHOHa.Jl a 0. qHcneHHOe peweHHe ( 16) a COOTBeTCTBKH 

co cxeMoH, HJnO)KeHHOH a n. 1, cosna.rto c uT c TO"IHOCTblO .uo 4-H 3Ha4ametl UHQ)pb1, np11"!eM c 

uenblO rrpoaepK11 ycTOH'IHBOCTl1 MeTO.lll1Kl1 Hat.:fa.rtbHOe 3Hat.:fem1e u, C KOToporo Ha'll1Ha.rtacb MH­

HHMH3aI..U-UI ( 16), 3a,llaBa.rtOCb OTnH'-IHblM OT UT. 3TOT pe3ynbTaT nOKa3bIBaeT He3Halfl1TenbHOCTb 

YKa3aHHbIX OWH60K. 

3aKJIIOIJCHDe 

B pa3BHTHe TPa.UmtHOHHbIX MeTO.llOB OPYK TO'letrnoro peaKTopa c pa3.ueneaHeM napaMeTpos 

KHHeTK'leCKOro ypasHeHHJI Ha H3BeCTHble H HeH3BeCTHbie pa3pa6oTaHHaJl MeTO.llHKa paccMaTPHBa­

eT HX, HCKJIIO'laJl nocTO51HHb(e pacnan.a H OTHOCHTeJTbHbie BblXO.llbl rpynn 3ana3,llb1BalOIUHX HeH­

TPOHOB, KaK cnyqaHHble senH'IHHbl C 3aiJ.aHHblMH pacnpe,neneHHHMH. TaKoe o6o6meHHe, B 60Jib­

weH Mepe OTBet.:fatomee .ueHCTBHTenbHblM 3HaHIDIM no napaMeTPaM KHHeTH'leCKOro ypaBHeHIDI, 

n03BOnHeT C ,D;OCTaTO"IHOH MeTO,D;lfl.JeCKOH CTPOfOCTblO npHBne'lb ,llnH o6paTHOfO peweHHJI ypas­

HeHllil HMelOIUHeCH anpHOpHble ,n.aHHble no K03cpcp11u1,feHTaM KHHeTK4eCKOro ypasHeHllil, BKJllO'laJI 

HX norpeWHOCTH. I1o.uo6Hoe )Ke sepOHTHOCTHOe OITHCaHHe, Y'-iHTblBatoIUee cny4attttyl0 norpew­

HOCTb, pacrrpOCTPaHHeTClI H Ha 3KCnep11MeHTarrbHble H3MepeHHJI HeHTPOHHOro ITOTOKa. 

l1cXO,lllI H3 anpHOpHOH oueHKH H 3KCnepHMeHTa.Jl.bHblX pe3yJibTaTOB, MeTO,llHKa ITO3BOJIJleT 

HaHTH YTO'IHeHH)'lO ou,eHKY napaMeTpOB KlfHeTHt.:feCKOro ypastteIDrn, npK'leM He TOnbKO peaKTHB­

HOCTH, HO H .n.pyrHX napaMeTPOB, CBH3aHHbIX C HCTO'IHHKOM H BblXO,ll.aMH 3ana3,D;blBalOIUHX HeH­

TpOHOB. ,lvrn KOBapHaUHOHHOH MaTPHUbl YTO'-iHeHHOH oueHIOI nony4eHO Bblpa)KeHHe B CJIYt.:fae Ma­

JIOH norpernHOCTH anpHOpHbIX J].aHHbIX H pe3yJibTaTOB H3MepeHHH. 

Ha MeTO.UH'leCKOM npHMepe npo,n.eMOHCTpHpOBaHbI npeHMymecTBa pa3pa6oTaHHOH MeTO.llHKH 

B cpaBHeHJ-rn C TpaD.HUHOHHblMH MO.llHQ)HKaUIDIMH OPYK no TO'IHOCTH orrpe,neJieHIDI peaKTHBHO­

CTH, a TaK)Ke B BHJJ.e BO3MO)KHOCTH KOppeKTHOH oueHKH norpeWHOCTH peaKTHBHOCTH H YTO'IHeHllil 

BMeCTe C peaKTHBHOCTblO H .upyrHX napaMeTpOB IOIHeTH'leCKOro ypaBHeHHJI. IlposepKa Ha MeTO­

JJ.H'leCKOM npHMepe nOKa3a.rta, "!TO norpeWHOCTH MeTO,llHKH Bb(qJ,{CnHTenbHOfO po,na, B TOM 4HCJie 

o6ycnosneHHble rrpH6mrn<eHHOH 3amtCblO ypaBHeHHJI IOIHeTHIOI, HMelOT He3HalfHTenbttylO BeJJH­

t.:fHtty. 
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TTpe.nCTaBJieHO 0nHCaHHe paJJlHl(H.blX cnoco6oB Y"JeTa npOCTPaHCTBeHHblX 3q>q>eKTOB npH H3Mepemrn 
peaKTHBH0CTH. Cnoco6b! npHMeHJUOTC11 KaK Ha KpHTH"leCKHX CTeHD.ax (B OCHOBHOM 6bICTPbIX), TaK H Ha 
peaKTope EH-600. 

On accounting of spatial effects related with reactivity measurements. l.P. Matveenko, V.A. Litit­
sky, A.G. Shokod'ko. Various methods of taking in to account spatial effects related to reactivity measure­
ments are presented. These methods are used in both critical facilities (mainly, fast neutron facilities) and 
BN-600 reactor. 

TipH H3MepeHHH peaKTHBHOCTH Ha KpHTH"l(eCK.HX CTeH)laX <1>311 HCOOJib3YeTC$1 WHpOKHH. tta6op 

MeTO)lHK. OHH BKJIIO'-la.JOT B cefor KaK pa3JIH4Hble pa3HOBHJlHOCTH HMnyJihCHOrO HeHTpOHHOfO 

MeTO)la, TaK H MeTOJlHKH, OCHOBaHHhle Ha npHMeHeHHH o6pameHHOro peweHHJI ypaBHemrn 

KHHeTHKH (OPYK) H MOJlHq>HUHp0BaHHoro MeTOJJ.a o6pa-rttoro YMffO)f(eIDUI (MOY). OTpa60TKa Me­

TOJlHK yqe-ra BJlHJIHHJI npOCTpaHCTBeHHbIX 3q>q>eKTOB, KOTOpble MOryr HCO0Jib30BaTbC$1 Ha 3HepreTH4e­

CKHX peaKTopax, noTpe6osana npHMeHeHH.sr penepHoro 3KcnepHMeHTaJibHoro MeTOJla - KM­

nynhcHoro MeTO)la IBMepeHHJI peaKTHBHOCTH. 

1. lbtnyJJbCHblH ueiiTpoHHblH MeTO.ll HJMepeuuR peaKTHBHOCTH 

B Ka'-leCTBe HaH6011ee ymrnepcanbHOH H T04HOH MeTO)lHKH H3MepeHHJI peaKTHBHOCTH Ha KpHTH'-le­
CKHX CTeH)lax <1>311 (KaK 6bICTpbIX, TaK H TeflJIOBbIX) HC00Jib30BaJiaCb pa3HOBH)lHOCTb HMnyJlbCH0ro 
HeHTJ)OHHOro MeTOJJ.a, OCHOBaHHrui Ha H3MepeHHH aCHMnTOTH'l(eCKOH BeJJHl(HHbl )leKpeMeHTa 3aryxattHJI 
a MfHOBeHHblX HeHTpoHOB. TipH 3TOM BCJJHYHHa peaKTHBHOCTH onpe.n.eJij!JlaCb H'3 xopowo H3BeCTHOro 

Bb1pIDKeIDU1 p/p
3

cj>Kp = - (a/aKp)(NJ\Kp) + (P
3

ct>/P
3
cj>Kp) , r.ue /\ - BpeM$1 reHepauHH MrHOBeHHbIX 
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HeHTJ)OHos; p
3

<1> - 3<pq>eKTHBHasi JJ.OJUI 33Jla.3.LU>IBaJOW.HX HeHT()OHOB (3H); HHJJ.eKc "Kp" o6oJHalfaer 

KpHTJ,fl-{ecKoe COCTO.sJHHe. 

TTpaKTHKa HCnOJ1b30BaHIDI 3TOH MeTO)J.HKH nOKa.3aJla BeCbMa WHpOKHH )J.HanaJOH ee npHMeHH-

MOCTH - JJ.O HeCKOJlhKHX .uec.srTKOB PJ<fi H 6011ee. lfro KacaeTc.sr TOlfHOCTH H3MepeHID1 peaKTHBHocnt, 

TO c11e.n.yeT npHH.slTb BO BHHMaHHe cneJ.lYIOw.ee: 

• norpewHOCTb H3MepeHID1 BeJ1H1UiH.b[ a o6hf'IHO COCTiiBJUleT 0,5 .. . 1,5 %· 

• paclfeTHbte nonpasKH Ha H3Mettem:1e speMeHH rettepau~m BHOC}IT JJ.OnomurreJ1bH)'lO norpewHOCTb 

B 2 . .. 6 %; 
• TaKHM o6pa.30M, C}'MMapHasi semtlfHHa norpellIHOCTH COCTil.BJUleT HecKOJThKO npoueHTOB. 

KoMnlleKC HcnOJTbJyeMb[X paCl.feTJ--11,[X nporpaMM BK.1Il04aeT ,nByx-, -rpex- H MHOrorpynnOBble KO)J.bI 

paclfeTa nepexoJJ.HhlX npoueccos tta MrHoseHHhIX HeHT()OHax. 

2. H3Mepeune peaKTHBHOCTH no OPYK 

TeopeTH'-recKOH OCHOBOH npaKTKlfeCKH mo6oro MeTOJ].a H3MepeHIDI peaKTHBHOCTH peaKTopa 

CJlY)KHT ypaBHeHHe KHHeTHKH peaKTopa. C YYeTOM nonpaBOlfHOH cpyHKUHH Ha npOCTpaHCTBeHHhle 

3 cpcpeKTbl E(t) - 3 cp<peKTHBHOCTH )J.eTeh.10pa OHO HMeeT BH)J. 

p(t) _ M t E(t) n(t') -\(t-t') , S3cjJ 1 dn A 
p

3
<1> - l - ;!1 °i'-i _L E(t, t') n(t) e dt - n(t) + n(t) dt P3q1 · (l ) 

Ecm-1 s ypasHeHHH (1) HCKJlIOlfHTb cpyHKUHIO E, TO OHO CTaHeT ypasHeHHeM KHHeTHKH s TOlfelfHOH 

MO)J.eJlH. 

l.JeTKyIO HHTepnpeTaUHIO napaMeTpOB S34>, p'.Mj), A , a , MO)KHO HaHTH s pa6oTe [ 1]. B ypasHe­

HHH (1) p(t) - peaKTHBHOCTb peaKTopa; p(t) = (k)cjJ (t)-1) / kJ<I> (t); kJ<I> - K03cpCjHmHeHT pa.3MHO)Ke-

HH.sl HeHTpOHOB B peaKTope; n(t)- CKOpOCTb OTC'-leTOB )J.eTeKTOpa HeHTpOHos; a, - pacYeTHaJI OT­

HOCHTeJlbHaH JJ.OJl}l 3H i-w rpyrun,1; ').., - nocTO}IHHa}l pacna)J.a 3MHrrepos 3H (HJ nHTeparyptthrx 

JJ.aHHbtx), i = I ... 6, 1 ... 12, ... , s JaBHCHMOCTH OT '-IHcna JJ.en}lmMXc.sr H30Tonos; P3<1> - 3cpcpeKTHBHasi 

)J.OJl.sJ 3H; A- speM}l reHepaU:HH MrHOBeHHblX HeHTpOHOB B peaKTope; S3<1> - 3cp<peKTHBHaJI HHTeH­

CHBHOCTb BHeurnero HCTO'-IHHKa HeHTpOHOB B peaKTope. 

,Z:(rrn ylfeTa npoCTpaHCTBeHHblX 3cp<peKTOB npH H3MepeHHH peaKTHBHOCTH MeTOJJ.OM OPYK 
BBO)J.HTC.sl nOHHHe 3cpcpeKTHBHOCTH ,lleTeKTopa HeihpOHOB E(r,1 , t',t), r)J.e rd - KOOpJJ.HHaTa ueHTpa 

JJ.eTeKTopa, t - MOMeHT H3MepeHHH peaKTHBHOCTH, t' - speW!, npeJJ.I1JecTBy10w.ee speMeHH t. Co­

rnacHo pa60TaM [1 , 2] E eCTb CKOpOCTb OTClfeTOB )J.eTeKTopa OTHeCeHHaJI K CKOpOCTH npOH3BO)J.CT­

Ba 3H )J.eneHH}l, B3BeweHHblX HX ueHHOCTblO. B COOTBeTCTBHH C 3THM CKOpOCTb OTClfeTOB )J.eTeK­

TOpa n(t') )J.0Jl)l(Ha J].emITbC}l Ha E(t',t) H ypaBHemre KHHeTHKH np1106peTaeT BHJJ. (I). 

B 06111.eM cnylfae HCnOJ1b30BaHHe 3TOro ypastteHH}l )J.Jlj{ onpe)J.eneHH}l BeJlHlfHHbl peaKTHBHO­

CTH H3 noKa.3amrn JJ.eTeKTOpa Tpe6yeT sse)J.eHH}l pac'-leTHblX nonpasoK, T.e. pac'-leTa nepexoJJ.HbIX 

npoueccos B peaKTOpe npH H3MepeHHH peaKTHBHOCTH. O.uHaKO B p.sr)J.e cny1.rnes MO)KHO HaHTH 

npH6.11H)KeHHble cnoco6bJ )J.Jl.sl peweHH}l 3TOH 3a)J.a'-IH. O)].HH H3 B03MO)l(FfblX no)J.XO)J.0B C8}13aH C yn­
pow.eHHblM on11caHHeM nepeXOJJ.HhlX npoueccos B peaKTOpe, H nocrpoeHttbte Ha ocHose JToro anro­

pHTMbI OKa.3a.11HCb Jl.OCTaTOYHO 3<p<peKTHBHblMH B OTHOCHTeJlbHO WHpOKOM )J.Hana.30He peaKTHBHOCTH, 

no Kpai1He Mepe s 6bICTpblX CHCTeMax. 

TTpocTeHWHM paCCMOTpeHHblM sapHaHTOM }18Jl}leTC}l CKa'-IK006pa.3HOe H3MeHeHHe peaKTHBHO­

CTH, T.e . MrHOBeHHblH c6poc H3Mep}leMblX CTep)l(Hei:i. B 3TOM c.11yqae J<p<peKTHBHOCTb JJ.eTeKTOpa MO)KHO 
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c4HTillb H3Mewnoi.neHCSl CKa4K0M OT Et JJ.0 E2' H He'f Heo6XOJJ.HMOCTH 3aD.aBaTbC.SI 3a.K0H0M H3MeHeHIDI E . 
so spewi sse,uemui (sb1se,uettH.11) opratta pery;rnposaHID! s peaKTop. B JT0M crryqae B03M0)KH0 c 

noM0J.nblO MeT0,Ua HaHMeHbillHX KBa,upaT0B (MHK) onpe,neneHHe Tpex napaMeTp0B: 

p/~:,4> -=-R2, S2:i4>> Ei/f.t . 

.6onee cno)KHOH /J.fl.SI HHTepnpeTaUHH .imn.HeTC.ll cH1yauID1, K0r,na CTep)KeHb /J.BH)Ke'fC.ll 0TH0CH­

TenI,H0 Me,nneHH0. EcnH npH 3T0M B HattaJlbH0M C0CT0.SIHHJ,f peaKT0p HMeeT nOCTO.SIHHblH ycTaH0-

BHBlllHHC.ll yposeHb M0tnH0CTH HnH ycTaHOBHBlllHHC.ll nepH0/J. pa3r0Ha T = ] / no , TO 3QHpeKTHB-

H0CTb ,Ue'feKTopa E = El = const . KaK xopolllee npH6nIDKeHHe npHHHMaeM H nocne 0K0Hl!aHHJI 

B03Myll(eHH.SI peaKTHBH0CTH E = E2 = const. IlpH pacnono)KeHJm /J.eTeKT0pa HeHTJ)OHOB B Me,UHaH­

HOH nnocKOCTH peaKTopa B aKTHBHOH 30He HTIH c6oey peaKTopa npH sepTHKaJlbH0M Me,nnettH0M 

nepeMei.nemrn: CTep)KH..ll MO)KHO npHH.SITb KaK xopolllee npH6nH)KeHHe, ttTo o6paTHrul senHtt1rna 

Jq>q>eKTHBHOCTH J].e'feKTopa MeH.Sle'l'C.ll nHHeHHO OT Et /J.0 E2 C BBO,UHMOH peaKTHBHOCTblO, T.e. 

E2 /E(t')=E2/E1 +(1-E2 /Ei)(R, -R(t'))/(R
1 
-R

2
) Hm-1 E1/E2 =w+(l-w)u(t'). (2) 

3,necb W=t)c1- napaMeTJ) npocTJ)aHcTseHHbIX 3q>q>eKToB, u(t')=(Ri-R(t'))l(Ri-Ri)- B03-
MO)KHbI H ,upyrHe 3aKOHbl H3MetteHIDI 3q>q>eKTHBHOCTH .l{e'feKTopa, HanpHMep, H3MeHeHHe o6paT­

HOH senHttHHbl 3q>q>eKTHBHOCTH ,Ue'feKTopa mmeirno co speMeHeM BBe,neHIDI opraHa B peaKTop. 

B CO0TBeTCTBHH C 3aKOH0M H3MeHeHIDI E(t')(2) pa306beM HHTerpan B ypasHeHHH (1) Ha TPH 

HHTerpana no 06nacT.11M speMeHH: 1)--oo ... t", r.ne t" - speM.11 Hattana B03M-yll(eHIDI peaKTHBH0CTH; 

2) t" ... ti( B03M-ytneHIDI peaKTHBH0CTH, r.ne ti( - speM.ll K0HUa B03M-ytneHIDI peaKTHBH0CTH; 3) tK . • . t C 

noCTO.SIHHOH peaKTHBHOCTblO R2 npH t > fl(. ,[(eTaJlH Bbll!HCneHIDI 3THX HHTerpanos M0)KHO H8HTH B 

pa6oTe [2]. 
Ilocne 3T0ro )J.JJSI MHO)KeCTBa 3HatteHHH speMeHH lj, C00TBe'l'CTBYJOtnero KOHL(}' j-ro KaHana 

speMeHH6ro aHaJlH3aTopa, B o6naCTH C nOCTO.SIHHOH peaKTHBHOCTblO R2 nonyttHM CHCTeMY nHHeH­

Hb.lX ycnoBHbJX ypasttemrn 

R2 A1 +wB
1
+S2 +C

1 
=0; J=(k+l) ... (k+m) (3) 

c uenblO nonyttemrn napaMeTpos R2, S2 H w = f. 2 / f.t H HX norpenrnocTeii no MHK. lfacno KaHa­

nos m o6bll{H0 OXBaTbIBaeT speM.ll 200 . .. 300 C. 

,[(n.11 nonyqeHH.ll MaCCHBa semtttHH Aj, BJ H CJ npHMeHSIIOTC.SI peKyppeHTH0e C00TH0lllettHe, Ha­

l{aJlbHble ycn0BH.ll H 'iHCna ~ no KaHaJlaM speMeHH6ro aHanH3aTopa [2]. J,fa CHCTeMbl ycn0BHblX 

ypasHeHHH (3) cne.L(y!OT TpH HOpMaJlbHble ypasHeHIDI, H3 K0T0pblX H nony"laJOTC.SI TJ)H HCK0MbIX 

napaMeTpa. ,[(pyrHM B03M0)KHblM no,nxo,noM .11sn.11e'l'C.11 onpe,neneHHe pacYeTHbIM nyreM Mec-ronono­

)KeHH..H .L(ereKTOpa, r.ne E2 / E1 = 1, H nonyqem-1e no MHK .llByx napaMe'l'pOB: R2 H S2. 

HaKOHeu, s p.11.L(e cnyqaes ,noCTaT0l!HO xopOlllHM npH6nIDKeHHeM M0)Ke'f 6bITb ycpe,uHeHHe no­

Ka3aHHH ,Ue'feKTopos, pacnoJI0)KeHHbIX B pa3HblX MeCTax, 0,ntta.KO npH 3TOM, Ka.I< npasHno, Pa3YMHble 

pe3ynbTaTbl M0ryT 6bm noJIY4eHbl npH pacnoJI0)KeHHH ,nereKTOp0B B aKTHBH0H 30He. 

Pe3yJlbTaTbl, noJIY4eHHb1e no MeTO/J.Y OPYK c yqcroM npocTJ)aHCTBeHHhIX Jq>q>eKTos, mrrepecHo 

cpasHJ,fTb c pe3yJlbTaTaMH no TJ)aLJ.HUHOHH0MY MOY npH BHeceHHH s Hero pac'ieTHoro nonpasoYH0-

ro MH0)KHTen.ll Ha np0CTJ)aHCTBeHHble 3q>q>eKTbl, .nn.11 tJero tteo6xo,nHMO HaLJ.e)KH0 pacCYHTblBaTb 

HeifrpOHHble non.11 OT nocT0SlHH0ro BHewHero HCT0LfHHKa HeifrpOHOB. 

2.1. l13MepeHWl 1-1a cme1-1oe MASURKA. XopollleH HnJIIOCTpauHeH pellleHHSl 3aLJ.a'iH yYeTa 

npocTpaHCTBeHHblX 3cpq>eKTOB npH H3Mepemrn peaKTHBHOCTeH Ha 6b1CTpblX peaKTopax M0)KeT no­

cny)KHTb pa6oTa Me)K/J.yttapo,nHoro KonneKTHBa [3] CWA, <DpaHUHH, Pocc,rn. B tteH npe,ncrasne­

HbI pe3ynbTaTbl o6pa60TKH nepBHLfHblX )l.aHHblX TpeMSl HayqHblMH rpynnaMH no CB0HM nporpaM­

MaM, nonyt.teHHblX Ha c6opKe MASURKA. C6opKa xapaKTepH3yeTCSl secbMa 6onbWHMH npo­

cTpaHCTBeHHbIMH 3cpq>eKTaMH npH c6poce CTep)KHeH ( f.2 / f,t .no 0,6) npH HX 3cpq>eKTHBHOCTH He 
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6011ee 1,2 pJ<j> . Ee aKTHBHru:t 30Ha co.uep)Kj,ff 
239Pu H 

238U. lleTb1pe crep)KIUI c6pacbIBaJTHCb noo1.1e. 

pe.UHO 8 aKTHBHOH 30He B TO'IKe £I, OTCTORmei:i OT u,eHTpa aKTHBHOH 30Hhl Ha ~ .use TpeTH ee 3cp. 

cpeKTHBHOro pa.ueyca. .D:eBRTb .UeTeKTOpOB pacno11araJTHCb B pa.3Hb(X MeCTax aKTHBHOH 30Hl,t 

(A ... L). 3To BF3, 
3
He-clfeT'IHKH H KaMepb1 .ue11eHHR. 3cpcpeKTHBHOCTH cTep:>KHew: 1,2; 0,8; 0,5 11 

0 25 P:><1>- HalfaJTbHOe cocTORHHe c6opKH - KpHTHlfecKoe npH MomHocTH 200 BT. HapR.UY c MeTo­

.uaMH OPYK 3cpcpeKTHBHOCTH cTep:>KHeH nol1)'4ettbt H no MO.UHq>HI{HpOBa.HHOMY MOY c np1,rn11e4e. 

HHeM paC4eTHoro nonpaao•rnoro MHO)KHTeJIR IIMMoy = (p/p0 )(n/n0), r.ue Po H no- KaJT116poao1.JHb1e 

peaKTHBHOCTb H Cl.feT .UeTeKTOpa, COOTBeTCTBeHHO, a p H n - 3TH )Ke BeJTHlfHHhl .llJlSI HHTepecy10r.ne­

ro COCT05!HH5! peaKTopa. B Ta6JT. I H 2 npeJlCTaBJTeHbl 3HalfeHIDI IIMMoy H OTHOWeHHSI €2 / E, = w 
.llJ15! OPYK H COOTBeTCTByJOmHe HM 3cpcpeKTHBHOCTH, ITOJ1)'4eHHbie TpeM.!I rpynnaMH aBTOpOB .LU1J1 

cTep)Kllil B 1 . 

T a 6 JI H u a 1. TiapaMeTJ)bl npoc-rpaHCTBeHHblX 3<pcpeKTOB, onpe.neneHHblX CTaTH"leCKHM 
(ITMMoY) H .KHHen1tJeCKHM (w) MeTO.naMM 

MeTO.n 
.[(eTeKTo p 

A B C D E F G I L 
ITMMoY 0,685 1,020 1,130 1,045 1,065 0,745 0,575 1,105 I, 130 
KA3 0,71 * 1,0 I 1 10 1,04 1,01 0,71 0,61 1,03 I, 11 
<1>311 0,701 * 1,017 1,078 1,040 1,003 0,695 0,593 0,032 1,120 
ANL 0,709* 1,040 1, 122 1,073 1,020 0,731 0,623 1,057 1,108 

* OrnorneHHe Jq><peKTHBHOCTeH .n.ru1 OPYK (w) 

Ta 6 JI II u a 2. 3d>d>eKTHBHOCTH cTeP)KWI Bl, non~eHHbte no MeTO.naM MOY H OPYK c )"-1.eT0M w 
c:{ 
0 

A B C D E F G I L p,% cr, % I-
(I) 

~ 

MOY 565,9 584,0 582,5 568,2 580,3 570,5 555,7 565,5 578,5 572,3 1,7 
KA3 594 569 570 575 567 569 573 571 579 574 1,5 
ANL 598,0 591, I 583,7 595,6 580,3 594, 1 585,6 587,7 580,1 588,5 I , I 
<1>311 580,5 577,4 556,2 574,8 561 ,4 566,9 556,8 560,5 58] ,5 568,4 1,8 

vb Ta611. l H 2 CJTe)lyeT: 

- nonpaBOl.fHhle MOY-MHO)KHTeJTH Ha npocTpaHCTBeHHbte 3cpcpeKTbl COCTaBJTRIOT BeJIHl.fHHbl OT 

0,57 AO I 13; 
- yt-reT npocTpaHCTBeHHblX 3cpcpeKTOB B MeTO,nax noHH)KaeT Heonpe,neJTeHH0CTH noJ1y1.JaeMOH pe­

aKTHBHOCTH JlO BeJlHl.fHHbl He 6011ee 1,8 %(la) no .ueBSITH .UeTeKTopaM y acex Tpex Hay"!HblX 

rpynn. 

norpeWHOCTH pe3yJibTaTOB H3MepeHHH MeTO,llOM MOY 06yc110BJieHbl norpewHOCT.!IMH JTa­

JlOHHOH peaKTHBHOCTH, cKopocTH clfeTa H nonpasolfH0ro MOY-MHO)KHTeJJR. Y'leT JTHX c11arae­

MbtX npHBOJlHT K HTOfOBOH norpewHOCTH ~ 5 %. 
2.2. JfJMepeHUR 11a peaKmope EH-600. ITpH H3MepeHHH peaKTHBHOCTH Ha peaKTope EH-600 

He06XOJlHMO 6bJJ10 npHHHMaTb BO BHHMaHHe, 4T0 see .ueTeKTOpbl pacno11arat0TCSI npaKTH"leCKH 8 

OJlHOH T04Ke no OTHOllJeHHIO K aKTHBHOH 30He. Xorn npoCTpaHCTBeHHhie 3cpcpeKTbl B 6blCTpbIX pe­
aKTopax H He TaKHe 3Ha4HTe.JlbHbte, KaK B THITWIHbfX peaKTOpax Ha TeITJT0BbfX HeHTpOHax, HX BJlIDIHHeM 

HeJTb35! npeHe6peraTb: THITH"!Ha.!I norpewH0CTb npH H3MepeHHH 3cpcpeKTHBHOCTH nep11cpepHHHblX 

KOMneHCaTopoB COCTaBJT.!IJTa L{eC5!TKH npou.eHTOB npH HCIT0J1b30Ba.HHH TOlfe"IHOH M0L{eJJH KHHeTHKH. 
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□pH o6pa6oTI<e KpHBbIX cqe-ra HeITTpOHHbIX lleTeKTOpoB C u;em,10 norryqettmr pea.KTHBHOCTH peaK­

ropa c }"-leTOM npocrpaHcrseHHhrx :xpcpeKTOB npHMeIDIJIHcb cne.czyiol.I(He npH6mo1<emu1: 

• onpe,D.eneHHe 3-X napaMeTpOB: p/~3Cj, , S3Cj, , E2 / E1 npH "MrHOBeHHOM" c6poce CTep)l(llil; 

• onpe.n.eneIDte 3-x napaMeTpOB npH Ja,l{aHHOM 3aKOHe H3MeHeHIDI 3Cpq>eKTHBHOCTH lleTeKTOpa E(t) 
npH 011-IOCHTeJll,HO Me)llleHHOM BBelleHHH CTep)l(llil B peaKTOp; 
• onpe.n.eneHHe 2-x napaMerpoB p/pl<j> H SJ<j, npH sse.n.emrn pao-1eTHoii nonpasKH c/ E1 ; 

• lpallHllHOHHoe HCTIOJib30Bamte MOJJ.HQJHI.lHpoBaHHoro MOY. 

B pMe CJiyt1aeB 3aK0H H3MeHettmr E(t) HMeJI BHll KpHBbIX C MaKCHMy-MOM HJIH MHHHM)'MOM (pacqenn,1e 

KpHBble) npH ropu:eB0M noJIO)Kemm ,ZJ.eTeKTOpa. 

lhMepeHHSl 3qJ<peKTHBHOCTH OllHHOl.JHblX CTep)KHCH CY3 CTOKa3aJIH HaJIHtJHe ,UOCTaTOIIHO 

CHJlbHblX npocTpaHCTBeHHbIX 3q>qJeKTOB, npHBO,U.SUIUfX K H3MCHCHHJO 3cpcpeKTHBHOCTH ,UeTeKTOpa 

1-1 COOTBeTCTBeHHO ITORBJICHHIO 6oJibIDHX CHCTeMaTH"l{eCKHX norpeUIHOCTCH npHMelUICMb]X MeT0-

llHK. McKJIIOlfHTb 3TH norpemHOCTH YllaJIOCb JlHlliJ, npH H3MepeHIDIX 3qJ<peKTHBHOCTeH OTJleJll,HbIX 

CTep)KHeH, HCIT0Jlb3YR aJir0pHTM C yt1eTOM H3MeHeHIDI 3q>cpeKTHBHOCTH ,UeTeKTopa. 

OnbIT npHMCHCHHR. ynOMR.HYfbIX Bblllie aJiropHTMOB npH H3MepeHHJI 3cp<peKTHBHOCTH opra­

HOB CY3 peaKTopa EH-600 H 6b1cTpb1x KpHTc6opoK EC!>C OKa3aJICR .nocraTOqJiO y.n.aIIHbIM. ,l(Hana-

30H npHMeHeHHSl TaKHX MeT0llHK llOCTaIOl.JHO urnpoK: ,ZJ.O MHH)'C 6 . .. 10 % ¼, npH 3TOM llOITo.morreilb­

HaR CHCTeMaTHtieCKaR norpeIIIHOCTb, CBS[3aHHaR C BJIIDIHHeM npocrpaHCTBeHHbIX 3qJ<peKTOB, KaK npa­

BHJIO, He npeBbIIIIaeT 5 ... 6 % (B TO BpeMS[ KaK HCil0Jll,30BaHHe TOIIetIHOH MO,ZJ.eJIH KHHeTHKH npH­

BOllHT K CHCTeMaTHtieCKHM norpeUIHQCTS[M B llecRTKH npou:eJ-IT0B ) . 

OcHOBHble COCTaBJUUOll.\He norpemHOCTH (lcr) 3cpq>eKTHBHOCTH CHCTeMbJ KOMTieHCaI.J,HH o6y­

CJI0BJleHbI: norpelllHOCTR:MH napaMCTpOB 3H (a,, A,), KOTOpbie ,UaIOT CYMMapttyIO OTHOCHTeJibttyfO 

norpeUIH0CTb OT 1,5 ,ZJ.O 4,5 % B 3aBHCHMOCTH OT semft.JHHbl H3MepsreMOH peaKTHBHOCTH; CTaTH­

CTHlfCCKHMH q>rryKryaQH51.MH T0Ka HOHH3aQHOHHOH KaMepbl H norpeUIH0CTKMH npeo6pa30BaHHR 

c1-trHaJI0B 3JieKTpOHHOH annapaTypoii (.n.o 1 % ); norpellIHOCTbIO pao-1e-ra PJ<i> rrpH nepexo,ne K pe­

aKTHBH0CTH, Bblpa)KeHHOH a npou:eHTax M / k ( ~ 4 % ) ; CHCTeMaTINeCKHMH norpernHOCTRMH 

npHMelUleMbIX MeT0.UHK, HeyqTeHHblMH B npouecce onpelleJieHHR 3q><peKTHBHOCTH CHCTeMbl KOM­

neHcaum1, H norpellIH0CTRMH npHMeHReMbIX pacl.feTHbIX K03<pq>H1..lHeHTOB (llO ~ 3 %). 
OITHweM peaJIH3a.I.000 rrpHeM0B ytleTa ITJ>OCTPaHCTBeHHbIX 3cp<peKTOB npH onpelleJieHIDf 3<pcpeK­

THBHOCTH CHCTeMbl H3 18-TH KOMTieHCHp}'IOD.{HX CTep)KHeH Ha peaKTOpe EH-600 [4], Ha3BaHHOH CHC­

TeMOH KTI-TK (KoMnettcHpYJOll.\HH naKe-r-reMTieparypHbrn KOMTiettcarop). ~ peUieHIDI. JTOH Ja,l{a"l{H 

HCIT0Jlb30BaJICR PM MeTOllOB H3MepeHmr peaKTHBHOCTH. Pe3yJibTaTbl npHBe)leHbl B Ta6JI. 3. 

Ta6JJHU3 3. 3<l><l>elITTIBHOCTb CHCTeMbl c-rep)f(HeH KTT-TK 
Mero.n HJMepeHIUI ~ , % % Afc / k 

80CCTilHOBJ1eHHe no rpa,llynpoBOlfHOi1 xapaicrepHCTIIKe 7,83 ± 0,31 5,91 ± 0,31 
Mero.n no.nyc}'MM 7,94 ± 0,31 5,99 ± 0,32 
C)'MMa o.nnttottHhIX crep)f(HeH c sse.nettneM nonpasKH Ha mrrep- 7,58 ± 0,29 5,72 ± 0,30 
<f>epemouo 
l13MepeHHe Ha 30He C MHHHMaJibHOH KplfTHl'leCKOi-i Maccoi-1 7,47 ± 0,39 5,04 ± 0,28 
C)'MMHJ)OBaHHe no TpeM 'iaCTIIM 8 16 ± 0.42 6,16 ± 0,33 
Pacqenioe JHa'ieHHe - 6,30 

□pH pR,ne H3MepeHHH ,naT'JHKaMH )];JIR UH<pposoro peaKTHMe-rpa CJl~HJIH WTaTHhie KaMepbl 

,ZJ.eJieHHR (pacnOJIO)KeHHble 3a 6aKOM peaKTOpa) H KaMepbJ lleJieHHR nycKOBOH annaparypbl, pa:3-

MemeHHble Ha,n sepXHHM TopueBblM 3KpaHOM aKTHBHOH 30Hbl. 3-ro )l,aBaJIO 803MO)KH0CTb ou:eHHTb 

3cpcpeKTHBHOCTb npHMeHReMblX aJiropHTMOB. 
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l.fTO )Ke KacaeTCjf Henocpe,nCTBeHHOrO H3MepeHKjf 3cpcpeKTHBHOCTH CHCTeMbl CTep)f(Heij_ 

KTI-TK np11 ee .l(BH)Kem,rn, KaK 3TO ,nenanocb B MeTo,nax BoccTaHOBJieHHjf no rpa.ny11poBO'-IHOH 
xapaKTepHCTHKe H cyMMHpOBaHHjj no TPeM 4aCTKM, TO H B 3TOM cnyqae Heo6XO.llHMO BBe,neHue 
COOTBeTCTBy10w.ei1 paC1IeTHOH nonpaBKH Ha H3MeHeHHe 3cpcpeKTHBHOCTH .neTeKTopa. 

IlonpaBKH paCC1IHTblBaJIHCb Ha OCHOBe JJ.ByMepHOH MO.lleJJH peaKTOpa 6H-600 s (r, z)­
reoMeTpHH npH CHHXpOHHOM BBe,nemrn B aKTHBtty!O 3Otty .nsyx KOneu KOMneHCHPYIOW.HX CTep)f(­

HeH 3a speMsi ~ 200 c, lffO cooTBeTCTBOBaJIO peaJibHOH o6cTaHOBKe Ha peaKTope. Pac4eTbI, npoBe­
JJ.eHHble B .nsyxrpynnOBOM np116mrncemrn no nporpaMMe ,DJ-IECTP [5], n03BOJIHJ1H Bb14HCJIHTb 113-
MeHeHHe 3cpcpeKTHBHOCTH J].eTeKTOpOB: J].JUI UITaTHoro MeCTa pacnoJIO)KeHIDJ HelfTpOHHbIX )leTeKTQ­
poB MKHHMaJlbHOe H3MeHeHHe 3cpcj:>eKTHBHOCTH .neTeKTOpa COCTaBJIS!eT ~ 12 %. 

Onb1T H3y4eHHjj 3cpcpeKTHBHOCTH CHCTeMhI cTepJKHeH KII-TK Ha peaKTope 6H-600 nOKaJan, 
4TO Ha116onee 3KOHOMHl.f.HbJH no JaTpaTaM BpeMeHH H y,no6HbIH H3-3a MHHHMaJibHblX OTKJIOHe­
HHH OT pernaMeHTa - 3TO MeTOJ]. onpe,neJieHHSI 3cpcpeKTHBHOCTH CHCTeMbf K0MneHCaulIB C HCnOJib30-
saHHeM ee rpaJ].yHpOB01IHOH xapaKTepHCTHKH, a TaK)Ke no 3q>cpeKTHBHOCTH OJ].HHOl.f.HbIX CTep)K­
HeH Kll-TK. 

2.3. H3MepeHUJl Ha c6opKe E<!JC-62-3. HapR.ny c npocTpattcTBeHHhIMH 3q>cpeKTaMH norpew­
HOCTH H3MepsieMOH peaKTHBHOCTH B 3Ha4HTeJibHOH Mepe onpeJ].eJUIIOTCR H norpewHOCTRMH napa­
MeTp0B 3H TOH HJIH HHOH CHCTeMbl. B CBH3H C 3THM B03HHK Bonpoc BbI6opa Ha116onee aJ].eKBaTHOH 
cucTeMbt KOHCTaHT 3H .llJISI MeTo.na OPYK Ha EH-600. B Ka4eCTBe HJIJI10crpau1-rn rrpeJJ.cTaBJIRIOT 
HHTepec 3KcnepHMeHTbl Ha KpHTH"leCKOH c6opKe E<l>C-62-3. 

C6opKa npe.ncraBJIHJla co6oi1 nonHoMaCUITa6ttylO Mo.nenb rn6pKJlHOH JOHhI peaKTopa EH-
600. bOKOBOH ee OTpa)f{aTeJib BbinOJIHeH B ceKTope 120° HJ Hep)l(_aBe10me11 CTaJTH. B cocnrne aK­
THBHOH 30Hbl C60pKH 235U, 238U H 239Pu C BKJia)laMH 0,6206; 0,3175 H 0,0619, CO0TBeTCTBeHHO, B 
3cpcpeKTHBtty!O .non.10 3H. 

J13MepeHHR npose.neHbl TPeMSI TOKOBblMH KaMepaMH KHK-56, pacnoJIO)KeHHblMH Ha Kpa!O 60-
K0BOro 0TpIDKaTeJIH 4epe3 ~ 120°. l13MepHJiaCb, B 1IaCTHOCTH, 3cpcpeKTHBHOCTb ueHTPaJlbHOfO Ma-

KeTa KOMneHCHPYIOW.ero CTep)KHSI. Ilony4eHHbte speMeHHhie 3aBHCHMOCTH o6pa6aTbIBaJ1HCb no 

MHK c onpe.neneHHeM TPex napaMeTpoB - R2 S2 w w , np11MeHRS1 napaM~bI 3H no cucTeMaM 

EHAE-78, 6HA6-89 H ENDF/B6. IlapaMeTpbt a, pacc4HTbIBaJIHCb no nporpaMMe TRIGEX [6]. 

ITony1IeHHble pe3yJibTaTbl npeACTaBJieHhI B Ta6JI. 4. 
T a 6 JI H u. a 4. TTapaMeTpb1 R., Rz no 

pa3HblM CHCTeMaM 3H JI.JI.SI ueHTpaJibHOfO 

MaKeTa KOMneHCHOVJOIUero CTep>KH.11 

C11cTeMa Ri , %P:><1> Ri,%~:><j, 

6HA6-78 6,13 ± 0,04 -46,85 ± 0,26 
EHAE-89 6,07 ± 0,04 -45,61 ± 0,44 
ENDF/B6 5,38 ± 0,04 - 37,08 ± 0,80 

B Ta6JI. 4 R, - peaKTH.BHOCTb peaKTopa B COCTOR­
HHH pa3rOHa nepe.n onycKaHHeM CTep)KHH, R2 - peaK­
THBHOCTb nocne onycKaHH_jf CTep)KHH. IlorpeUIHOCTH 

no OCHOBHOMY napaM~Y Is onpe.ueneHhl KaK cpe)J,HHe 

no TPeM KaMepaM cpeJJ.HeKBaJJ.paTH"!ec1G1e norpeurno­
CTH O,llHOrO (H3 TPeXCOT) 3Ha'-leHHH peaKTHBHOCTH. 

KpHTepHeM npe,D,nO'-IHITeJibHOCTH CHCTeMbl npHID!Ta MHHHMHJaUHSI OTKJIOHeHHH 3KcnepH­
MeHTaJlbHOH KpHBOH cKopoCTH c4e-ra ,LJ,eTeKTopa OT KpHBbIX, nony4eHHbIX no MHK, T.e. cyMMa 
KBa.upaTOB HeBH30K np11 HCITOJlb30BaIDIH napaMeTpOB 3H TOH HJIH HHOH CHCTeMbl. 3-ro B CBOIO 
oqepe)J,b npHBO,lJ,HT K MHHHMHJaUHH norpelllHOCTH onpe,lleJijjeMOH peaKTHBHOCTH. 

1'13 Ta6JI. 4 811,lJ,HO, '-ITO npe.uno4THTeJibHOH nonyYHJiaCb CHCTeMa BHA.6-78 C HaHMeHbllIHMH 
norpeUIHOCTHMH onpeJJ.eJrneMblX napaMeTPOB. O6paw.aeT Ha ce6si BHHMaHHe CHCTeMa ENDF/B6, 
.11.aswasi Ka'-leCTBeHHO HesepHbIH pe3yJihTaT ,lJ,Jljj napaMeTpa w: OH MeHhllie 1, a ,lJ,OJI)KeH 6bITb 60Jib­
we I npH H36paHHOH reoMeTPHH 3KCnepHMeHTa . .D,pyrne CHCTeMbl napaMeTpOB 3H, no-BH,lJ,HMOMY, 
3aHMYT npoMe*YT0'-IHOe nOJIO)KeHHe cpe,D,H rpex paCCMOTpeHHh[X CHCTeM. AHaJIOrH'-IHbie pe3yJib­
TaTbl nonyYeHbl 11 ,lJ,Jl ji ,D,pyrnx nOJIO)KeHHH nornow.aiow.Hx CTep)f(HeH. 

Mo.uHcj:>HKallHR MeToJJ.a OPYK c yl.f.eToM npocTPaHCTBeHHbtX 3cpcpeKToB np11MeID1nacb TaK)Ke 
Ha c6opKe cTeH,LJ,a MA TP-2, MOJJ.en11py1ow.e11 peaKTop BB3P-1000. HJMepHnacb peaKTHBHOCTb B 
llIHpOKOM J].HanaJOHe (.D.O -20 p3<j> ), OJ].HaKO aHaJ1113 pe3yJibTaTOB ew.e He 3asepweH. 
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3aKJIIO'ICHHe 

I. B Tet.feHHe p.s1,l1,a JJeT B <I>3M npOBO,lJ,HTCSI OTpa60TKa MeTO,l],HK H3MepeHIUl peaKTHBHOCTH B 

ycJJOBmlX BJJH.slHHSl npocTpattcTBeHHbIX 3cp<peKTOB rnaBHblM o6pa30M, npHMeHJffeJJbHO K 6bICT­

pbIM CHCTeMaM. ITpH 3TOM B Ka4ecrne KOHTp0JJbHOfO 3KCnepHMeHTaJJbH0fO MeTO,l],a HCITOJlb3YeTCSI 

HMnyJJbCHblH HeHTJ)OHHblH MeTO,l],, OCHOBaHHblH Ha H3MepeHHH aCHMITTOTH4eCKOfO .neKpeMeHTa 

3aryxaHID1 MfHOBeHHbIX HeHTpOHOB. 

2. ,[{ocTaT04HO HHTepeCHblM SIBJJSleTC.sl cpasHeHHe MeT0.L(HK y4eTa npoc-rpaHCTBeHHblX 3cp<peK­

T0B, npHMeH.sleMbIX B pa3JJHqHbIX JJa6opaTOpHSIX. B 4aCTHOCTH, Jl]Ul 3T0ro HCIT0JJb30BaJJHCb 3Kcne­

pHMeHTbI, npoae.n;eHHbie Ha cppam_zy3CKOM cTeH.ne MASURK.A. B cpasHemrn yqaCTB0BaJJH -rpH 

na6oparopHH: Ka.D.apaw (<I>paHQH.s1), AproHcKaSI Ha.I.{HoHanbHaSI Jla6opaTopHsi (ClllA), <1>311. ITpH 

o6pa6oTKe pe3yJlbTaTOB npHMeIDIJJHCb cne.LzyJOw;He MeTO.LlHKH: 

- OPYK Ha octtose T04e4HOH MO.D.eJJH KHHeTHKH; 

- MO,lJ,Hq>HQHpOBaHHblH MOY C BBe.n;em1eM paC4eTHblX nonpaBOK no npe)].BapwreJJbHO BepH<pHQH-

poaaHHblM nporpaMMaM; 

- ycpe.l].HeHHe pe3yJJbTaTOB, nonyqeHHblX .LI;JljJ ,l],eTeKTOpOB B aKTHBHOH 30He; 

- OPYK C HCITOJlb30BaHHeM paC4eTHbfX nonpaBOK Ha npoc-rpaHCTBeHHbie 3cpcpeKTbI; 

- OPYK C onpe.neJJemteM nonpaBOK Ha npoc-rpaHCTBeHHbie 3cpcpeKTbl H3 0.!(IDfX KpHBblX cna,n,a 6e3 

npHMeHeHH.sl paCt.feTHOH HHq>OpMaQHH. 

BecbMa nepcneKTHBHOH OKa3aJJaCb nocne.LI;HSISI H3 HCilOJlb3yeMblX. MeTO.LlHK, KOTOpaSI B .!(aJJb­

HeHllleM H npHMeH.slJlaCb B 3KCnepHMeHTax Ha KpHTc6opKaX H peaKTope EH-600. 

3. KoHCTJ)YKUHSI peaKTopa EH-600 TaKOBa, 4TO Bee HeH-rpOHHbJe .n;eTeKTOpbl pacnoJJO)f(eHbl B 

0,l],HOH T04Ke no OTHOWeHHIO K aKTHBHOH 30He, IT03TOMY Heo6XO.L(HMO 6bIJJO HaHTH cnoco6br yqe-ra 

npoc-rpaHCTBeHHblX 3cpcpeKTOB npH H3MepeHH.H peaKTHBHOCTH B npHMeHeHHH K OT.!(eJlbHOMY ,IJ,e­

TeKTopy. ITpe.L(JlO)f(eHHbie anropHTMbl Bbl4HCJJeHH.sl peaKTHBHOCTH HMelOT .L(OCTaTO4HO urnpOKHH 

,IJ,Hana30H, B CJJy4ae 6bICTpbIX CHCTeM .no ~ 10 f33Cji, npH 3TOM OCTaT04HaSI CHCTeMant4eCKaSI no­

rpeWHOCTb COCTaBJUleT OKOJI0 5 %. 
4. OnbIT npHMettemrn HaH,LleHHblX ITO,IJ,XO,l],08 Ha peaKTopax THna BB3P Il0Ka3bIBaeT, 4TO npH 

H3MepeHHH .LI;OCTaToqHo 60JJbWHX OTpHUaTeJJbHblX peaKTHBHOCTeH Heo6XO.!(HMO .!(aJJbHeHll.lee co­

BepweHCTBOBaHHe HCilOJlb3yeMbIX MeTO,l],"HK. 

KoHmaKmHOR CBJL3b - Mam6eeHKO 11zopb lla8JI06U'-i, men.: (48439)9-82-13; rj)aKc: (48439)9-89-77; 
e-mail: matveenkorciJ,ippe.ru: LlloKOObKO A11eKceii Tpuzopbe6U'l, men.: ( 48439)9-49-03 
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Y,[(K 621.039.5 
CosepweHCTBOB3HHe MeTO,llUKH onpe,lleJJeHUH naposoro KOJ<f><l>HU:HeHTa 

peaKTHBHOCTH PEMK 

A.A. bllflbtzu11, <I>fY PHU, " KypYaToscKHH HHCTHT)'T", 123382, MocKBa, nn. KypYaTosa, I, 
H.<I>. Mouceea, OAO "BHI1MA.3C", 109507, MocKBa, <I>epraHCKM y11., 25 

PaccMa-rp1IBaeTCSI aJlbTepHanlBHhlH MeTOn o6pa6oTKH )KCnepHMeHTanbHhIX nattHblX npH H3MepeH1111 
napoaoro K03cpcjnu.1,11eHTa peaKTHBHocrn (TIKP) PEMK. f1peJ1JiaraeMblH Mern.n no3som1eT cyw.ecTBeHHo 
CHHJHTb 3aBHCHMOCTb pe3y11bTaTOB H3Mepemrn OT 3HaKa BO3MylUeHIUI pacxo.na IHITaTeJJbHOH BOJU,I H Aaer 
BO3MO)l(HOCTb MHOrOKpaTHO yMeHbWHTb OTHOCHTeJTbttylO norpeWHOCTb H3MepeHID! TIKP. 

Advanced method of voiding reactivity coefficient measuring for RBMK. A.A. Balygin, I.F. 
Moiseev. Alternative method of voiding coefficient measuring is observed. This method gives possibility to 
appreciably decrease measuring results dependence from sign of feed water flow rate perturbation and de­
creases experimental error of voiding coefficient value. 

Cnoco6 onpe.ne11eHHS1 fIKP B P.6MK, HCnOJ1b3yeMblH B HaCTOSll.llee speMSI, on11caH B [1] Hoc­

HOBaH Ha H3ytieHHH OTKJlHKa peaKTOpa Ha BHOCHMOe B03M-yIUeHHe no TIJJOTHOCTH TeTIJJOHOCHTem, 

nyreM H3MeHeHHSI pacxo.na nHTaTeJJbHOH 80.llbl, OCYI.J.leCTBJl.!leMoro )J.HCTaHUHOHHO 33,llBIDKl<aMH 

nHTaTeJlbHbIX Y3J10B. O6bl'-IHO H3MepeHHe ITKP COCTOHT H3 TpeX UHKJlOB B03M-yIUeHHH pacxo,na 

nHTaTeJlbHOH BO.LJ.bl + 200/-400 TI Yac, pa3.ne11eHHhlX 3H3LfHTeJ1bHblM npoMe~KOM speMeHH (He­

CKOJlbKO MHttyT) C npoMe~oqHOH CTa6HJ1H3au11eii napaMeTpOB peaKTopa. B03MyIUeHH.!I no pac­

xo.ny mtTaTeJihHOH. 80)].bl B paMKax O)J.HOro UHKJla pa3.nemUOTC.!I npHMepHO .nsyxMHttyTHblM HHTep­

BaJlOM. 

OpH H3MeHeHHH pacxo.na nHTaTeJlbHOH 80.IJ.bl MeffjleTCSI BeJlH'-IHHa ue.norpesa TenJ10H0CHTeJ1.11 

.no TeMneparypbl HaCbil.lleHH.11, 1-ITO npHB0.llHT K H3MeHeHHIO aKCHaJlbH0ro npoqrnm1 napoco.nep:>Ka­

Hl-UI (~(j)ne), ITpe.nnonaraeTC.11, 'ITO BHeCeHH0e TaKHM o6pa30M H3MeHeHHe peaKTHBH0CTH KOMneu­

CHpy eTCSI Ha HHTepsa11e - 2 MHH B pe3yJ1bT3Te 113MeHeHI-UI TenJIOBOH M0IUH0CTH peaKTopa (~W) H 

nepeMew.eHH.11 CTep)t<HeH HHTerpaJlbH0ro HJl(,f Jl0KaJlbH0ro aBT0M3THYeCKHX pery11.11T0p0B M0IU­

H0CTH (AP, JIAP). 3TOT speMeHH0H HHTepsa11 Bb16paH c yYeT0M cne.ny10mHx <paKTopos : 

I ) paCTSlttyT0CTb BO speMeHH BHeceHH.11 B03Myl.lleHIDI - H3MeHeHHe pacxo.na nHTaTeJlbHOH B0)J.bl 

np0HCX0)J.HT He MrHOBeHH0, a Ha speMeHH0M HHTepsa11e nop.11.11.Ka IO c; 

2 ) pa3Mb!T0CTb 33.llep)KKH nocryn11eHH.11 B aKTHBttyJO 30HY TenJl0H0CHTeJISI C H3MeHeHHOH TeMnepa­

rypoii (30 .. .40 C )J.JlSI KaHaJl0B C pa311H'-IHOH )J.JIHHOH HIDKHHX B0)J.SIHbIX KOMM)'HHKaUHH H pa3Hb1M 

pacxo.noM TenJl0H0CHTeJISI B HID(); 

3) Heo6XO.llHMOCTh Bbl.IJ.ep)KKH 35 . . . 50 c )J.JlSI nom1oro np0SIBJleHHSI 6bJCTpOH o6paTHOH CBSl3H no­

CJle 0K0H-YaHHR npouecca H3MeHeHHR ~(j)ne• 3TO cocTaBJ1.11eT eme 3 ... 4 xapaKTepHbrX nepHo.na spe­

MeHH L pe11aKCaUHH TB3Jla. B [ 1] .naHH3SI seJ1H'-IHH3 npe.nno11araeTCR paBHOH 12-TH C. 

OepBOH3'-laJlbHOe H3MeHeHHe napoco.nep)K3HHSI ~(j)n8 npHB0)J.HT K H3MeHefUllO pa3MHO)KaJO­

l.llHX CBOHCTB cpe.IJ.bl, T.e. BB0,ny onpe.ne11eHHOH peaKTHBH0CTH, Bbl3b1Brul H3MeHeHHe M0l.llH0CTH 

3 HeproBbJ)J.eJieHHSI B TOnJIHBe, C00TBeTCTBYJOl.llee H3MeHeHHe TeMneparypbl T0flJlHBa H .non0JlHH­

TeJlbH0e H3MeHeHHe napoco.nep)K3HHR (~<pw), B paMKax MeTo.na MaJlblX B03MYl.lleHHH C xapaKTep­

HblMH H3MeHeHH.!IMH pacxo.na nHTaTeJibH0H 80)].bl 0K0J10 I 00 T/Yac 3H3K B03M-yIUeHH.!I K3)1(.IJ.b!H pa3 

Bb!6HpaeTC.!I T3KHM o6pa30M, '-IT06bt H3MeHeHHe M0l.llH0CTH peaKTopa OCTaBaJl0Cb B npe.ne11ax "KO­

p11.nopa HeLfYBCTBliTeJlbHOCTH" AP. TeM caMblM y.naeTCSI H36e)KaTb nepeMemeHH.11 pery11Hpy10mHX 

CTep>t<HeH. B 3T0M c11yyae M0)KHQ 3anHCaTb c11e.ny10mee ypaBHeHHe 6a11attca peaKTHBH0CTH: 

(l) 
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r.D.e Clw = a,aT/oW + a; acp/oW - 6bICTJ)bIH MOlllHOCTHOH K03<pq>HUHeHT peaKTHBHOCnt ; a:, a.;­
fTKP, COOTBeTCTBYtOlllHe aKCHaJlbHbIM npo<pHJUIM A<p0 8 H A<pw, COOTBeTCTBeHHO; a, - TOruJHBHbIH 

TeMneparypHblH K03<pq>HUHeHT peaKTHBHOCTH; Poer - OCTaTOlJHaJI senwrnHa peaKTHBHOCTH B KOH­

ue BpeMeHHOfO 11HTepBaJia (6mf3Ka K ttymo); PHa'l - Ha4aJibHaJI BeJIH4HHa peaKTHBHOCTH (6mt3Ka K 

Hymo); T- TeMneparypa TOmrnaa; AW- H3MeHeHHe TeruJOBOH MOLUHOCTH peaKTopa. 

3.D.eCb BIDKHO OTMeTHTb, 4TO BeJIW-IHHbl a: H a; He paBHbl .upyr .D.pyry, TaK KaK HM COOTBeT­

CTBYtOT pa3Hble aKCHaJibHbie npo<pHJIH Acp. CB.Sl3b Me)KJO' aKCHaJlbHblM npoq>HJieM .:1cp, 3aBHCSIUll1M 

OT cnoco6a C03,UaHH.SI B03MyllleHH.SI no ruJOTHOCTH TeruJOHOCHTeJISI, H semtl{HHOH ITKP no.D.p06Ho 

paCCMOTJ)eHa s pa6oTe [2]. Cornactto pact.JeTHblM oueHKaM semtlfHHa a: CHCTeMaTH'-leCK.H BbIWe 

BeJIH'-IHHbl a; npHMepHO Ha 0,4 ... 0,5 ~- B Ta6JI. I npe,UCTaBJieHbl COOTBeTCTBYtOLUHe pe3yJibTaTbl 

.um1 p.si.ua cocT051HHH I 3Hepro6noKa CA3C 3a nep1-10.u 2003 ... 2007 rr. 

T a 6 JJ H u a 1. Pac'-leTHhte oueHKH a:• H a; no KOJlY STEPAN 

)la-ra 15.12.03 15.01.04 14.04.04 19.07.05 18.10.05 06.03.06 05.07.06 15.09.06 15.06.07 15.10.07 

a"" P ' , 0,43 0,50 0,47 0,40 0,51 0,44 0,52 0,56 0,59 0,62 

a" p . ' --0,09 0,0 --0,07 --0,07 0,06 0,05 0,08 0, 18 0, 16 0, 15 

C YlfeTOM Toro, LfTO AWdcp!aw = l1<pw H nOJIHOe H3MeHemte napoco.uep)KaHH.SI .:1cp = Acpna+ l1<pw, 
ypaaHeHHe (I) MO)KHO nepenHCaTb B BH,Lle 

PHaq + ¥<p + a,.:1WdT/oW= PocT, (2) 
r.ne 

(3) 

YpaBHeHH51 (1) H (2) 3anHCaHbl .D:JIJI KOHUa HHTepBaJia, Ha KOTOpOM npaKTHqecKH noJIHOCThtO 

np051BJI.SleTC.SI OTpHuaTeJibHa.SI o6paTHaJI CB.Sl3b no MO[I{HOCTH, KOTOprui B ,l).aHHOM CJIYlfae H CJIY)KHT 

e.n;HHCTBeHHblM KOMneHCaTopoM BXO,LlHOfO B03M)'LUemrn peaKTHBHOCTH. TaK.HM o6pa30M, 3,UeCb 

HCITOJlb3YeTC51 H.D:eOJIOfHSI onpe.D.eJieHHSI BXO.UHOfO B03MyLUeHH.sl lfepe3 3KCnepHMeHTaJibttytO oueH­

KY "KoMnettcaTopa". 

B ,ueJiCTBYJOLUeH pe,naKU:HH " KoMllileKCHOH MeTO.D.HKH" [ 1] CLfHTaeTC.SI, qTo BeJIH4HHbl a: H 

a: paBHbl H .nonycKaeTCSI npHMeHeHHe mo6oro H3 ypaBHeHHH (I) HJIH (2) MH onpe,neJieHHJI fIKP, 

HCXO,Ll.SI H3 Toro, LfTO OHH ,lJ.OJl)f(HbJ .uasaTb O.UHHaKOBblH pe3yJTbTaT. Ha caMOM .uene npH HCnOJib30-

BaHHH ypasHeHH.SI ( 1) onpe.D.eJI.SleTC.SI senwurna a: , a npH 11cnoJ1b30BaHHH ypastteHH.SI (2) onpe.ue-

JI51eMrui seJIHl{RHa I1KP npen.cTaBJI.SleT co6oi1 KOMTT03HUHtO .nsyx pa3JIH'-1Hb!X BeID1q1,rn: a: )if a; . 
0rMeTHM, l{TO Ha pa3HblX A3C npHMeH.SltOTC51 pa3Hble ypasHeHH.SI )if COOTBeTCTBeHHO onpen.eJI.Sl­

tOTC.SI pa3JIH'IHble BeJIH'-IHHbl fIKP. Cne.uyeT OTMeTHTb, l-(TO npH paC4eTHblX ouettKax fIKP no CTa-

UHOHapHblM nporpaMMaM onpe,ueJI.SleTC.SI a.: , l-lTO cne.uyeT HMeTb B BHD.Y np11 cpasHeHHH pacqeT­

HblX H 3KCnepHMeHTaJlbHblX oueHOK TIKP. 
YKaJaHHblH Bblllle .LlByxMHttyTHblH HHTepsan nepeXO,LlHOfO npouecca, Bbl3BaHHOfO 803M)'l.l.{e­

HHeM pacxona n11TaTeJ1hHOH 80,l).bl, OKaJbrBaeTCSI JlOCTaTOLfHO 60JiblIJHM .D:JISI Toro, tJT06bl Hat:t:amt 

np051BJI.SITbC.SI MeMeHHble rrpouecCbl, CBSl3aHHble C 113MeHeHHeM TeMneparypbl rpaqrnTa H KOHUeH­

TpauHH KCeHoHa B TOnJIHBe. 3TO BblpIDKaeTCSI B TOM, 4TO K KOHuy .UByxMHttyTHOfO HHTepsana 

MOUlHOCTb He CTa611JlH3HpyeTC51, 'ITO xopOlllO BH)lHO Ha pHC. 1, rn.e Ha cpparMeHTe, OTHOCHLUeMCSI K 

O.D.HOMY UHKJIY H3MepeHHH ITKP c JlBYMJI B03MYI.Uem1S1MH no mfTaTeJibHOH so.ue +200/-400 Tl t.Iac, 

npe.UCTaBJleHO nose.ueHHe perHCTJ)HpyeMblX napaMeTJ)OB H, B qacTHOCTH, HeihpoHHOH MOUlHOCTH 

peaKTopa. 
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-------------- PacXOJl nHT. 
BOJlbl - cnpasa 

,,...-~M"-4,. ,..,,-,­

Pacxo.n mlT. 
BO)lhl - CJ1CB3 

HeA-rpoHH3.JI 
MOLUHOCTI, 

0: 1 6: 00 

PHc. I. H3MeHeHHe peaKTHBH0CTH, HeitrpOHHOM M0l.UH0CTH H pacxo.noe mnaTeJihHOH B0.llbl B 

npaeoif H neeow n0JJ0BHHaX peaKTopa IJPH H3Mepemrn ITKP: 1, 2 - 0IIl>ITbl I H 2, C00TBeTCTBeHH0 

Ha pHc. I npe.ncrnsneHbJ speMeHHhie 38BHCl1MOCTH HeiiTpoHHoH MOIUHOCTI-I peaKTopa, peaK­

THBHOCTH H pacxo.nos ffifTaTeJlbHOH 80.llbl no nonOBHHaM aKTHBHOH 30Hhl, nonyqeHHble npH H3Me­

peHHHX Ha II 6110Ke CMoJ1eHCKOH A3C 18 aarycTa 2006 r. 3.necb csepxy BHH3: .nse KpHBbte noae­

.neHHH pacxo.ua nHTaTeJJbHOH BO.Ubl (no IlOJlOBHHaM peaKTOpa), .uanee KpHBaH H3MeHeHIDI HCH­

TpOHHOH MOlllHOCTH peaKTopa H caM8}1 HIDKHsrsr - KpHB8}1 H3MCHCHHH peaKTHBHOCTH. 

BepTHKaJ1bHh1e MeTKH orpaHH'-IHBaIOT apeMeHH0H HHTepsan .D,.JUl co6bITIDI c B03M)'Il.\eIDleM 

pacxo.na mnaTeJlbHOH 80.llbl H ycrnHaBJlHBalOTCH npH o6j:>a60TKe H3MepeHHH. B nepBOM onbITe 

nocne H3MeHeHHH pacxo.na fiHTaTeJlbHOH BO.Ubl MOIUHOCTb npo.noIDKaeT MOHOTOHHO CHH)l(aTbCH co 

CKOpOCTblO OKOJIO 10 MBTIMHH. Bo BTOpOM MOI.IJ.HOCTb nocne Ha4anbHOro pocTa CTa6HJ1H3HpyeTCH 

H MCHHeTCH He TaK 3Ha411TeJJbHO (cpe.UHHH CKOpOCTb pocTa MOlllHOCTH OKOJJO 1 MBT B MHH). 

OueHl<Y ponH Me,unettttbrx npoueccos s onb1Tax no H3MepettKIO a, MeTo.n;oM ManbtX B03MY-

memrii MO)KH0 nonyqHTb npH paci-1eTHOM MO.UeJJHposaHHH. TaKHX H3MepeHHH. Hcxo.nttoe B03MY­

meHH.e 3a,uaeTCsr H.3MeHeHHeM Ha4anbHOH BeJ1H4HHbl 3HTaJlbITHH Ha axo.n:e B neBOH H rrpaBOH nono­

BHHax peaKTopa, COOTBeTCTBYIOlllHM CHa'-lana yse11w-1eHHIO pacxo.n,a ITHTaTeJJbHOH B0,l],bl B nOJlOBH­

Hax peaKTopa Ha 50 T/4aC, a 3aTeM yMeHbllJCHJ,IJ() Ha 50 Tl'-laC OTHOCHTeJibHO Ha4anbHblX 3Ha'-leHHH. 

TaK, Ha puc. 2 cpaBHHBaJOTCH speMeHHhie 3aBHCHMOCTH noae,ueHHll MOlllHOCTH peaKTopa npH M0-

.nenHposaHHH H3MepeHHH a ll' c noMOLQbJO nporpaMMbl STEPAN c Y4eTOM H 6e3 ylf.eTa H3MetteHHH 
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P11c. 2. Mo.nem1poeam1e H3MeHeHHll Hei1TP0HH0H 

M0IIlHOCTH npH H3MepeHHH ITKP: eap11aHTbt I , 2 -
pacqeT npoeeneH C00TBeTCTBeHH0 6e3 11 C ~eT0M 

H3MeHeHl-lll TeMnepaTypbl rpacjJHTa 1-f K0HUeHTpau1111 

KCeH0Ha 

50 

TeMnepaTYPbI rpaqmTa H KOHU,eHTpaul,fH KCe­

HOHa. 

IIposrsneHHe Me,llJ1eHHbIX npoueccos 

npHBOJJ.HT K HeKOTOpOMY 3aBblilleHHIO pe3y11b­

TaT0B H3MepeHHH B nepBblX OilbITax Ka)l(.ll0f0 

UHKJia C noJIO)l(}ITCJibHblM B03MYW:CHHeM pac­

xo.ua nHTaTeJlbHOH B0.llbl H COOTBeTCTBYIOlllH.M 

CH11)1(CHHCM napoco.nep)KaHIDI H MOlllHOCTH 

peaKTopa. 8TOpOH OnbIT s Ka)l(.llOM UHKJie npo­

B0.lll,fTCsr s ycnos11srx 4aCTHl-lHOH BJaHMHOH 

KOMneHCaUHH Me.llJICHHblX npoueccos, cpop­

MHPYIOlllHXCH B nepB0M H BT0pOM OilbITaX 

UHKJia, 4TO npoHBJJHeTCll a ny4weii cTa61,fJIH-

3auHH M0LQHOCTH .nnsr BT0pbIX 0ilbITOB Ka)l(.ll0-

ro UHKJJa H C0OTBCTCTBCHH0 B MCHbWCM HCKa­

)KeHI-IH pe3yJJbTaTOB LfCTHbIX onbIT0B. 



OTMeTHM, 4TO nporpaMMHoe 06ecnet.JeH11e o6pa6oTKH H3MepeHHH npe.unon araeT COBMe me­

HHe MeTOK Hat.Jana B03Mylll,eHHS! pacxo.ua nHTaTeJTI,HOH BO.Ubl H Haqana OTKJlHKa peaKTOpa Ha :no 

B03MYW.eHHe, T.e. KpHBble MOl.l.lHOCTH H peaKTHBHOCTH CMell.(aJOTC.s! np11MepHO Ha 35 c , KaK 3TO 

noKaJaHO Ha pHC. 3. TTOCKOJlbKY npH 3TOM B03pacTaeT BpeMeHH0H HHTepsan .[1)1.s! npOS!BJleHHSJ Me,U­

neHHblX npouecCOB, TO TaKa.si npoue.nypa npHBO,UHT K ell.(e 60JlblDeMy HCKIDKeHHIO pe3yJlbTaT0B 

H3MepeHHH. 

r· ·· --,7 ~ 
I ; ,---- _ .. ..__t ...... --... .,-
11 1 
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\ 

. ,"'-._,_ . .,/"" ' ;;~ 
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P11c. 3. MJMeHeH11e peaKTHBHOCTH, HeHTpOHHOH MOlllHOCTl,f H paCXO.llOB nHTaTeJJbHOH B0,11,bl B rrpasoii H ne­
BO.li lfaCTjl)( peaKTopa np11 HJMepeHIUI nKP (Kp11Bble MOlllHOCTH 11 peaKTHBHOCTH CMellJ,eHbJ Hcl3a,ll Ha 35 c) 

Ha npHBe)J.eHHblX 3KcnepHMeHTaJlbHblX KpHBblX xoporno rrpocJle)KJ,{BaeTC.s! 380JllOUHSl OTKJIHKa 

peaKTopa Ha 803MyllleHHe pacxo.ua fIHTaTem,HOH BO.Ubl - BHaqane 3HaK BbI.l].eJUleMOH peaKTHBHO­

CTH COOTBeTCTBYeT OTKJlHKY peaKTopa C OTpHUaTeJlhHblM fIKP H JlHl.llb 3aTeM 3HaK peaKTHBHOCTH 

MeHJleTC.!I, 'ITO COOTBeTCTBYeT CMeHe 3HaKa ITKP Ha ITOJlO)KHTeJlbHblH. 3ToT 3q>cpeKT MO)KeT 6bITb 

o6b.s!CHeH 6onee 6blCTpblM npHXO)J.OM TennOHOCHTeJl.s! C H3MeHHBllleifo.sr TeMneparypoH B KaHaJlhl 

C 6onee OTKpblTblMH 3anopHo-peryJ1HPYIOlllHMH KJlanattaMH (KaHaJibl fiOBbill.leHHOH MOlUHOCTH, 

KaK npaBHJlO, C 6onee CBe)KHM TOTTJlHBOM). 3HaK Bhl)J.em1eMOH peaJ(I'HBHOCTH HatJHHaeT MeHJITbC.s!, 

Kor.ua Hat.fHHaeTC.s! nocrynneHHe TefIJlOHOCHTemr C H3MeHHBll.leHCSI TeMneparypoH B Mettee Hanp.si­

)KeHHble (6onee BbirOpeBwHe) KaHaJlbl. Eonee no.upo6Ho 3TOT 3cpq>eKT paCCMOTpeH B [3]. 
8 p.si.ue cnyqaeB MO)KeT HMeTb MeCTO .uonOJIHHTeJlbHOe CHH)KeHHe MOIILHOCTH, Bbl3BaHHoe ne­

peXO.LJ.HblMH npoueccaMH (rpaq>HT H KCeHOH) B pe3yJ1bTaTe npe.n.BapHTeJlbHOro CHH)KeHlUI MOlllHO­

CTH peaKTopa. CornaCHO [1] lllTaTHOe H3MepettHe ITKP .LJ.0Jl)KH0 npOBO.l].HThCSI Ha ypostte MOlllHO­

CTH He Bblllle 98 % OT NHOM C ycnOBHeM no)J.JJ.ep)KaHH.s! ee nOCTO.s!HHOH He Mettee, qeM 3a CYTKH .n.o 
Ha4ana H3MepeHHH. O.uHaKO HepeJJ.KO Ha A3C H3MepeHHSI HaqHHaIOTC.!I cnycT.si Beere JlHIIIb ]. .. 2 
'-!aca nocne CHH)Kett11S1 MOl.l.lHOCTH peaKTopa [4] 11 BhinOJ1HJ110TCS1 Ha cpotte nepexo.uttoro npouecca, 

CB.s!3aHHOro co CHH)KeHHeM TeMneparypbl rpacpHTa H OTpaBneHHeM KCeHOHOM, 06ycnoBm1Bal01.l.lHX 

)J.aJlbHeHmee Me,lJ)leHHOe CHH)KeHHe MOlllHOCTH. 3ToT q>aKTOp OKa3bl8aeT BJlHSIHHe H Ha nepBblK, H 

Ha BTOpOM OITblT B KIDK.LJ.OM UHKJle, npH4eM .n.m1 Hel.feTHblX OIThlTOB OH npOSlBJlS!eTCR B 3aBbIUieHHH 

pe3yJibTaTOB, a .LJ.JIS! '-leTHblX - B 3aHH)KeHHH. 

CyMMapHOe BJlHSIHHe .LJ.Byx paCCMOTpeHHblX cpaKTOpOB (H3MeHeHHe TeMneparyphl r paq>HTa H 

KOHUeHTpaUHH KCeHOHa, Bbl3BaHHOe CaMHM H3MepemIeM H B pe3yJibTaTe npe,nsapHTenbHOro CHH­

)KeHH.s! MOlUHOCTH) npoRBJl.s!eTCSI B 3aMeTHOM HCKa)KeHHH pe3yJlhTaTOB. Ilo OIThlTY H3MepeHHH, 

oco6eHHO MeTO.l(OM MaJlblX B03MYllleHHH, BeJlH'-IHHbl ITKP, nony'-leHHbie npK yseJIHl.feHHH HJlH 

yMeHbWemuI pacxo.ua fIHTaTeJibHOH BO.Ubl, MOryT pa311H4aTbC.s! B 2 .. . 3 pa3a. 3cpcpeKT 3aBHCHMO­

CTH pe3yJlbTaTa H3MepeHHH OT 3HaKa B03MYllleHH.!I .s!BJl.s!eTC.s! cymecTBeHHhlM He,UOCTaTKOM H3Me­

peHl1SI ITKP MeTO.UOM MaJibIX BOJMylUeHHH. IlpH JTOM HTorosa.si oueHKa ITKP, KaK 6y,neT noKaJa­

HO HH:>Ke, OKa3bIBaeTCR 3aMeTHO 3aBblllleHHOH. 

KaK noKaJatto BbIwe, speMSI cpopM11posatt11.si ttosoro nepsw-rnoro npoq>HnSI napoco.uep)KaHHSJ 

3aHHMaeT OKOJIO 20 C (pa3MblTOCTh Ja.uep:>KKH B TpattcnopTe TennOHOCHTeJT.si H paCTS!ttyTOe BO ape­

MeHH BHeCeHHe 803MYllleHHS!). H.3MeHeHHe cpe.uttero no aKTHBHOH 30He napoco.n.ep)KaHH.s!, pac­

C4HTaHHOe no nporpaMMe TPAKT .ll.JlS! cnyqa.si c ysenH4eHHeM pacxo.n.a nHTaTenhHOH BO.l(hI, npe.ll.­

cTaBneHo Ha pHc. 4. 
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113MeHeH11e napocoAepJKaHl1R, % B ~ ( 
0.1 H,llHO, 'ITO H3MeHeHl-le (j)08 BapHaHT 1) 

o , 3asepwaeTC.11 npHMepHo 4epe3 50 c nocne tta11a-

- o, 1 na H3MeHeHHJ! pacxo,ua nHTaTeJibHOH BO.Uhl. B 
2 +----+--l---+-----il-Bap11aHT 1 11-+----l - o, I .... Bap11aHT 2 I TO )Ke BpeM.11 ~<p ( BapHaHT 2) K MOMeHly ape Me-

- 0,3 +----+---l----+-____.!=r===c.+-----1 
IDI 50 C npaKTHlJeCKH paBHO ~(j)08, T.e . .ll.0 3TOro 

- 0.4 +-----+---+---+-- -+--- --+---~ 
_ 0,5 MOMeHTa BpeMeHH ~<pw npaKTH'LJeCKH paBHO Hy-

- o,6 .... mo. ,[(am,ttenmee nose,ueID1e ~<p o6ycnoanetto 

- 0,7 ........ HallaJIOM 33Ila.J}lblBaJOD.lero H3MeHeHHJI Tenno-
··· ··· -0,8 •••••••• V 

1:"c•........... BOH MOLUHOCTH peaKTopa, K KOTOPOMY .uanee 
- 0,9 +----+-- ---+-- -+--- _._-'----~ 6 

0 30 60 90 120 150 ,uo aBJIJ!eTC.11 ,uecTafomH3Hp)'IOw.ee npo.11sneHHe 

PHc. 4. 113MeHeHHe napoco.nep)KaHHJ! npH HJMepe-, 
HHH IIKP. 3,necb npHBe,nem,1 JJ.Be apeMeHH1>1e 3aBH-

CHMOCTH cpe,nHero no aJCTHBHOH 30He napoco.nep)l(a­

HHJ!: aapHaHT I - H3MeHeHHe napoco.nep)l(aHIDJ 

TOJJbKO 3a cqeT H3MeHeHHJ! pacxo.na IIHTaTeJlbHOH 

BOJJ.bl (6<p08) ; eapmurr 2 - C)'MMapHoe H3MeHeHHe 

o6paTHOH CB.11311 no KCeHOHY H rpaqmry. 

TaKHM o6pa30M, MeTO,ll H3MepeHH.11 <Xq,, oc­

HOBaHHbIH Ha npeJJ,TIOJIO)l(eHHH, 'LJTO B npouecce 

3KCnepHMeHTa peaKTop nepeXO,llHT H3 O,llHOro 

CTauHOHapHoro COCTOHHHR (HaqaJibHOro) B .npy­

roe (KOHe4HOe), He COBCeM KOppeKTeH, TaK KaK 

napoco.nep)KaIDUI 3a C'ieT H3MeHeHHJ! pacxo.na IlHTa- KOHe4Hoe CTauHOHapHoe COCTO.IIHHe He ,llOCTH­

TeJlbHOH BOJJ.1,1 H TeIIJIOBOH MOIUHOCTH peaKTopa raeTC.11 B pe3yJibTaTe Toro, 'ITO HaqJlliaJOT ,uen-

(6cp = 6cpna + 6cpw) CTBOBaTb Me,llJieHHbie o6paTHble CB.11311. 

3.necb npe,llJiarae-rc.11 HHOH no cpasHeHmo c [I] cnoco6 o6pa6oTKH 3Kcnep11MeH1a.ra,HbIX .naH­

HbIX, 3aMeTHO yMeHbWaJOll{HH CHCTeMaTH'LJeCK)'IO norpelllHOCTb H3MepeHH.11 nyTeM cymeCTBeHHoro 

COKpameHHJ! apeMeHH H3MepeHHJ!. l13MeHeHHe BeJIH4HHbl ~<pna npaKTH'leCKH npeKpamaeTCjj rrpH­

MepHO K 50-H C nocne Ha'LJaJia H3MeHeHHJ! pacxo.ll,a ITHTaTeJibHOH BO.ll,bl (pHC. 4 ). TipHMepHO K 3TO­

MY )Ke MOMettry .ll,OCTHraeTCR BTOpOH 3KCTpeMYM B xo.ne peaKTHBHOCTH (pHC. I). HaqHHaJJ C 3TOro 

MOMeHTa apeMett11 rrpasoMepHo 11cn0Jlb30Batt11e CTal.lHOHapHOH nporpaMMbI TP AKT .llJIJ! pacqe-ra 

~<pna• TaKHM o6pa30M, ,llJIJI 3TOro MOMeHTa speMeHH MO)l(HO 3aDHCaTb 6anaHCHOe ypasHeHHe ,llJIJI 

peaKTHBHOCTH B cne.zzyiomeM BH,ne: 

a.:• ~(j)ne + CT.w,~ W = PHJM - PHa'I , ( 4) 

r,ue pHJM - H3MepeHH~ aeJIH'LJHHa peaKTHBHOCTH B o6naCTH BTOporo 3KCTpeMYMa. 

B OTJIH'LJl1e OT ypaBHeHHH (I) H (2), 3aDHCaHHbIX ,llJIJI KOHi.la HHTepsana, Ha KOTOpOM IlpOHC­

XO,llHT npaKTH4eCKH noJIH~ KOMITeHcauHR BXO,llHOfO B03MYW.eHHjj peaKTHBHOCTH OTpHUaTeJibHOH 

o6paTHOH CB}l3bl0 no MOJ.UHOCTH, 3,lleCb paccMaTPHBaeTCjj .ll,pyrou, 6onee KOpOTKHH HHTepsan. Ha 

HeM npaKTH'LJeCKH TOJibKO Ha4HHaeTC.II npO.IIBJieHHe MOUlHOCTHOH o6paTHOH CB.113H H COOTBeTCT­

BYlOW.HH L(JieH B ( 4) He 6onee 4eM nonpaBKa KO BXO,llHOMY B03MYJ.UeHHJO peaKTHBHOCTH, ,llJij! KOTO­

poro npe,unpHHHMaeTcR nonbITKa ero ttenocpe.ncTBeHHoro onpe.ll,eJJeHIDI no paclleTHOH KpHBOH 

H3MeHeHHJ! peaKTHBHOCTH B OTJIH4He OT H.ll,eonorm-1 onpe.ueneHHJ! BXO,llHOfO B03MYJ.UeHHJ! 4epe3 

" KOMneHCaTop", KaK 3TO .ll,eJiaJIOCb B COOTBeTCTBIDI C (1) H (2). 

113 3KCnepHMeHTa HMeeM BpeMeHttyIO 3aBHCHMOCTb l!!N(t) H3MeHeHHJ! HeHTPOHHOH MOLUHO­

CTH. ,[(n.11 onpe,ueneHHJ! H3MeHeHH.II ~W(t) TenJIOBOH MOUlHOCTH MO)l(HO npHMeH.IITb ypaaHeHHe 

aw1a1 = (N(t) - W(t))h . (5) 
Benw-mHa "C B ypaBHeHHH (5) - speM.11 penaKCaUHH TB3Jia. B pa3HbIX HCT04HHKax ,llaIOTCjj pa3JIHl{­

Hbie 3Ha4eHHJ! seJIH'-IHHbI "C .ll.Jlj! TB3JIOB PEMK B .u11anaJ0He 5 ... 15 c . l1cnon1,3yjj ypastteHHe (5), 
MO)KHO nonyqHTb BeJIH'-IHtty TenJIOBOH MOUlHOCTH B JII060H MOMeHT BpeMeHH. Ha pHC. 5 npe,Ll-

, 
CTaBJieHbI speMeHHbie 3asHCHMOCTH N(t) npH HJMepeHJrn ~ Ha II 6noKe CA3C 18.08.2006 r. H 

W(t), nonyqeHHbie ,llJijJ Tpex pa3HblX BeJiat-lHH 't - 5 , 8 11 12 c (cooTBeTCTBeHHO W5 , W8 H W12). 
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BH)].HO, lfTO BCe TJ)H 3aBHCHMOCTH ren­
JIOBOH MOll(HOCTH HMelOT cpopMy, noxo)K)'IO 

Ha N(t) , HO 6onee crnIDKeHttyio. lleM 6oJib­

we BeJIH'HiHa 't, TeM 6onee CrJIIDKeHHOH Bbl­

rml)].HT 3aBHCHMOCTb W(t). llonylfeHHrul 3a­

BHCHMOCTb TenJIOBOH MOll(HOCTH OT speMe­

HH n03som1eT BbllfHCJUITb lfJleH a.,..llW B 

ypasHeHHH ( 4) H s HTore pa3penIHTb ero 

3 155 
N,MBT 

3150 

3145 

3140 

3 135 

3 130 

3 125 

3 120 

3 1 15 

3 110 
700 

r 

. . 

750 800 

-

- - . 

. . . 

t, C 

850 900 950 1000 

OTHOCHTeJlbHO a.:. B Ta6Jl. 2 npe)].CTaBJieHI>I 

pe3yJJbTaTbl o6pa60TKH H3MepeHHH I1KP 
3THM MeTO)].OM JlJUI COCTO.s!HH.s! II 6JIOKa 

CA3C Ha 18.08.2006. 
PHC. 5. l13MeHeHHe HeITT"pOHHOH H TeilJIOBOH M0[IJ.H0C­
TH npH H3MepeHHH CX,q, 

Ta 6 JJ u u a 2. Pe3yru,raTh1 o6pa6oTKH H3Mepemrn ITKP 

~w, MBT 
PH, 10·213 

~p, 10·213 0. no f3 
N2 Mv, MBT ~<l'na, % "' ' 

t = 12 t = 8 t = 5 
PH3M 

t = 12 t = 8 t = 5 t = 12 t = 8 t = 5 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 
I - 9,6 - 2,18 - 3,13 -4,49 0,0209 -0,1513 -0,2215 -0,2429 l-0,2732 -0,576 0,39 0,42 0,47 
2 12,2 -0,82 0,82 3,22 -0,0477 0,2370 0,2639 0,3029 0,3594 1,061 0,25 0,29 0,34 
3 - 12,3 - 3,27 -4,53 -o,14 -0,0057 -0,1530 -0,2188 -0,2497 f..-0,286 I -0,507 0,43 0,49 0,56 
4 9.6 -0,14 1,61 3,95 -0,0543 0, 1449 0,1961 0,2356 0,2885 0,903 0,22 0,26 0,32 
5 - 9,7 -4,31 - 5,24 -o,59 -0,0487 -0, 1505 -0,2092 -0,2302 l-0,2607 -0,498 0,42 0,46 0,52 
6 10,5 0,41 2,29 4,76 -0,0404 0, 1658 0,2155 0,2579 0,3138 0,840 0,26 0,31 0,37 

Cpe,nHHe JHall:eHHR 0,31 0,35 0,41 
B nepsoM cTon6ue npHB0.llHTC.si H0Mep HJMepeHIUI, a so BTopoM - HJMeHeHHe Mv = NIO .. - NH HeHTPOHHOR 
M0lllH0CTI1 peaI<Topa, r.ne NHl M - HeHTPOHHa.si M0lllH0CTh s M0MeHT speMeHH .nocTIDKemu1 BToporo JKCTPe­
MYMa, NH - HeHTPOHHa.si M0illH0CTh nepe.n ttall:aJJ0M H3MepeHH.si. B 3 .. . 5 cTon6uax npHB01V1Tc.s1 HJMetteHH.sl 
~W = W"3 .. - WH TennosoA M0IUH0CTH peaKTopa, onpe.nenettm,re .nm, TPeX 3Ha"!eHHlf speMemt pe.naxcauHH 
TB)Jla (t = 5,0; 8,0; 12,0 c), r.ne WHl M - Tennosa.si M0il{H0CTb B M0MeHT speMeHH .ll0CTmKeHHJI BT0poro 3KC­
TPeMYMa, WH - Tennosa.si M0lllH0CTb nepe.n Ha'laJJ0M HJMepeHIDI. B 6-M CTon6ue rrp1-rne}leHb1 se11wnrn1,1 
peaKTHBH0CTH pH nepe.ll Hall:anoM Krutc.ll0fO onhrra, a a 7-M - pHlM s 0611aCTH BT0pbrx JKc-rpeMYM0B. B 8 ... 10 
cTon6uax rrpHB0.llHTc.si senH'IHHa peaKTHBH0CTH ~p = pH3 .. - pH - a.../lW, sHeceHH0H s npouecce H3Mepemur, 
f.lle a..= - 2,26-10-4 f3IMBT - BeJIH"IHHa 6bICTPOf0 M0illH0CTH0f0 KOJ<l><l>HUHeHra peaKTHBH0CTH, nonyll:eHHaJI 
s HJMepeHJ-nr [2]; seJJH"!HHbl ~p rrpHB0.ll.slTC.s! JlJl,SI -rpex 3Ha<teHHH 't. B 11 -M CTOJJ6ue rrpHB0.lVITC,SI BeJJH"IHHhl 
~<l'na H3MeHeHH.sl rrapoco.nep)l(aHa.si, norrylfeHHhJe H3 pac'leTa no nporpaMMe TPAKT, as 12 .. . 14 CT0116uax ­
ITKP aq, = ~p/~<p 1uui TPex 3Ha'leHHH t . 

,Ltm1 cpaBHeHIDI np1,rne)].eM B Ta611. 3 
pe3yJibTaTbl WTaTHOH o6pa60TKH H3Mepe­

HMH (Ha HHTepsane !:!t = 2 MHH) s COOT-

BeTCTBHH C ypasHeHH51MH ( 1) - a.:· H 

(2) - a • . 

Cpe)].HHe no 6-TH H3MepeHH51M BeJlH­

lfHHhl ~ (cpe)].HHe 3Hal.feHH51 B Ta6JI . 2 H 3 
BbllfHCJl51JJHCb C secaMH ycpe)].HeHHblX no 

nOJlOBHHaM peaKTOpa H3MeHeHHH paCXO)].OB 

nHTaTeJlbHOH B0)].bl), HX )].HCnepCHH, a6co­

JllOTHble H OTHOCHTeJlbHble cpe)].HeKBa-

T a 6 JJ H u a 3. 3KcnepHMeHTanbHble oueHKH a.:• u a lp 
H lllTaTHOH 06 a6oTKe H3Me ettHH 

HoMep 
0TTb!Ta 

2 
3 
4 
5 
6 

Cpe.n­
Hee 

91,6 
- 154.9 
114.4 

- 113,5 
76.0 

- 107,6 

lliTaTHaj{ 06 a6oTKa 

no (l)-a: no (2) - a. 

85,9 0,92 0,71 
- 173,5 0,48 0,36 

49,5 I , 18 0,81 
- 178,2 0,37 0,35 

63.3 0,79 0,77 
- 119,8 0,25 0,27 

0,60 0,49 
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Ta 6 JJ H u a 4. Cpe.11Juu1 semrq1rna nKP 
H xapaxTepHCTHKH Ka'leCTBa o6pa60TKH 

napaMei-p 't = ]2 C 't = 8 C 't = 5 C 
WTaTHaH o6pa6oTKa 

no (I) no (2) 

(l,n, 13 0,3 L 0,35 0,41 0,60 0,49 
D, I0-4'32 15,7 17, I 18,6 221 105 

cr, 6 0,039 0,041 0,043 0, 149 0,102 
o = cr/~ 0, 127 0,118 0, 105 0,248 0,209 

.n;pan1"tfeCKHe OTKJIOHemur, norryqeHHble )VUI 

-r = 12, 8 H 5 c, a TalOKe COOTBeTCTBYIOIIJ.He 

aeJIKlfHHbI, xapaKTep1nyiomKe urran1y10 

o6pa60TKY H3MepeHHH., npHBeJJ.eHbl B 

Ta6n. 4. 
CpaBHeHHe WTaTHblX pe3yJibTaTOB H pe-

3YJibTaTOB o6pa6oTKH H3MepeHHH. B 

COOTBeTCTBHH C HOBbIM no)IXOJJ.OM, Kor.n.a 

seJIH"lfHHa BHeceHHOfO BO3MYIIJ.emu1 

( o.; ~<p"") oueHHBaeTc.st HenocpeJJ.CTBeHHO no pacqeT,OB1GIJDIBDE,peaKT~eil®FH )3 o6mummmwJ)CR 

ro 3KCTPeMyMa ( P,13>1 ), a BJIH,IIHHe Me.n.neHHhIX nOJIO)IO!Tem.HbfX o6paTHb[X CB.st3eH. CBe)J.eHO K MH­

HHMYMY, nocKOJibKY cywecTBeHHO coKpameH speMeHHOH HHTepaaJI, Ha KOTopoM paccMaTpHBaeT­

c,11 ypasHem1e 6anaHca JJ.Jljj peaKTHBHOCTH, TTOKa3bJBaeT, KaK H O)KHJJ.aJIOCb, BblpIDKeHHOe CHIDKeHHe 

oueHOK a.:· JJ.JI.11 He'leTHblX onbJTOB, B TO apeM.st KaK JJ.JI.11 4eTHbrx OnblTOB CHIDKeHHe JIH6o BblpIDKe­

HO 3aMeTHO MeHbWe, JIH6o BOBCe OTCYTCTByeT (cp. pe3yJibTaTbl B Ta6JI. 2 H 3). B uenoM HOBbTH 

nOJJ.XOJJ. K o6pa6oTKe H3MepeHHH IIKP npHBOJJ.HT: 

- K 3aMeTHO Mettee BblpIDKeHHOH. 3aBHCHMOCTH pe3yJibTaTOB OT.ll,eJThHhlX OTTbITOB OT 3HaKa BO3-

MYl.lleHH.st pacxo.n.a mrraTeJll,HOH BOJJ.bI; 

- K O1.llYTHMOMY CHIDKemuo HTOfOBbIX ( cpeJJ.HHX) oueHOK a.: ; 
- K cepbe3HOMY nOBblllJeHH10 JJ.OCTOBepHOCTH HTOfOBbIX pe3yJibTaTOB, OTHOCHTeJihHa.11 norpern-

HOCTb KOTOpbIX CHIDKaeTC,11 6onee 4eM BJJ.BOe (Ta6JI. 4). 
IlpeJJ.JiaraeTC.11 JJ.aJibHeHrnee ycoaeprneHCTBOBaHHe MeTOJJ.a, CB.113aHHOe C Y4eTOM q>OHOBOfO 

H3MeHeHH.II MOl.llHOCTH. KaK y)Ke OTMe4aJIOCb Bblllle, BCJieJJ.CTBHe OTCYTCTBHJI CTa6H.JIB3aUHH napa­

MeTpos nocne oqepe.n.Horo OTTbITa CJieJJ.YIOl.lllfH OTTblT npOBO.QHTC.11 Ha "XBOCTe" HeycTaHOBHBllleik.11 

MOUl,HOCTH, 4TO Bb[3BaHo nepeXOJJ.Hb[MH npoueccaMH KaK HHHI.lHHpOBaHHbIMH B npe.llbl.QYl.lleM 

OTTbITe, TaK H npe.nrneCTBYIOlll.HMH BCeH. cepHH Onb[TOB. Ha30BeM Ta.KOH "XBOCT" q>OHOBMM H3Me­

HeHHeM MOl.llHOCTH H OTMeTHM, tffO JJ.J1jj KIDKJJ.OfO OTTb[Ta OH HOCHT KHJJ.HBH.QYaJlbHblH xapaKTep. 

npoue.n.ypa nepsoro JTana, HHBen11py10ma.11 3a C4eT coKpameHH.st speMeHH6ro HHTepaana o6-

pa6oTKH npO.IIBJieHHe MeJJ.JieHHbIX o6paTHbIX CB.113eH, He yq:HTbIBaeM.bIX B ypaatteHHH 6anattca pe­

aKTHBHOCTH, cymecTBeHHO CHH3HJia pe3yJibTaTbl He4eTHbIX OITbITOB H Mettee 3aMeTHO CKa3aJiaCb Ha 

pe3yJibTaTax 4eTHblX OITblTOB. 3To o6b.stCHJ!eTC.st TeM, 4TO JJ.J1jj qeTHblX OITbITOB npo.stsJieHHe o6paT­

HOH CB.113H, B03HHKaIOlll,eH B He4eTHb[X om,ITax, CJTY)K],IT BXOJJ.HblM q>OHOBblM HCKIDKaIOlll,HM cpaK­

TOpOM, KOTOpblH cyMMHpye-rc.st C npo,rnneHHeM Me.[(JieHHOH o6paTHOH CB.st3H .n.pyroro 3HaKa, 8O3-

HHKaIOlll,eH B xo.n.e caMoro '-leTHOfO OTTblTa. 

npH COKpameHHH BpeMeHHOfO HHTepaana npeBaJIHpyeT BXOJJ.Ha.11 COCT3BJI.st101I{a.ll, nO3TOMY 

pe3yJibTaTbl qeTHb[X OnbITOB He TOJibKO He BO3pacTaIOT, a HeCKOJlbKO CHIDKalOTC.st no cpaaHeHHJO 

co UJTaTHOH o6pa60TKOH, XOT.st H He TaK 3aMeTHO, KaK pe3yJibTaTbl HeqeTHblX OTTbITOB. TaKHM o6-

pa3OM, npoue.nypa nepsoro 3Tana 3cpq>eKTHBHa TOJlbKO .[(JI.st He4eTHblX Oilb[TOB H COBCeM He3cpcpeK­

THBHa .[(JI.st 4eTHblX, .[(JI.st HHX OHa JJ.IDKe npHBHOCHT .n.onOJIHHTeJibHOe HCKIDKeHHe. McnpaBHTb no­

JIO)Kem1e MO)KHO C nOMOl.llblO npoue.uypbl BTOporo JTana, HCKJII04aIOmeii. (BbllfHTaIOmeH) Q)OHO­

BYIO BXOJJ.HYIO COCTaBJI.IIIOLizylO H3MeHeHH.st MOl.llHOCTH npH o6pa6oTKe H3MepeHHH. TaKa.11 npoue­

.nypa 3cpcpeKTHBHa npe)KJJ.e scero HMeHHO JJ.Jl,11 4eTHblX OTTbrTOB, nOCKOJibKY Q)OHOBa.11 COCTaBJlj!JO­

l.ll3,11 H3MeHeHH.st MOl.llHOCTH JJ.Jl.st HHX BblpIDKeHa 3Ha4HTeJibHO CHJlbHee, qeM JJ.JI.st HeqeTHbIX. 

YpaBHeHHe 6anaHca peaKTHBHOCTH JJ.Jl.st KIDl(Jl.OfO OfibITa c yqeTOM Q)OHOBblX q>aKTOpOB MO)KeT 

6bITb 3anHCaHO B CJie.ll,yIOl.lleM BHJJ.e: 

a.;· ~q>na+ Uw(~W-i:1w. ) = PHJM - PHa'I, (6) 

r.ue HOBbIH (no cpaBHeHHIO C ypaBHeHHeM ( 4)) 4JleH 3cpcpeKTHBHO Y4HTbIBaeT BKJiaJJ. B H3MeHeHHe 

peaKTHBHOCTH OT npo.stBJieHH.st o6paTHOH CB.st3H no KOHUeHTPaUHH KCeHOHa H TeMneparype rpacpH-
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Ta, Bhl3BaHHOH nepeXO).1.HblMH npou.eccaMH, npeozuecmey10U{,UMU .uaHHOMY Onhny. 3 L{eCb ~ Wct>­

OI~eHeHHOe no TJ)eH,lly H3MeHeHIDI MO[[(HOCTH Ha HeKOTOpOM 6830BOM mnepaa.ne BpeMeHH, rrpe,LJ,­

wecrnyio[[(eM ,LJ,aHHOMY OnhI1)', 3Ha4em1e cf>oHOBOH COCTaBJIRlO[[(eH H3MeHeHHR MO[[(HOCTH Ha HH­

Tepsa.ne, npHIDITOM ,LJ,Jljl o6pa60TKH JJ.aHHoro OITbITa. 

B Ta6n. 5 npHBO.LJ.jlTCR BeJIHlJHHhI TpeH,LJ,a HeihpOHHOH 1-1 TenJIOBOH MOII(HOCTH .LJ:Jljl meCTH 

onhITOB no mMepeHITTO ~, noJTY4etttth1e H3 3KcnepHMettTa Ha II 6noKe CA3C 18.08.2006. 

T a 6 n " u a 5. BeJIH'{HHbl l'peH,llOB HeITTpOHHOH 0 TenJIOBOH 

B nepBOM CTOJI6ue npHBO,l{HTCH 
HOMep H3MepeHID1, BO BTOpOM -
6aJOBblH speMeHH6.H HHTepBan 
s ceeyH.l{ax .[(JUI oueHJCH HJMe­
HeHHjl MOI.QHOCTH nepe.n Haqa­
JlOM Ka)K,l{Oro OIThITa, B TJ)eTb­
eM - HJMeueHI,[e s MBT Reii­
TJ)OHHOH MOlllHOCTH Ha 6aJo­
BOM HHTepaane, B qeTBepTOM -

MOlllHOCTH nepe.u RaqanoM Ka)K,l{Oro H3 OnbITOB 

.NI~ !.it&3 ' llN, llNl!:it6aJ, 't = 12 C 't = 8 C 
C MBT MBT/c !:!.W !:!.Wl!.it tiW 11W/11t 

I 93,7 -4,66 -0,050 -4,06 -0,043 -4,19 -0,045 
2 85, 1 -16,14 --0,190 - 18,98 -0,223 - 19,08 --0,224 
3 124,8 - 5,64 --0,045 -6,65 --0,053 -6,38 -0,051 
4 57,5 - 14,97 --0,260 - 12,82 --0,223 - 13,18 -0,229 
5 76,1 - 12,03 --0, 158 - 9,38 --0, 123 - 9,89 -0, 130 
6 42,2 - 9,28 --0,220 -6,06 --0,144 -6,66 -0, 158 

't = 5 C 
!:!.W 11Wl!:it 

-4,25 --0,045 
- 18,63 --0,219 
-6,06 --0,049 

- 13,14 --0,229 
- 10,38 --0,137 
- 7,36 --0,174 

" cpe,nIDUI CKOpOCTb" a MBT/c H3MeHeHlffl He.HTJ)OHHOH MOI.QHOCTH Ha 6aJOBOM HHTepsane. B cne.nyiommc 
weCTH CTOJI6u.ax npHBO.l{JITCSI H3MeHeHHe TenJIOBOH MOlllHOCTH Ha 6a30BOM HHTepsane H CKOp0CTh H3MeHe­
HHSI TenJIOBOH MOUlHOCTH .[(JUI cnyqaes 't = 5, 8 H 12 C. 

l13 npe,LJ,CTaBJieHHhIX ,LJ,aHHbIX BHJJ.HO, lfTO oco6eHHO BeJIHK TJ)eHJJ. MO[[(HOCTH nepe.u qeTHblMH 

H3MepeHIDIMH. B Ta6n. 6 rrpHBe.l{eHbI 3HalfeHJ1jl ~. nonylfeHHhJe C YlfeTOM Bb)lf}fTaffJijl q>OHOBOH 

COCTaBJIRlO[[(eH H3MeHeHIDI MO[[(HOCTH, T.e. B COOTBeTCTBHH C ypasHettHeM (6), .lVUI cpastteHHR ,LJ,O-

6aBJieHhl TaIOKe pattee noJIY4eHHble pe3yJihTaTbl. 

T a 6 J1 H u a 6. Pe3yJlbTaThl o6pa60TKH H3MepeHmi IT.KP C KOppeKrnpOBKOi-1 H3MeHeBID! MOlllHOCTH 
Ha C t>OHOB\/10 COCTciBIDIIO IUYJO 

!:ip<I> = aw!:!.W<I> , 10·
2 ~ aq,, ~ (nocne KoppeK- aq,, ~ (.no KOppeK- CXq,, ~ (lDTaT-

N!? /)./H3M THPOBKH THPOBKH urui: o6pa-
't = 12 C 't = 8 C -r = 5 C 't = 12 C 't = 8 C 't = 5 C 't = 12 C 't = 8 C 't = 5 C 6oTKa) 

I 24,3 0,0238 0,0246 0,0249 0,35 0,38 0,43 0,39 0,43 0,49 0,92 
2 25,1 0,1265 0,1272 0,1242 0,37 0,41 0,46 0,25 0,29 0,34 0,48 
3 26,0 0,0313 0,0300 0,0285 0,37 0,43 0,51 0,43 0,49 0,56 1,18 
4 26,5 0,1335 0,1372 0, 1368 0,37 0,41 0,47 0,22 0,26 0,32 0,37 
5 22,5 0,0627 0,0661 0,0694 0,29 0,35 0,38 0,42 0,46 0,52 0,79 
6 27,8 0,0902 0,0992 0, 1096 0,36 0,43 0,50 0,26 0,31 0,37 0,25 

Cpe.uttHe 3uaqeHH,i 0,36 0,41 0,46 0,31 0,35 0,41 0,60 

Cpe.LJ.HHe no 6-TH H3MepeHHj{M seJIHlfHHhl ~ . HX ,n:Hcnepc1-m, a6conlOTHhJe H OTHOCHTeJibHhle 

cpe.utteKBa,llpaTHtieCKHe OTKJIOHemu1, nony4eHHhle .LJ,JIR 't = 12, 8 H 5 C 6e3 yqeTa H C Y4eTOM KOp­

peKTHpOBKH, np1rne,LJ,eHbl B Ta6JT. 7. 

,[{attm,1e, npe.LJ.CTaBJ1eHlfb1e B Ta6n. 6 , 

noKa3hIBaJOT cy[[(ecrneHHoe c6mrncettHe 

ou.ettoK TIKP B Het:1eTHbIX H YeTttbIX onh1-

Tax. C6nIDKem1e ou.eHOK nocne nepsoro 

3Tana o6pa6oTKH cs~3aHo c HX 06uu1M 

CHH)KeHHeM, 6onee BblpIDKeHHblM JJ.JIR 

tteqeTHbIX onhITOB. ITpH KoppeKTHpOBKe 

Ta 6 J1 H u. a 7. Cpe.umrn aeJ1H'IHHa ITKP H xapaKTepHCTHKH 
Kaqecrna o6pa6oTKH .no H nocne Koppe1<n1poBKH H3MeHeum1 
MOlllHOCTH Ha <pOHOBYJO COCTasmnomyro 

napaMeTp 
)],o KoppeKTHP0BKH Tiocne KOppeKTHpOBKH 

't = 12 C 't = 8 C t = 5 C t = l 2 c ,: = 8c-r = 5c 

a.,, , 13 0,3 1 0,35 0,41 0,36 0,41 0,46 
D, 10-413-' 15,7 17, I 18,6 1,76 1,90 3,83 

cr, 13 0,039 0,041 0,043 0,013 0,014 0,020 

o = cr/aqi 0,127 0, I 18 0,105 0,037 0,034 0,042 
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BTOporo 3Tana oueHKH HelfeTHbIX OITblTOB npo,uoIDKalOT He3Half.HTeJ1bHO CHIDKaTbCSI, B TO speMj( 

KaK oueHKH '-leTHblX OnblTOB cyw.ecTBeHHO pacw. B HTore KOppeKTHpOBKa BToporo 3Tana npHBo­

.UHT K He6oJTbWOMY pocry cpe,UHHX oueHOK IIKP no cpaBHeHHIO co cpe,llHHMH oueHKaMH nepsoro 

3Tana o6pa60TKH. OrMeTHM, '-ITO OTKoppeKTHpOBaHHble pe3yJ1bTaTbl lfeTHblX OnblTOB 6JIH3KH K 

HCXO,UHhlM pe3y11bTaTaM, noJiylfeHHblM .llJlSI HHX npH UITaTHOH o6pa6oTKe. 

B uenoM nocne BToporo 3Tana MO)l(HO KOHCTaTHposaTb: 

• OW.YTHMOe, npHMepHO B llOJlTOpa pa3a, CHIDKeHHe HTOfOBblX ( cpe,uHHX) oueHOK a~· no cpaBHe­

HHIO C ouettKaMH WTaTHOH o6pa60TKH. 3aBHCHMOCTb pe3yJJbTaTOB o6pa60TKH OT BeJIHlfHHbl 't 

HeBeJlHKa H He npeBbIWaeT ± 12 % B paCCMOTpeHHOM .uonyCTHMOM .uualla30He 3HatieHHH 3Toro 

napaMerpa; 

• npaKTHlfeCKH ITOJlHOe HC'-le3HOBeHHe 3aBHCHMOCTH pe3ym,rnTOB OT,UeJibHblX OITbITOB OT 3HaKa 

B03MYllleHHj( pacxo.ua; 

• cymecTBeHHblH pocr .UOCTOBepHOCTJ,f pe3yJibTaTOB H3MepeHHii (norpemHOCTb HTOfOBblX pe-

3YJibTaTOB nocne BToporo 3Tana o6pa6oTKH B 3 .. .4 pa3a HIDKe, lfeM 11oc11e nepsoro). 

3aac.ruoqenue 

I) YpasHemte 6anaHca peaKTHBHOCTH B lliTaTHOM MeTO,Ue H3MepeHJ,fj( <l,p 3allHCbIBaeTCSI Ha 

.usyxMHHYTHOM HHTepsane speMeHH (113MeHeHliSI napaMeTpOB paccMaTpHBalOTC$1' HMeHHO Ha 3TOM 

HHTepsane). TaKOH BbI6op o6ycJIOBJ1eH CJJe.UYIOlUHMH npHlfHHaMH: 

- npe.11.nonaraeTCSI, lfTO Ha3BaHHblH HHTepsan ,UOCTaTO'-leH JJ.JISI llOJIHOro 11po.srn11eHJ,fj( 6bICTpO.UeH­

CTBYl01UHX o6paTHblX CB.!13eH H B TO )Ke speMj( ,UOCTaTO'-IHO MaJJ ,UJlSI npOSIBJieHH.sl o6paTHblX CBSl3eH 

no rpaqmry H KCeHOHY, lfTO .11.aeT B03MO)KHOCTb npeHe6pelfb HMJ,f B ypasHeHHH 6anaHca peaKTHB­

HOCTH; 

- nonttoe npO.!IBJieHHe 6bICTpo,ueHCTBYIOIIJ;ID{ o6paTHblX CB.!13eH H B03MO)KHOCTb npette6pe)KeHH.!I 

o6paTHblMH CB.!13SIMH no rpaq>J,fT)' H KCeHOHY B nepBOM npH6JIIDKeHHH IT03BOJ1.!IIOT rosopHTb O Ha­

CT)'nJieHHH HOBOfO CTaUHOHapttoro COCTQ.sllfl-fj( H, cne.11.osaTeJlbHO, 0 co6JI10.11.eHHH ycJJOBHH npHMe­

HHMOCTH CTaLJ.HOHapHOH nporpaMMbl TP AKT .llJl.!l paClfeTa npo<pHJJ.!l napoco.uep)KaHIDI B KOHI~e 

,uaHHoro .usyxMi,myrnoro 11HTepsana. 

2) y CTaHOBJieHO, lfTO ou.eHKH 6blCTpO,UeikTBy101UeH o6paTHOH CBSl3H no MOIUHOCTH npe-rep­

neBaIOT HCKa)KeHIDI B pe3yJJbTaTe npOSIBJieHHSI o6paTHbIX CBSI3eH no rpaq>HT)' H KCeHOHY, KOTOpble 

no pa3HOMY npOSIBJISIIOTC.!l B nepBOM H BTOpOM OITbITax U.11KJ1a H3MepeHHH C B03MYW.eHHeM pacxo­

.ua llHTaTeJlbHOH B0,/ll,I, lffO npHBO,UHT K O~HMOH 3aBHCHMOCTH pe3yJibTaTa H3MepeHHH OT 3HaKa 

B03MyW.eHHSI pacxo.11.a llHTaTeJJbHOH BO.Ubl. 

3) Bo3MO)KHOCTb yMeHbWeHHSI 3TOro 3cpcpeKTa Jle)KHT Ha fIYTH COKpaw.eHH.!l speMeHH6ro HH­

Tepsana .llJTSI 3allHCH ypaBHeHH$1 6anattca peaKTHBHOCTH. B COOTBeTCTBHH C HOBbIM ITOJJ.X0.11.0M K 

o6pa60TKe H3MepeHHH senwrnHa BHeCeHHOro B03MY1UeHl1SI a: L\q>"" peaKTHBHOCTH .llJl.sl Ka)KJJ.OfO 

OnbITa ouemrnaeTCSI Henocpe,ucTBeHHO 110 pac'-leTHOH KpHBOH peaKTl1BHOCTH B 06nacn1 BToporo 

3KCTpeMyMa ( P.,,,.) npu HCKJIJO'-leHHH "cpoHOBOH" BXO.UHOH COCTaBJISIIOW.eH H3MeHeHHH MOW.HOCTH, 

06yc11os11eHHOH np0$1BJleHHeM Me.llJleHHblX o6paTHblX CB.!13eH, HHHU.HHpyeMbIX nepeXOJJ.HbIMH 

npoueccaMH KaK B npe.uwecTBYIOW.eM OITbITe, TaK H AO Ha'-lana BCeH cepHH OITbITOB. 

4) Anpo6aUH$1 HOBOro no.11.xo.11.a K o6pa60TKe H3MepeHHH nKP npH cpaBHeHHH co WTaTHOH 

npoue.uypoH o6pa60TKH ITOKa3aJla npaKTH'-leCKH nOJlHOe H36asJieHHe 3aBHCHMOCTH pe3yJJbTaTOB 

H3MepeHHH OT 3HaKa B03MY1UeHHSI pacxo.11.a nHTaTeJibHOM 80.IJ.bl H MHOfOKpaTHOe CHIDKeHHe OTHO­

CHTeJibHOH norpewHOCTH onpe.ueneHH$1 seJIH'-IHHbl nKP. 
5) B paMKaX WTaTHOH o6pa60TKH B HTOfOBblX oueHKax cne.uyeT opHeHTHposaTbC$1 Ha pe3yJib­

TaTbl '-leTHblX OITbITOB. 

KoHmaKmHaJl C6Jl3b - EaJ1bl2UH AneKcei~ AneKcaHopoeu'I, men.: (499)/96- 72-33, e-mail: ba­
/yg@dcnr.vver. kiae.ru 
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Y)I;K 621.039 
Cl>HJHqecKHe xapa1crepHCTHKH pea1cropeoro rpacJ>HTa 

H.H. IIonoMapeB-Cmemwii, E.C. I'11yiuKOB, I'.B. KoAtnanueu., 
B.H. HocoB, E.H. l/yHlleB, E.B. Eyp11aK06, B.M. Ka11a1wB, 

B.E. )/(umapeB, B.A. llaBIUYK, A.C. Ktutunc1<uu, E.C. Cy66omu11, 
<I>rY Plill, "KypqaToBCKHH H.HCTHTYT", 123182, MocKBa, nn. KypllaToaa, 1 

O6o6w;eHbI ,naHHbie no <f>H3H~eCKHM CBOHCTBaM rpa<f>HTa, HCilOJib3yeMoro s PHU "KH'' Ha CTeHJlaX 
ACTPA, PEMK H rPor. Ha OCHOBe CTaTHCTH'-leCKOro aHaJIH3a nacnopTHhIX .11aHHbIX, pe3yJihTaTOB H3Mepe­

HHH pa3Mepos 11 secos rpa<f>HTOBbIX 6JIOKOB H .llJIHHbl .llH<l><f>YJirn TenJIOBbIX HeHrpOHOB s rpaq>HTOBblX KJia.n­
Kax onpe,neJieHbI fiJIOTHOCTb rpa<f>HTa, MHKpOCKOITH1ieCKOe ceqeHHe rrornow;eHIDI TefiJIOBbIX HeHrpOHOB rpa­
q>HTa C yqeTOM npHMeceH H oueHeHbl Heorrpe.neneHHOCTH HX 3Hal.feHHH. fIOKa3auo, l.fTO paccMarpHBaeMhIH 

pea.KTopH1>IH rpa<f>HT o6na.naeT BbICOKOli qffCTOTOH c MaJiblM co.11ep)f(aHHeM nornomarow.HX HeHrpOHbJ npH­
Meceit nony~eHHb1e Ha ocHose rrposeneHHoro aHaJIH3a <l>HJH'ieCKHe xapaKTepHCTHKH peaKTopHoro rpa<l>Hra 
cTeH.110B ACTPA PEMK. rPor xoporno cornacyK>Tc11 Me)f(.ny co6oit 

Physical characteristics of reactor graphite. N.N. Ponomarev-Stepnoi, E.S. Glushkov, G.V. Kom­
paniets, V.I. Nosov, E.I. Cbunyaev, E.V. Burlakov, V.M. Kacbanov, V.E. Zhitarev, V.A. Pavsbuk, A.S. 
Kaminsky, E.S. Subbotin. The data on physical properties of the graphite used in RRC "Kurchatov [nsti­
tute" at the ASTRA, RBMK and GROG facilities are summarized. Based on statistical analysis of the speci­
fication and measured data for weights and dimensions of the graphite blocks and for thermal diffusion 
length in the graphite stacking, graphite density has been determined, as well as the microscopic absorption 
cross-section for thermal neutrons with regard to impurities, and the uncertainties of these values have been 
estimated. The reactor graphite was demonstrated to be of high purity with low content of neutron-absorbing 
impurities. The physical characteristics of the reactor graphite obtained from the analysis for the ASTRA, 
RBMK and GROG facilities are in good agreement among themselves. 

51.Aeptta11 3HepreTHKa 6yJJ.ymero 6yJleT xapaKTepH30BaTbc11 pacwHpeHHeM npHMeHeHIDI aTOM­

HOH 3HeprnH )lJl.11 npOH380)lCTBa He TOJlbKO 3JleKTp03HepruH, HO H BblCOKOTeMneparypttoro Tenna 

AJIJI pa.311H"IHblX TeXHOJlOrH"leCKHX ueneH. BbICOKOTeMneparypttble peaKTOpbl C reJ1HeBbIM Tenno­

HOCHTeJleM (BTrP), TOilllHBOM B BH)le "laCTHU C MHOfOCJIOHHhIMH KepaMl{qeCKHMH noKpblTH.IIMH H 

rpaq>HTOM B Ka4eCTBe 3aMeAJIHTeJI.II H KOHCTPYKUHOHHOro MaTepHana .IIBJUIIOTC.11 O)lHHM H3 y )lali­

HblX peweHHH, KOTOpoe y )lOBJieTBOp.lleT 3THM Tpe6osaHIDIM [I , 2]. 
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Pean113aui-u1 )13HHOH K0Huenu1rn 0CH0BbJBaeTCSl Ha MH0roJieTHeM onbITe npoeKT11p0BaHID[, 

pa3pa6oTKl1 H 3KCnnyaTaUHH BblC0K0TeMneparypHblX peaKTopoB B HarneH CTJ)a.He 11 3a py6e)KOM 

[ I .. . 3 J. BbICOKaSl Tel\meparypa rem-lSl (850 ... J 000 °C) B TaKHX peaKTopax 003B0JlSleT HapSl.llY C 

11pOII3B0)lCTB0M 3JleKTp03HeprnH npH BblC0K0M K.Il.)l. IICl10Jlh30BaTb Tenno .LV]JI TeXH0JI0fHtleCK.HX 

uenett, Hanp11Mep, )lJJjl nonyYeHHSl B0.ll.0P0.LJ.a 113 B0)lbl. TaK3jl B03M0)KH0CTb cyinecTBeHHo n0Bbl­

lllaer 3K0J10fH4eCKYlO npHBJieKaTeJibll0CTb Sl)1epHOH :mepreTHKH. 3ToMy cnoco6cTByeT TaK)Ke Bbl­

COKHH TeMneparypHblH noTeHUHaJI TeOJI0H0CHTeJISl, CHJ,f)KatOLUHH TeITJI0Bbie c6pOCbl a 0KPY)KatO­

UJ,YlO cpe.LJ.y H n03BOJIIDOIUHH npHMeHHTb cyxHe rpa.LJ.HpHH, 4T0 o6ecnet.JHBaeT CB060.LJ.Y B BhI6ope 

nn0ula.LJ.0K pacn0JT0)KeHIUI CTaHU11H tte3aBHCHM0 OT HaJIH4HSl B0)lHOro pecypca. 

I3 HaCT0SlUlee speMSl B MHpe se.u)'TCSl pa3pa60TK11 BTfP M0.ll.YJibHoro THna (BITP-M) c ra3o­

BOH Typ6HHOH, TaKHX KaK rT-MrP c npH3MaTH4eCKHM11 TBC (CllIA, Poccm1, <l>pattl..l1-rn, 5Inomrn) 

[2] H PBMR c rnapoBhIMH T0nJIHBHblMH :meMeHTaMH (IOAP) [3]. PeaKTop1,1 TaK0ro THna o6Jia.LJ.a­

tOT npHHUHITHaJibHblMH npeHMyIUeCTBaMH no 6e3onaCHOCTH, CBJl3aHHblMH C 0TCYTCTBl1eM nJiasne­

HHSl aKTHBHOH 30Hhl npH aaaplfj{X C norepew. Tenn0H0Cl1TeJISl. B PHU. "Kif" HMetOTCH KpHTH4eCKH.e 

CTeHLJ,bl no H3y4eHHtO HeHTJ)OHHO-q>H3114eCKHX napaMeTp0B rpaq>HTOBblX peaKTopoB pa3H0fO THTTa. 

l1cnon1,3yeMhIH B TaKHx peaKTopax rpaqrnT JJ.OJl)KeH o6na)laTb MaJThIM co.LJ.ep)KattHeM norno­

mat0m11x HeirrpottbI np11Mecew [4 ... 7]. OonyYett11e oco6o t.JHCToro peaKTopttoro rpaq>HTa H KOH­

Tpon1, Tpe6yeMoro Manero C0JJ.ep)KaHHSI a HeM npHMecew, norn0UJ.alOIUHX HeHTJ)OHbl, npe.D.CTaB­

JlSltOT co6ow. CJI0~ Ja)laqy [6, 7]. Onpe)1eJieHHe K0JIH4eCTBa npHMeCeH B TaKOM rpaq>HTe XH­

MH4eCKHMl1 MeT0)laMl1 C Tpe6yeMOH BblCOKOH T04HOCTbtO npaKTHt.JeCKH HeB03MO)KH0. TI03TOMY 

)1JJSI onpe.D.eJiemtSl lJHCTOThl rpaq>HTa npHMeHSlIOTCSl q>H3H4ecKHe MeT0.LJ.hJ, 0CH0BaHHble Ha H3Mepe­

llHH xapaKTepHCTHK .LJ.Hq>q>y3HH TenJIOBblX HeHTJ)OHOB B rpaq>HTe. 

BnepBble HHTerpanbHble H3MepeHHR Heihpm-rno-q>H]H<JeCKHX xapaKTepHCTHK rpaq>HTa Bbl­

nomteHbl B PHL{ "Kif" B 1946 r., KOr)J.a 6bma CJI0)Kelfa rpaq>HT0B3jl KJia,nKa C pa3MepaMH 

600x600x600 CM H MaCCOH 365 T (nnOTHOCTb rpaq>HTa 1, 7 r/cM
3
). B pe3yJibTaTe npoBe)J.eHHJI co-

0TBeTCTByIOll{IIX 3KCnepHMeJITOB Ha 3TOH rpaq>HTOBOH Klla.LJ.Ke H3MepeHa .LVJHHa )1Hq>q>y3HH H oue­

HeI-ta BeJIH4HHa cpe)lHero 3q>q>eKTHBIIOfO MHKp0CK0ITH4eCK0ro cet.JeHIDI 3axBaTa HeirrpOHOB B 

rpaqmre, K0T0poe COCTaBHJI0 4,0 ± 0,2 M6apH [6]. HeirrpoHHO-q>H3H4eCKHe MeTO)J.bJ npoaepKH 

4HCT0Tbl rpaq>HTa onHpalOTCSl Ha MeTOJI.HKH Hepa3pyrnat0u~ero K0HTp0AA )lJlH npoBe)J.eHHR K0JIH-

4ecTBeH11oro 11 Kat.JeCTBeHH0ro a.HaJIH30B HCilbiryeMbIX H3)leJIHH 6e3 BJIHJIHHJI Ha HX q>l13H<JeCKOe H 

XHMH"<JeCK0e COCT0SlHHSl [8]. 
B 3TOH pa6oTe o6o6meHbl )J.aHHble no MeT0JI.aM onpe)leJieHHJI )1ID{Hbl .n11cpcj)Y3HH H q>H3Ht.Je­

CKHM csoHCTBaM rpaq>HTa, nonY"<JeHHbJe Ha cTeHJJ.ax ACTPA, PEMK H fPOf. Ha octtoBe attanH3a 

nacnopTHbJX )J.aHHhJX H pe3yJJbTaT0B H3MepeHHH IlOKa3aH0, l.JT0 peaKTopHbJH rpaq>HT o6Jia.LJ.aeT He-

06xo,n11MOH ITJI0TH0CTbtO H TJ)e6yeMOH BbICOKOH lfHCTOTOH C MaJlbJM C0JJ.ep)KaHHeM nornoma10mHX 

HeHTpOHb1npHMece11. 

1. KpaTKOe ODHC3HHe 1·eoMeTpu11 rpa4>uTOBblX KJl~OK 

1.1. Fpa(jJumo6aR KllGOKa Kpumu11ecKou c6opKu Ha cme11oe A CTP A npe,ncTaBJISleT co6ow npSl­

MOH Kpyroaoi:t UHJIHHJJ.P ,nHaMerpoM 380 CM H BbJCOTOH 460 CM [4, 9, JO]. Ha uettTpanbHOH ocH 

c6opKH HaX0.l{HTCSI rpacj)HTOBbJH BffYTPeHHl1H 0TJ)3)1(3TeJib (BO), pacnOJIO)KeHHbJH Ha)l HIDKHHM 

T0pl..leBblM OTJ)3)KaTeJieM (HTO). oOKOBOH oTp3)KaTeJlb (EO), HTO HBO c6opKH co6paHh1 H3 rpa­

q>HTOBblX 6JIOKOB C pa3MepaMH 25x25 CM B Ce4eHHH. BblCOTa 6JIOKOB EO COCTaBJISleT 60 CM 33 HC­

KJltO'-leHHCM IIH)l(Hero CJI0SI BblCOTa K0T0poro paBHa 40 CM, a acex 6JIOKOB HTO - 40 CM. B K3)1(­

Jl0M rpaq>HTOBOM 6JIOKe HMeeTCSl K3HaJI )J.HaMeTJ)OM 114 MM, pacnoJIO)KeHHhJH no BepTHKaJlbHOH 

OCH 6110Ka. rpa4>HTOBble npo6KH Toro )Ke )lHaMe'l'pa ycTaH0BJieHbl B 4aCTH KaHaJIOB oO, a TaK)Ke 

ao acex KaHanax HTO H HH)l(Hero c110Sl EO. B HeK0TOpbrx rpaq>HTOBhIX 6noKax oO H BO npe.LJ.Y­

CM01·pettb1 Bepn!KaJlbHble 3KcnepHMeHTaJibHble KaHaJihl ce'-leHHeM 30xl5 MM. 
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~ ¢opMHposamu1 BHeurnei1 nosepx­

HOCTH EO B BHJJ.e Kpyrosoro UHJIHHJJ.pa C 

JJ.HaMeTpOM 3 80 CM nepHqlepHHHbJe 6JIOKH 

60 npOUIJIH COOTBeTCTBYIOIIzyK> Mexattwie­

CKYJO o6pa60TK)'. lfacn rpaqJHTOBblX 6JIOKOB 

Ha BttyrpeHHeH rpaHHUe 60 H l{eTbipe nepH­

¢epHHHbie KOJIOHHbl BO TaIOKe MeXaHHlfeCKH 

06pa60TaHh1 AJI,SI o6pa:30Battllil B ropH30H­

TaJibHOM CelfeHHH q)OpMbl BOCbMHJfOJibHHKa. 

lfMeiom~C,SI noJIOCTb a cpe.nHeH 'IaCTH c6op­

KH Me)f(JO' nosepXHocnMH BO H EO 3anon­

HJ1Jiacb wapOBblMH 3JieMeHTaMH, o6paJyjl 

KOJihUeByio aKTHBH)'lO 30H)'. Ha pHC. 1 npH­

se.neH o6mHii BHJJ. KpHTHtieCKOH c6opKH AC­

TP A, MOJJ.eJrnpyiomei1 peaKTop BTrP. 

1.2. I'pa<f;umoeaJI. KllGOKa cmeHoa 
P EMK. KpHTwiecKHH cTeHJJ. PEMK sse.neH B 

CTPOH B 1981 r. c rpa¢HTosoif KJiaJJ.KOH HJ 

WTaTHblX rpaqJHTOBbIX 6JIOKOB PEMK KBaJJ.-

PHc. I. <I>oTOrpaq>IDI KpHTH'lecKoA c6opKH ACTPA c 
K0Jibl{eB0H aKTIIBHOH 30H0H: l - rpaq>HTOBblH £0 C 
sepxHHMH KpbillJKaMH; 2 - K0JlhUeBasi aKTHBHaR 30Ha; 
3 - BO HJ rpaq>HTOBblX 6JIOKOB; 4 - KaHa.n K07 ,llJUI pe­
rymtpyiow.ero cTep,1nU1; 5 - perynupyiouutii cTep)KeHb 

paTHOro Ce'IeHHjl co CTOpOHOH 250=::~ MM (pHC. 2). Pa3Mep OCHOBaHHjl KJiaJJ.KH 4,5x4,5 M BbICOTa 

4,1 M. Kna.nKa COCTOHT H3 324 (18x18) sepTHKaJibHblX rpaqJHTOBblX KOJIOHH. KIDK.D.~ KOJIOHHa co-

6patta H3 wecTH 6JIOKOB BblCOTOH 600 ± 0,5 MM H OJJ.HOro sepxHero 6JIOKa BbICOTOH 500 ± 0,5 MM. 

Bee 6JIOKH HMelOT no ueHTpy sepTHKaJibHOe 

OTBepCTHe JJ.HaM~OM 114+0,
23 

MM JJ.JI,SI ycTa­

HOBKH rpaqJHTOBhIX BTYJJOK C JJ.HaMeTpaMH 

114 ~:~! /89+-0·
2 

MM H TeXHOJTOrWieCKHX KaHa-

1108 HJ cnnasa CAB-6 c JJ.HaMeTpaMH 

88 +0.2 /8O+o,3 Illar 
-1,0 -0,2 MM. pemeTKH 

TeXH0JI0fH'IeCKHX KaHaJIOB 250 ± 0,25 MM. 

C Y4eT0M .nonycKOB Ha pa3Mepb1 rpa¢H­

Tosoro 6JIOKa, rpaqJHTOBOH BTYJIKH H TeXHO­

JIOrWieCKOro KaHana cymeCTBYJOT 3a3OpbI 

Me)f(JO' rpaqJHTOBblMH KOJJOHHaMH ~ 1,3 MM, 

rpaqJHTOBblMH szym<aMH H 6JIOKaMH 

~ 0,2 MM, TeXHOJI0fHlfeCKHMH KaHaJiaMH H 

BTYJIKaMH ~ 0,8 MM. 

CpeJJ.H,Sljl nJIOTHOCTb rpaqJHTOBblX 6no­
KOB COCTaBJI.srna 1,715 r/cM

3
. 3¢¢eKTHl3H~ 

nJIOTHOCTb rpaqJHTa, nonyqeHH~ C roMore­

HH3al{HeH no 3a30paM Me)K)ly 6JJOKOM, BTYJJ­

KOH H TeXHOJI0fH4eCKHM KaHaJIOM B npe.ne­

nax $14eHKH 250x250 MM, paBHa 1,687 r/cM
3 

(npHJJO)KeHHe Q. 
,lvijl pa3MemeHHJI HCTO'IHHKa HeffTPOHOB 

B KJiaJJ.Ke HMeeTCjl ropH30HTaJibHblH KaHaJI, 

npoXOJJ.jIIJ.lHH Ha paCCTOSIHMH 2 M OT HH3a 

KJiaJJ.KH Me)K)ly JJ.BYM.s!. u.eHTpaJibHblMH p.si..na-
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PHC. 2. KaprnrpaMMa UJTaTH0H rpaq>HTOBOH KJiallKl-1 
CTeH.na P6MK H cxeMa pa3Mememu1 11cT0'lHHKa 11 .ne­
TeKTopa HeATp0H0B: N2N!! 1. .. 20 - sepTliKaJibHbte Ka­
Ha.Jibl 045 MM .nm1 pa3MemeHIDI B HHX neTeKTopa He.H­

TP0H0B np11 113Mepemrn <1> 1.(r); N!! 21 - Kattan .llJISI pa3-
MemeHHR .neTeKTopa npH H3MepeHHl1 <I>11(r); K -
CKB03HOH KaHa.n .llJlR eeo.na HCT0'lH1-tKa 252Cf B c6opxy; *- KaHan c HCT0'lHHK0M HeihpoHOB 

252 Cf 
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MH rpacpHTOBblX KOJIOHH. BttyrpM 3T0f0 ropM30HTaJlbHOf0 KaHana ycTaHOBJieHa TPY6a H3 CllilaBa 

CAB-1 c .UHaMeTpaMH 43/41 MM. 

KpoMe Toro, KJia,UKa HMeeT 33 sepnucam.HbIX KaHaJIOB .LJ.HaMeTpOM 45+0,
34 

MM, 3anOJIHeHlfl,1x 

rpacpHTOBblMH CTep)KHSIMH )]}laMeTpOM 45+0,
23 

MM. rpacpHTOBaSI KJia.U.Ka TTOKOHTCSI Ha CTanbHOH. Me­

TaJIJIOKOHCTPY~HH KOp064aTOro nma 06me11 MaCCOH 6 900 Kf H npHnO,llllilTa Ha.LI. 6eTOHHblM no­

JIOM Ha 46 CM. bOKOBaSI nosepXHOCTh KJia;::cKM ITOKpbITa CJIOeM Ka.LJ.MlUI TOJIUJ,HHOH 0,5 MM. 

B 1989 r. Ha CTeH.LJ.e PEMK npose.n.etta 3aMetta 196-TH (14xl4) KOJIOHH u;eHTpanbHOH qacn1 
WTaTHOH KJia,UKH ·Ha MO.U.epHH3HpOBaHHbie, COCTOHlllHe H3 rpacjmTOBblX 6JIOKOB C nonepe11HblM ce­

lfCHl-teM s cpopMe npaBHJibHOfO BOCbMHYfOJTbHHKa co CTOpOHOH 103 MM npH coxpaHeHIOI ra6apHT­

HOfO pa3Mepa 250 MM. B pe3yJibTaTe npH coxpaHeHHH mara peweTKH KaHaJIOB KOJIHlfeCTBO rpacpH­

Ta s Sl-qeHKe yMeHbmae-rcSJ npHMepHo Ha 19,5 .%, 06ecne'lli8aS1 OTJ)HU,aTeJibHbrH naposou. 3cpcpeicr 

peaKTHBH0CTH Ha pa6oTruoUJ,eM peaKTope C BblfOpeBlllHM T0llilHBOM. Mo.uepHH3HpOBaHHaSI rpacpH­

TOBaSI KJia,UKa CMOHTHposatta )J..JlSI peaKTopa 5-ro 6noKa KypcKOH A3C. 

TiepBblH Hapy>KHJ,IH PSI.LI. KOJl0HH H lfeTbipe yrnoBbie KOJI0HHbl BTOporo PSl.lla KJia,UKH CTCHJJ:a 

OCTaJIHCb co6paHHbIMH H3 WTaTHbIX 6110KOB Ksa.upaTHOro CClfCHHSI. OcTanbHbie KOJlOHHbl BTOporo 

PSI.LI.a 3aMeHeHbJ Ha KOJlOHHbl H3 UJCCTHrpattHblX 6JIOKOB, y K0TOpbIX B OTJUl1Ilte OT UJTaTHbIX 6JTo­

KOB cpe3aHbI .u.sa pe6pa, 06pam.eHHb1e BHYfpb KJia.LJ.KH. KapTorpaMMa Mo.u.epHH3HposaHHOH KJla,llKH 

CTCH.LJ.a PEMK nOKa3aHa Ha pHC. 3. B HCM coxpaHeH ropH30HTaJlbHblH Kattan )J,.JlSI HCTOlfHHKa HCH­

TpOHOB. Cpe.LJ.HSISI ITJT0TH0CTb rpacpHTOBblX 6noKOB 1,725 r/cM3, a 3cpcpeKTHBHaSI lliJ0THOCTb rpacpH­

Ta BHe KpyrnbIX H Ksa.u.paTHbIX sepntKanbHE,IX KaHanos 1,701 r/cM
3 

(npHJIO)KeHHe I). 
I 

P11c. 3. KapTOrpaMMa MonepHH3HpoBaHH0H rpaqmTOBOH KJiaJlKH CTeHna PEMK H cxeMa pa3MemeHIDI HC­

T0'-IHHK0B J,I neTeKTOpa HeHT))OHOB: N~!! 1.. .24 - KaHa.Ilhl JUUi pa3Melll,eHID! )leTeKTopa rrpH H3MepeHHH 

<l> J_(r); N'!! l 8 - KaHcUI }]JUI pa3Mememur )leTeKTOpa npH H3MepeHHH <l>u(r); N'!! 39 - KaHan C HCT04HHK0M (Pu­
B e) ; * -uettT))anhHhlH KaHan c HCTO'-IHH.K0M 

252Cf 
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Tip11 3anonHeHHH BepniKMbHhlX KaHanOB ceqeHH­

eM 103xl03 MM B yrnax Sll.feeK Mo.uepHH3HpOBaHHOH 

KJIMKH CTett.ua rpaq>HTOBblMH BKJia.D;bllUaMH B03MO)KeH 

nepexo.u Ha BapHaHT illTaTHOH rpacpHTOBOH KJia.D;KH. 

1.3. I'parjJumoeaR KJtaOKa cnieHoa I'POI' npe.u­

CTilBflSleT co6o.ii Ky6 c pa3MepaMH rpaHH 4,5 M. Knau­
Ka C0CT0HT H3 K0fl0HH, co6pattHbrx H3 rpaq>HTOBbrx 

6JI0K0B pa3MepaMH 25x25 CM B ceqeHHJ,f 11 BblCOTOH 

60, 30, 20 CM. OcHOBHaSI qaCTb 6JIOKOB HMeeT 9 sepTH­

KanbHhIX OTBepcnrn .UHaMeTJ)0M 55 MM, pacrr0JI0)KeH­

HblX no KBa.upaTHOH peweTKe c waroM 83,5 MM. OOKO­

Bble K0JI0HHbl KJia.UKH co6pam,1 H3 6noKOB, HCn0Jib-

3yeMblX B peaKTopax nma PEMK, c ueHTJ)a.m,HbIM oT­

BepcmeM .UllaMeTp0M 114 MM. KpoMe BbIWeyKa3aH­

HblX QHJIHH.upHt.JeCKHX OTBepCTifH (nopHCTOCTb E = 34 
%), B KJla.D;Ke HMeJOTCjJ Me)K6JIO"lHble 0TBepcTHSI .UHa­

MeTp0M 16 MM H Me)K6JI01IHbie meJIH TOJII.IlHHOH - 1 
MM (E = 0,8 %), K0T0pble o6pa3yIOTC51 npH M0HTa)Ke 

rpa<pHTOBOH KJla.D;KH. 

l1faMepeHl151 .u11cpcpy3HOHHb£X xapaKTepHCTHK npo­

B0.UHJIHCb Ha c6opKax K-01 H K-02. C6opKa K-01 
npe.ucTaBMna co6oii onHCaHH)'JO BbIIlle KJia.UKY H3 

rpa<pHTOBblX KOJI0HH. B c6opKe K-02 ornepCTH51 s 
6noKax 3aITOJIHRJIHCb rpaq>HTOBblMH npo6KaMH .uaa­

MeTp0M 50 MM, HMeJOIUHM.H TY )Ke ITJI0TH0CTb, 1IT0 11 

0CH0BHaSI Macca rpaq>HTa. Ha pHC. 4 npHBe.UeHbI cxe­

Mbl nonepeqHblX ceqeHHH .uaHHblX c6opoK. 

2. TeopeTHIJCCKOe o60CHOB8HHe MCTO,Ua 

onpe.ueneHHB .UJIHHbl .uu4»4»y1nu 

a) 

6) 

IO 
C') 
co 

PHc. 4. CxeM1>1 nonepeqm,rx ceqeHHi1 c6o­
poK K-01 (a) H K-02 (6) CTeH,lla rPor: 1 -
Me)K6J1oqHb1e OTBepCTHJI 016 MM; 2 - I:QeJIH 
TOJllIJ,HHOH 1 MM; 3 - OTBepCTHJI IlO.ll TeXHO­

JJOrH'-leCKHe KaHaJihI; 4 - rpa<t>HTOBble Ja-

2.1. YpaeHeHue oucftrjJy3uu oJlJl Hepa3MH0:>1ea10U,1eu rny[Il_l(J,f 050 MM; 5 - men11 UHJJHHJipWie­

cucmeMbl s CTal..(H0HapH0M C0CT0IDUiH HMeeT BH,Ll (11] CKHe 

DV2<f> - La<I> + S = 0, (1) 

r.ue D - KOJ<p<pHUHeHT .llH<pcpy3HH; La - MaKp0CK0TIHYCCK0e 3cpq>eKTHBHOe cel.feHHe nornomeHIDt; S 
- l.fneH ypastteHHJI, xapaKTepH3yIOlllHH H:HTeHCHBH0CTb o6pa3oBaHIDI HeH'fJ)OHOB B l CM

3 
3a 1 C. 

,[(anee nonaraeTCX, qTQ l.fJleH ypaBHeHllil S paBeH ttynJO BCIO.l()' 3a HCKJIJOYeHHeM MeCTa, B K0-

T0p0M Hax0.UHTCX caM HCTQqHH_K (TOl.fKa, JIHHHX HJIH ITJIOCKOCTb). 8 3T0M cnyqae ypaBHeHHe (1) 
CB0.UHTCSI K 0.UH0p0.UH0MY BH.l()', npHMeHJieM0MY BO BCeH CHCTeMe Kp0Me caMoro HCT0l.fHHKa: 

V2 <f> - Cl>2<f> = 0, (2) 

r.ne o:l = La ID. 
,[(n.s1 0TblCKaHl1SI pacnpe.ueneHHX HeHTJ)OHHOro n0T0Ka <I> ypasHeHHe .u11cpcpy311H (2) pewaeTCSI 

BHe o6naCTH HCT0l.fHHK0B, a 3aTeM Ha peweHHe MX <I> ttanaraJOTCSI C00TBeTCTBYJOIUHe rpaHH1IHble 

ycn0BHSI H Y4HTbl8aeTCSI HMHYHe HCT0l.fHHK0B B MeCTax HX pacTI0JI0)l(eHHR. IlpH 3T0M onepaTop 

narn1aca Bblpa)KaeTCSI B TaKHX K00p,LlHHaTax, K0T0pble y.no6tto HCn0Jlb30BaTb npH peweHHH pac­

CMaTpHBaeMOH 3a.D;a4H. 
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2.2. PeweHue OJlJI. nomoKa 11eumpoH06 6 6ecK011e'l/.11ou 0011opoo11ou cpeoe. PaccMaTJ)HBaeTc.sr 

6eCKOHe4Ha.sI O)J.HOpo,n:Ha.sr 3aMe,nmaow:a.sI cpe.n.a C TOYetJH.blM HCTO"lHHKOM 6.bICTJ)blX HeHTJ)OHOB, 

pacnOJlO)KeHHblM B Ha4aJTe KOOp.LJ.HHaT (r = 0). ITocKOJil>KY pacnpe,n:eJJeHHe HeH:TpOHHOro llOTOK.a <I> 

ccpepHtJeCKH CHMMeTpwrno, perneHHe ypaBHeHIDI .LJ.H<pcpy3HH )J.JUJ <I> HMeeT BH)J. (11 ... 13] 
A 

<I>(r)=;-exp(-r/L), (3) 

r.n.e r - paccTo.srmte OT HCToqmrKa; L - ,lJ,JJ_HHa )J.H<p<py3HH B 6eCKOHetJHOH H30TJ)OT1HOH cpe,n:e (rurn 

KOM0OHeHTa TeH30pa .Ll,JJ_HHbl .LJ.Hcpcpy3HH no Bb16paHHOMY Hanpaanemno B aHH30TpOITHOH cpe.n.e ); 

A = 0,25nD - npOH3BOJJbHa.sI ITOCTO.slHHa.sI, onpe.n.en.sreMa.sr H3 ycJJOBH.sr HOpMHpOBKH Ha MOW:HOCTb 

HCTOYHHKa (O.LJ.HH HeHTpOH 3a 1 c). B COOTBeTCTBHH C COOTHOllieHHeM (3) llOTOK HeHTµOHOB 8 Ka)K­

)J.OH TO4Ke paccMaTJ)HBaeMOH cpe)J.bl 3aBHCHT TOITbKO OT pacCTOSlHIDI r )J.0 HCTOlJHHKa npH ITOCTO­

.slHHbIX D H L. 
2.3. Pewe11ue OJlJI. nomoKa 11eumpo11oe 6 001-topooHou npRMoy2ollbHOu cU2Ma-npU3Me. PewettHe 

ypaBHeHIDJ ,n:Hcpcpy3HH ,n:n.sr ITOTOKa TenJJOBblX HeHTJ)OHOB B O)J.HOpO)J.HOH 3aMe,n:n.sr10w:eii cpe.n.e, 

HMe10w:eii cpopMy np.srMoyrOJJbHOro rrapaJTnenemme,n:a C HCT04HHKOM 6.bICTpbIX HeHTJ)OHOB Ha O)J.­

H0M ero KOHQe (KoOp)J.l-lHaTa z), norryqeHO B pa6oTe [11]. TipH 3TOM YtJHTb[BaJJOCb, 'ITO B cnyqae 

xopornero 3aMe,lJ,JJ_lffellil 66JibIIIa.sr_ qacTb 6.bICTJ)bIX HeihpoHOB 3aMe)J.J1HTC.sr- .l{O TenJJ0BblX 3Heprnii 

Ha cpaBHHTeJlhHO MaJJOM paCCT0.slHHH OT HCT04HHKa (> ~). TipH .l{aJTbHeiimeM paCCMOTpeHHH rro­

naraeTCH, 'ITO HeHTµOHHbl..H ITOTOK <l> npOHCXO)J.HT OT pacnpe,n:eneHHoro HCT04HHKa TeIIJI0BbfX 

tteihpottoa, pacnoJJO)KeHHoro s nnocKOCTH z = 0 nonepeK ,n:attttoro napaJJJierrerume,n:a H3 3aMe.l{­

n.sr-10w:ero MarepHana. 

O6w:ee peweHHe ypasHeHIDJ .LJ.H(p(pY3HH ,n:n.sr ITOTOKa HeHTµOHOB <I> 8 O)J.HOpO)J.HOH pacceH­

aaiow:eii cpe.l{e c HCT04HHKOM tteHTµOHOB, HMeiow:eii cpopMy npsi:MoyronbHOro napannenenHTie,n:a 

( CHTMa-npH3Ma), 3aITHCbIBaeTCH B cne.n.yIOIIJ,eM BH)J.e C Y"feTOM ycrrOBH.sr paaeHCTBa H)'J110 nOTOK.a Ha 

3KCTpano1rnpoBaHHhIX rpaHHI..{aX npH3Mbl [ 11]: 

~ ~ mru: mcy 
<l>(x, y, z) =~~Arnn cos-cos-sh[y mn(c - z)], 

m=l n=I a b 
(4) 

r)J.e a= a0 + 2-0,71"-t-p, b = b0 + 2-0,71¾, c = c0 + 0,71¾ - 3KCTpano1rnposaHHbIe pa3MepbI 

npH3Mhl B HanpasJieHIDIX X, Y, z, COOTBeTCTBeHHo; ao, bo, Co - reOMeTJ)Ht.tecKHe pa3Mepbl rrpH3MbI; 

¾ - TpattcnopTHa.sI ,n:nIrna cso6o.n.ttoro npo6era Heihpottos B Hccne)J.yeMoii pacceHaa10w:eii cpe.n.e; 

m, n - u.eJJble He4eTHble YHCJia, OTHOc.srw:11ec.sr K CO0TBeTCTBYIOW:HM rapMOHHKaM o6ruero peweHH.sl 

ypaatteHH.sr .LJ.H<pcpy3HH; Ymn - senlfCIHHa, o6paTHa.st JJ,JIHHe penaKcaumt )J.JUJ m, n-rapMOHHK. Ko3cp­

(pHU.HeHT penaKC3UHH Ynm CB.sr3aH C cpH3Ht:ieCKHMH H reoMeTJ)HtJeCKHMH napaMeTJ)aMH np.srMO-

yroJibHOH CHrMa-npH3Mhl Bblpa)KemleM 

Y~m = 1/ L2 + (1tm/a)2 + (nn/b )2. (5) 

B COOTHOllieHHH (4) perneHHe np1-1 6oJibll11-fX z OITHCblBaeTc.sr 3KCTTOHeHTOH exp[-Ynm z]. C y'4e­

TOM ycJIOBH.sr HOpM.HpOBKH Ha M0IUHOCTb HCT04HHKa S HMeeT MeCTO OKOHYaTeJibH0e Bbipa)KeHHe 

.un.sr noTOKa HeHTJ)OHOB <I> (11] 

2S ~ ~ 1 mru: nny 
<I>(x, y, z) =--~~- cos--cos- exp(-ym11 z). 

abD m=I n=I 'Ynm a b 
(6) 

B COOTHOllieHHH (6) Ymn xapaKTepH3YeT norapH<pMH.tJeCKHH )J.eKpeMeHT 33T)'X3HH.sl ITOTOKa BJ{OJlb 

OCH z. Ka)K.LJ.bJH H3 '4JleHOB p.sr,LJ.a (6) npH y.n.aneHHH OT HCT04HKKa TeTTJI0BblX HeihpOHOB 3KCITO­

HeHUHaJJbHO cna,LJ.aeT co csoeii ,n:nHHOH perraKcauHH, paaHoii 11Ymn. 
KaK BHJ{HO H3 (5), )J.eKpeMeHT 3aryx.aHH.sl Ymn 803paCTaeT C pOCTOM m H n, H 003T0MY BbICll1He 

rapM0HHKH cna.uaIOT c pacCTO.srHHeM 6blCTpee, YeM rnaBHblH '4JleH p.st)la c m = 1 H n = I, T.e. BKJiaJ{ 

BblCOK.HX rapMOHlfK 8 ITOJIHblH ITOTOK CTaHOBHTC.sr He3HatJHTeJ1bHblM. TaKHM o6pa30M, pacnpe)le-
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11ettHe noTOKa TenJlOBbIX HeHTpOHOB B.D,OJlb OCH Z MO)KHQ 3anHCaTb B CJ1e.D,y10meM BH.D,e .D,JUI T04eK, 

KOTOpbie Y.D.aJieHb( OT □JlOCKOro HCT04Hl-ll(a TenJlOBbIX HeHTpOHOB Ha paCCTO.SIHHe .LJ.Byx-Tpex M HH 
.L1H<P<PY3HH HOT Topua napa.rtnenenHne.D,a tta paccTO.RHHe - .LJ.Byx .D.JIHH pemuccaw,rn: 

<I>(z) = canst exp(- y IIz) . (7) 

11.3 COOTHOllleIDUI (7) cne.rzyer, 'ITO pacnpe.D,eJieHHe nOTOKa B nonynorapHq>MH'leCKOM MaC­

wrn6e HMeeT JlHHeHHblH xapaKTep B npe.D,eJTaX BblllleyKa3aHHblX orpaHH"'leHHH, T.e. 

dln<I>(z)ldz = - yIIz . (8) 

IlpH HCOOJlb30Bamrn peweHIDJ ypaBHeHH.SI ,lU,tq>q>y3HH B cpopMe ( 6) Ha"CfaJIO KOop,nHHaT COBMemaeT­

C.sl C paCTIOJIQ)KeHHeM q>HKTHBHOrO IlJlOCKOro HCTOlffiHKa. 

2.4. PeweHue OJlJl nomoKa HeumpoH06 6 ooHopooHou 1JWIUHopu11ecKou cU2Ma-npU3Me ,ll,11.R oc­

HOBHOH rapMOHHKH <I>11(r, z) HMeeT CJTe.LzylOllJ,HH BH.D, C Y"lfeTOM paBeHCTBa ttymo nOTOKa HeHTpo­

HOB Ha JKCTpano1mpOBaHH.blX rpam1uax npH3Mbl [12]: 
<1>1 ,(r, z) = canst J0(j01r/R)sh[y11(h - z)], (9) 

me R = Ro+ 0, 7 lA-rp, h = ho+ 0, 71 Arp - JKc-rpan01mposaHHbie pa3MepbI UHJIHH.D.pH"CJecKoH npH3MhI 

B HanpasJieHIDIX R, Z, COOTBeTCTBeHHO; Ro, ho - reoMeTpHtieCKHe pa3Mepbl rrpH3MhI; Jo, = 2,405 -
nepBbIH KopeHo q>ym<.UHH Eecce.JIJI J0(j01r/R) eyneBoro nop.11.D,Ka nepsoro po.na. BeJIH4llHhI L,j0i/R 
H Yt 1 CB.Sl3aHbl COOTHOIIIemfeM 

Ecmf pa3Mep U.HJIHH.D,plfCleCKOH npH3Mbl B,LJ:OJlb OCH z .D,OCTaTO"lfHO BeJlHK, TO pemem-1e (9) D.JI.SI 

<I>11(r, z) CBOD.HTC.SI K COOTHOllleHHJO (7). 
2.5. Coom110weHUJL OJlJl onpeoelleHUJl KOMnoHeHm meH3opa OflUHbz ouqHjJY3uu. B npoH3BOJib­

HOH rereporeHHOH cpe.ll,e .D.H<P<PY3IDI HeHTpOHOB HOCHT aHH30TpOITHbIH xapaKTep, t{TQ .SIBJIJleTC.SI 

npH"CJHHOH BBe,neHIDI TIOH.SITIDI TeH3opa .D.Hq>q>y3HH [13, 14]. ,llrul KOJIH'-IeCTBeHHOH xapaKTepHCTHKH 

TeH30pa ,ll,JlHHbl .D.Hq>q>Y3HH B reTeporeHHOH cpe.D.e C pery.JIJ1pHOH peIIIeTKOH rrycTbIX napanneJibHbIX 

KaHaJIOB (B.D.OJib OCH Z) .D.OCTaT04HO orrpe.ll,eJIHTb CllelJ.YIOlllHe .D,Be KOMTIOHeHTbl TeH30pa: Lu = Lz -
,ll,JlHtty .D.Hq>q>y3HH B HanpaBJleHHH Kattana (Z); L1. - ,ll,JlHtty .D.Hq>q>y3HH B nJIOCKOCTH, opTOroHanb­

HOH OCH z. EcnH B npouecce npoBe.D,eHIDI H3MepeHHH onpeJJ,eJlHTb 3TH KOMnotteHTbl TeH30pa .LJ.Hq>­

<PY3Hlf B CHCTeMe, pa3Mepbl KOTOpOH no OCH Z .D.OCTaT04HO semurn, TO MQ)KHQ ou.eHJffb 3Ha4eHHe 

.D,JlHHbl .D.Hq>q>Y3HH Lo B cpe,LJ:e 6e3 KaHaJIOB. 

K11a0Ka cmeHoa PEMK. _nn.11 CB.R3H senwurn Ln, L1. H Lo Hcnonh30BaJIHCb H3BeCTHbie cooT­

HomeHH.R .D.JI.R L11 I Lo [14] H L1.I L0 [15] 

(L0 / L0 )2 = l + 2p + l ,5pRQ/')..0 ; (11 ) 

(L "L )2 _ pR l + 2p + pI0 / (2R) 
l. I O - l + 2p +-=- ; - ' 

A0 1 + p / 2 + R A0 

(12) 

rJJ,e p = vn I VB - nopHCTOCTb HCcne.rzyeMOH CHCTeMbt; Vn - o6'beM KaHaJIOB- nyCTOT; Ve - o6'beM 

semecTsa stte Kattanos; R = 2Vn Is: - J<pq>eKTHBHbIH (ntJJ.pasJIHqecKJfi:i) paneyc Kattana; si -
6oKOBa.SI nosepxHOCTb KaHanoB; )..0 = I/"'£0 - cpeJJ.HJ1.11 .D.JlHHa cso6o.uHoro npo6er a HeHTpOHOB B 

-2 2 
cpe.ne BHe KaHanos; Q = f If - KOJq>q>HUHeHT q>opMbl ceqeHH.R KaHana, paBHbIH OTHOllleHHIO 

KBaJJ,paTa cpe.D,HeH xop.LJ.bl K cpe,nHeMy KBaJJ,pary xop.D.bl nOJIOCT lf (.D.11.SI nOJIOCTeH Kpyrnoro ce4eHH.SI 

Q = 4/3 [ 13]). B cpe.D,e C pery11.11pHOH peweTKOH KaHaJIOB see reOMeTpH"'leCKHC napaMeTpbl OTHO­

C.SITC.SI K O,lJ,HOH JJieMeHTapHOH .R4eHKe CHCTeMbl. 

B rpa<pHTOBOH KJia.D,Ke CTeH.ll,a PEMK HMelOTCSI KBaJJ,paTHble If Kpyrnhie UHJIHH.D.pH'ICCKHC no­

JlOCTH, 6nH3KHe no n11oman1-1 ce'leHH.R H 06pa3y10m1-1e BJ10)KeHttb1e peweTKH pasHor o wara. CTpaK­

TH4eCKH BO BCeH HCCllelJ.YeMOH ClfCTeMe Ha 0,llHy JJieMeHTapttylO .Sl4eHKY npHXO.ll,HTC.SI no O.D.HOMY • 
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KattaJJy Ka)KJ).Oro nma, '!TO y-MeHhwaeT B03MO)KH)'JO norpewHocn npH onpe.neneHHH 3cf>Q)eKTHB­
HbIX napaMeTpOB nycTOT s COOTHOWeHHKX (1 ]) H (12). ,L(rul oueHKH pH R npHMeHJtnHCb COOTHO­
weHI-UI 

(13) 

r.ne HH}leKCbl "o" H "□" o6o3Ha'!aJOT KaHaJJbl pa3HblX TIITIOB .QJUI UHJlHHJlpHt-teCK.HX KaHaJJOB COOT­
BeTCTBeHHO C KpyrOBblM H np51MOyrOJ1bHblM Ce'!effHjJMH; VR'l = 625 CM3 

- o6beM jll,feHIGf rpaqnrro­
BOH KJla}lKH Ha e}lHHHlzy BbICOTbl. 

KAaoKa cmeHoa I'POI'. ,lln51 CB513H senH'!HH Lrr, L1. H Lo Hcnonh30BaHht cooTHOWeHHjJ [13] 
2R 3 R 

(Lrr I L0i = 1 + 2p + p2----:;-(e2
Rl<PJ.o> - 1yt + 2pQ:;-, (14) 

PAo Ao 

(Ll. I Loi= 1 + 2p + p2 2
R (e2

Rl(p'J.o) - 1r1 +¾pQ~ . (15) 
P"-o "-o 

3,necb o603HaqeHHjJ TaJGfe )Ke, KaK 8 Bbipa)KeHHKX (11 ), ( 12). y CJlOBHe npHMeHHMOCTH 3THX cpop­
MY11 B cpe.ne C nyCTblMH KaHaJJaMH Ha paCCTOmHH h OT IlJlOCKOro HCTOttHHKa, 11epnett.nHKym1pHoro 

KaHanaM, HMeeT BH.ll 

R/h << I, R/(H -h) << I, (R/ L11 )F(h/Ln) << 1, 
r.ne (H - h)- paccTomrne OT T04KH h .no KOHUa KaHaJJa, 

f
x e' ex 

F(x) = -dt - - (1+1/x). 
_ t X 

(16) 

(17) 

B reTeporeHHOH cpe.ne C nycTblMH KaHaJJaMH K03cf>cf>HUHeHTbl penaKCaUHH .QJUI nepBOH rap­

MOHHKH 8 cny'!ae npOJlOJlbHOH (Yrr) H nonepettHOH (Y1.) JlHcf>cpy3HH HeH.TpOHOB CBj13aHbt C q>H3H1·-le­

CKHMH 11 reOMeTpHt-teCKHMH napaMeTpaMH HCCJleeyeMOH npH3Mbl COOTBeTCTBeHHO COOTHOWeHHjJ­

MH [13] 

r: = ;t +( ~J[( :J +( :J']= ;/1 +B{ ~J• 
2 = _1 +(La )

2

[(1tJ
2 

+(1tJ
2

] = _1 + B2(Lrr )
2 

'Y 1. Lt L 1. b c Lt 1. L 1. ' 

(I 8) 

(19) 

r,ne Bii, Bi- 4aCTH nannacHaHa, 3aBHC511.l.U-te OT ttanpaBnettHii; a, b, c - 3KCTPanonHpoBaHHbte 

pa3Mepbl HCC11eeyeMblX npH3M. 

3. CTaTucTuqecKasr 06pa60T1ca }laHHLIX rpacl>uTa cTen}la ACTP A 

3 .1 . OnpeoeJleHue nJIOmHocmu 2pa<j)uma. B 11pouecce MOHTIDICa rpacf>HTOBOH KJla}lKH creH,1J,a 
ACTPA nposo,nHJ1ocb B3Bew1-rnaHHe tta 3ne1CTpOHHbIX secax " MeTrnep Tone.no" rpacf>HTOBbIX 6110-

KOB BO (pHc. 1 ). Bbm011HeHo B3BewHBattHe 96-TH rpacpHTOBbIX 6110KOB BO co sroporo no ce,l(b­
MOH cnoii BKJlJOl-lHTeJJbHO. CxeMa nonepel-lHOro ce4eHH51 BO c Hy-Mepa,uHeH 6110K0B npHse,netta Ha 
pHC. 5, a 8 Ta611. 1 - pe3yJ1bT8Tbl B3BeWHBamu1 rpacf>HTOBblX 6J10KOB no CJ1051M BO. OueHKa nnoT-

16 M 
HOCTH Yc11 rpacf>HTa no cn051M n npoH3BO.llHJ1aCb cneeyJOu:n,tM o6pa3oM: "( c n = L ~ 111 , r.ne Mn 

• 1=) V, 
16 

- sec rpacf>HTOBoro 6110Ka i B cnoe n; M n = L M
111 

- o6m.HH sec rpacf>HTa B cnoe n; V, - o6beM, 
1=) 

3affjlTbJH rpacf>HTOM B Ka)f(JlOM 6noKe i BO; ro 111 = M
111 

/Mn - CTaTHCTHt-teCKHH secosoii cf>aKTop. 
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Ta 6 JI H LI. a 1. Pe3 JJlhTaTbl 83BeUHfBaHIDl rpa<f>HTOBblX 6JJOKOB (M,,, , Kr) 

Cnoli n 2 3 4 5 6 

6JJOK i M,2 M,3 M,4 M,s M,6 

1 30,776 31 ,287 31 ,195 30,878 30,691 

2 52,758 51,527 53,320 53,064 51 ,210 

3 49,723 50,579 51 ,970 50,798 50,816 

4 30,743 30,207 31,339 31 ,394 31 ,242 

5 49,791 48,652 47,799 49,986 49,710 

6 48,550 48,850 49,644 48,421 50,013 

7 52,915 52,250 53,468 51,190 51 ,743 

8 52,536 51 ,715 51 ,213 51 ,315 51 ,071 

9 48,591 48,906 47,453 50,170 49,917 

10 48,654 49,233 50,423 50,568 48,836 

11 52,230 51,090 50,723 50,305 52,334 

12 52,456 51 ,179 52,974 53,268 51 ,629 

13 31,625 30,971 31 ,505 30,186 31 ,293 

14 52,559 51,331 51,646 53,538 51 ,918 

15 49,696 51 ,111 50,175 50,014 50,454 

16 30,719 30,801 31 ,206 30,887 30,518 

TipH pac4e-re f1i HCTIOJ1b30BaHbl cne.zzylOW.He pa3Mepb1 rpa­

cl>HTOBblX 6noKOB, ouetteHHble C y'-leTOM 4epTe)KHOH ,lJ.OKyMeH­

TaUHH H TeXHOJ10rH4eCKHX .ll.OnyCKOB: CTOpOHa B 6noKaX KBa,lJ.­

paTHOro ce4eHHSI c HOMepaMH i = 2, 3, 5, . .. , 12, 14, 15 pasHa 

24,87 CM; KIDK,l{aSI H3 .ll.Byx paBHblX CTOpOH B 6noKax Tpeyronh­

Horo ceqeHHSI c HOMepaMH i = 1, 4, 13, 16 TaIOKe pasHa 

24,87 CM; ,lJ.HaMeTp OTBepCTHSI BO scex 6noKax BO paseH 

11,412 CM; ,lJ.HaMeTp rpacl>HTOBOH rrpoforn s 6noKax TPeyrOJlbHO­

ro Ce4eHHJI c HOMepaMH i = 1, 4, 13, 16 paseH 11,389 CM; ,lJ.Ha­

MeTp UHJ1HH,lI.pH4eCKHX KaHaJlOB, pacnOJlO)KeHHblX OKOJ10 BHew­

HeH rpaHHUbl BO, paseH 1,6 CM; pa3Mepbl KaHaJlOB npSIMO­

yrom,ttoro Ce'-leHHJI s 6noKax c HOMepaMH i = 3, 7, 11, 15 paBHbl 

1,5x3,0 CM; CTopoHa KBa,lI.paTHOM nonocnt s 6noKaX c HOMepaMH 

i = 5, 6, 9, 10 pasHa 5,5 cM; BbICOTa KIDK.l{oro rpacl>1nosoro 6no­

Ka pastta 60 CM. B rn6n. 2 npirne,lJ.eHbI pe3yJ1hTaTbI oueHKH 

TIJlOTHOCTH rpacl>HTa no CJlOSIM BO. 

7 2 ... 7 

M,7 V,, CM 3 

30,616 18 301 ,908 

53,551 30733, 158 

51 ,688 29 923,158 

30,348 18301 ,908 

49,560 28 918,158 

49,975 29 159,430 

52,254 30 164,430 

51,386 30 733,158 

48,598 28 918,158 

50,405 29 159,430 

50,087 30 164,430 

51,485 30 733,158 

30,141 18301 ,908 

52,071 30 733,158 

50,793 29 923,158 

30,671 18301 ,908 

1b 08 
0 0 0 0 

Pttc. 5. CxeMa nonepeq]Ioro 
ceYeHIDl BO KJTaJlKH ACTPA: 
i = 1...16 - H0Mepa rpa<t>11T08b[X 
6noKOB B KIDKll0M cnoe BO 

T a 6 JI H u. a 2. Ou.eHKa nJT0TH0CTH rpaclmrn (Yc.n) no CJI0.!IM BO 

Cnoii n 2 3 4 5 6 7 

Bee cno.!I n 
734,322 729,689 736,053 735,982 733,395 733,629 

M,,, Kr 

11.rIOTHOCTb 
1,6984 l ,6875 1,7027 1,7023 1,6961 1,6968 

Yc.11, r /cM
3 
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BeJUPU1Ha cpe)J.HeH I1JlOTHOCTl1 Ye rpacpwra l1 Heonpe)J.eJieHHOCTH cr(yc) oueHHBaJiaCb CJie­

.ll.YIOLI.lHM o6pa30M: Ye = :t 'Yc,n 16, cr(rc) = -~-±cre,n -ref. B 11TOre nonyt.JeHbl oueHK.H 
n=2 J' 6 5 n=2 

BeJ1114HH cpe)J.HeH ITJIOTHOCTH Ye rpacp11Ta H CTaH)J.apTHOro OTKJJOHeHml cr(yc): Ye = 1,697 r/cM
3 

' 

cr(yc) = 0,002 r/cM
3

• no pe3yJibTaTaM CTaTHCTK9eCKOH o6pa60TKH rracnopTHblX )J.aHHbIX rpacpHTO­

BblX 6110K0B H npo6oK (scero I 850), rrocrnsneHHbIX Ha cTeH.ll. ACTPA, IlJlOTHOCTb rpacp11rn co-
• 3 

CTaBHJla 1,699 ± 0,001 ( 1 cr) r/cM . 

3.2. O1,JeHKa </_JU3UIJeCK020 UH0eKca u MUKp0CK0nWleCK020 cetJeHWl n0ZJl0UjeHWl zpa</Juma 
Kl lQ0KU. <l>113H4eCKHH 11H)J.eKC f onpe)J.eJULJICj( Ha 3aBO)J.e-H3rOTOBITTeJie no H3Mepem-uo )J.JlHHbl JJ.H<p­

cpy3Hl1 TenJIOBbIX HeHTpOHOB Ha rpacpHTOBOH rrp113Me C HCTO'LJHHl<aMH HeHTpOHOB npH ITOMemeHHH 

s Hee nposepj{eMblX rpacpHTOBblX 6JIOKOB. BeJJW-IHHa f paBHa ycpe.11.HeHHOMY no cneICTpy TeITJlO­

BblX HeiiTpoHOB (T = 293 K) MHKpocKorr11'1.JecKoMY cet.JeHHIO nornomeIDU1 c yt.JeTOM rrpHMecei:i s 

paC4eTe Ha O)J.HO .s1.11.po yrnepo.11.a (B M6apHax). ITorpellIHOCTb H3Mepemrn paBHa ± 5 % [6], 'LJTO co­

OTBeTCTBYeT Heonpe)J.eJleHHOCTM 1 (j = 0, 1 M6apH (paBHOMepHblH 3aKOH). B PeJYJlbTaTe CTaTHCTH-

4eCKOH o6pa6oTKH rracnopTHbIX .11.aHHL1x rronyqeHo cpe.11.Hee JHat.JeHHe q>HJHqecKoro 11HJJ.eKca .D.JU1 

rpacpHTOBblX 6JlOKOB H npo6oK, paBHOe f= 3,71. 
M1-1KpocKOI1Ht.JecKoe cet.JeH11e nornow,eHHj( c yt.JeToM np11Mecei1 B pact.JeTe Ha O.ll.HO j(JJ.po yrne­

po.11.a npH :meprn11 Heihpottos 0,0253 3B cocrnaJJReT crc (0,0253 3B) = 3,71 ·(2/✓1t) = 4,19 ± 0,10 
( 1 cr) M6apH. CeqeHHe nornollleHHR 'LJl1CTOro yrnepo.11.a paBHO O'e (0,0253 3B) = 3,36 M6apH. Ilo-

3TOMY Ha OJJ.HH aToM yrnepo.11.a npHXO.ll.HTCj( np11pameH11e cet.JeHIDI nornoLI.lemtj{, paaHoe ~crc 

(0,0253 38) = 0,83 ± 0,l0(lcr) M6apH. TaKoe npHpaLI.leHHe ceqeHJ1j{ nornomemur cooTBeTCTBYeT 

3cpcpeKTHBHOH KOHUeHTpaUHH ecTeCTBeHHOro 6opa B rpacp1ne 1,0 ± 0,l(lcr) ppm MaCCOBblX (6op­

Hb(H 3KBHBaJieHT). TaKHM o6pa30M, MHKpOCKOITH'I.JeCKOe cet.JeHHe nornor.ueHIDI C Yt.JeTOM npHMeCeH 

s pact.JeTe Ha OJJ.HO .s1.11.po rpacp11Ta cocTaB11T crc (0,0253 3B) = 4,2 ± 0,l(lcr) M6apH. 

4. U:ccne,noeau11e ,nu4>4>y3uoueL1x ceoitcTe rpa4>uTa cTeui:.a PliMK 

4.1. Memo0UKa u nocmaH06KQ 3KCnepUMeHmoe . .n,-.R HCCJieJ].OBaHHj( .[(H<pcpYJHOHHbIX CBOHCTB 

WTaTHOH_ rpacj>HTOBOK KJla)J.KH CTeH)J.a PEMK [ 16] npOBOJ].11JJOCb 3KCnepHMeHTaJibHOe onpe.[(eJleHHe 

)J.Jll1H .[(H<pcpYJH11 TeITJIOBblX HeHTpOHOB no BblCOTe KJla)J.KH B HanpaBJ1eHHH BeµTHKaJibHblX KaHaJIOB 

(Lu) H no "pa.11.eycy" KJla)J.KH B IlJlOCKOCTH, nepneH)J.HKYlI.llPHOH BeµTHKaJibHblM KaHaJiaM (L.1.)­
np11MeHj(JlCR 3KCilOHeHUHaJibHblH MeTO)J., JaKJJIOt.JaJOLUHHCj{ B 113Mepemm pacnpe)J.eJleHHH 11JlOT­

HOCTI1 ITOTOKa TeITJlOBblX HeHTpOHOB <I>n(r), <I> .1.(r) npH ycTaHOBKe TOt.Jet.JHoro HCTO'LJHHKa 6hICTpblX 

HeHTpOHOB 8 ueHTpe rpaq>HTOBOH KJJaJ].K.H. ITp11 yc11os1111, 'LJTO J111He"-Hble pa3Mepbl KJlaJ].KH COCTaB­

Jlj(IOT HeCKOJlbKO )J.JlHH .11.11cpcpy31111, MO)f(HO Bbl)J.eJlHTb 0611aCTb H3MepeHHH, y.11.aneHttylO OT HCTO'-1-

HHKa HdfTpOHOB 11 OT BHeWHHX rpaHHU KJlaJ].KH, B KOTOpOH ac11MITTOTJ11IeCKOe pacnpe)J.eJieHHe 

ITJlOTHOCTH TIOTOKa HeHTpOHOB COOTBeTCTBYeT q>OPMYJie (3). 
ITocne o6pa60TKH aCHMITTOTH'I.JeCKHX y4aCTKOB 113MepeHHblX pacnpe.[(eJleHHH <I>n(r), <I> .L(r), J1C-

11OJlb3Yj( MeTO)J. Ha11MeHbWHX KBa)J.paTOB C oT6paCb1BaHJ1eM KpaHHHX T04eK, MO)f(HO onpe.11.eJIHTb 

KOMITOHeHTbl Lu 11 L.L TeH3opa )J.JlHHbl .11.11cpcpy31111 B reTeporeHHOH cpe.11.e C perynRpHOH peWeTKOH 

nyCT blX sepTHKaJibHblX KaHaJIOB. L(anee C ITOMOLI.lblO cpopMyJI ( 11) H (I 2) npOBOJ].HJlaCb oueHKa ae­

J111411Hbl J].JIHHbl .11.11cpcpy3HH Lo B CITJlOWHOM rpacp11Te 6e3 KaHaJIOB. Ha llJTaTHOH_ rpacj>HTOBOH KJJaJ].­

Ke CTeH.ua PEMK 3KCnep11MeHTbl BblITOJlllilJlHCb B Tpex CJIY43j{X: nocne JaaepllleHHj{ MOHTIDKa 

r pacp11TOBblX 6J10KOB, ITOCJle ycTaHOBKH rpaq>HTOBblX BTYJlOK B sepTHKaJibHhle KaHaJlbl 11 ITOCJle yc­

TaHOBKH TeXHOJ1OrH4eCKHX KaHaJIOB. flpH npose.ueHl111 113MepeHHH npHMellilJlCR J1CTO4Hl1K 6bJCT­

pblX HeHTpOHOB Ha OCHOBe 
252

Cf (Q :::: 0,68· 107 
Hie), ycTaHOBJieHHblH B Ul1JJHH,ll.pe 113 oprcTeKJla B 

cepe)J.HHe rop113OHTaJibHOro KaHana )J.JlR HCTO4HHKa (p11c. 2). 
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B KatJecrne .ueTeKTopa HeH.TpOHOB HCnOJib30BaJ1C.sl nponopUHOHaJibHblH 6opHbIH Ct.JeTtJHK 

cHMO-5, HanontteHHbIH raJoM BF3. ,Zl;Ha.MeTp Kopnyca ct.JeTtJHKa 35 MM, .umrna 300 MM. TipH H3-

MepeHIDIX <I>u(r) Ct.Je'f\-lHK YCTaHaBJilfBaJlC.sl B sepTHKaJlbHblH KaHaJI NQ 21 )lHaMeTpOM 45 MM, H3 

sepXHeH qacn1 KOTOporo H3BJiet.JeHbI rpaqmTOBble CTep)KHH, T .e. BbIUJe OTMeTKH 180 CM OT Hlfla 

KJia,!lIOI KaHan 6bIJI nycTOH. Pacnpe.n:enett11e <I>u(r) H3Mep.s1JTOCh B ru!TH TOYKax C waroM 20 CM, Ha­

t{J,fHa.sl C pacCTOSIHIDI 85 CM OT ypOBH.sl HCT01.fHHKa )lO cepe)lHHbl Cl.£eTqJ,fKa. 

IlpH H3MepeHID!X <I> 1.(r) cqeTtJHK noCJie)lOBaTeJTbHO YCTaHaBJTHBaJlC.sl B BepnlKaJibHbie KaHaJibl 

JJ.HaMeTpOM 45 MM B.llOJlb OCH Kattana HCTOlJHHKa HeihpoHOB - N~Q 1. .. 5, 6 ... 10 H no )lHaroHaJIH 

KJiaJJ.KH - NQ.N°Q 11. .. 15, 16 . . . 20 (pHC. 2) . .(,fa sepxHHX noJIOBHH 3THX KaHaJlOB H3BJietJeHbI rpaqmrn­

Bb[e cTep)Klffl: KaHaJlbl no )],HarOHaJIH 6bIJIH nycTble C OTMeTKH 180 CM OT HH3a KJia)lKH, a KaHaJibl 

B,llOJIJ, OCH Kattana HCTOlJHHKa - C OTMeTKH 206 CM. IlpH H3MepeHHSIX no .lJ.HafOHaJIH KJla.lJ,KH cepe­

JIHHa BbICOTbl ClJeTtJHKa HaxO)lHJiaCb Ha 5 CM HIDKe ropH30HTaJlbHOH nJIOCKOCTH HCTOlJHHKa HeH­

TJ)OHOB, a npH H3MepeHIDIX B.llOJlb OCH KaHaJia HCT04HHKa - Ha 21 CM BbIUle 3TOH nJIOCKOCTH. Pac­

npe,ueneHHe <I>1.(r) H3MepRJIOCb B mrrn TOtJKax no BCeM HanpasneHHSIM: B KaHaJiax NQNQ 1. . . 5 , 

6 . •. 10 - Ha4HHaJI C paccTOSIHHSI 75 CM OT BepTHKaJibHOH ITJJOCKOCTH HCTOlJHHlCa C rnaroM 25 CM, a B 

KaHaJiax N~Q 1 1. .. 15, 16 . . . 20 - c paccTosnrn.s1 71 CM c UJaroM 35,4 CM (JJ.HafOHaJib .slt.JeHKH). 

I1o,uo6Hble 3KcnepnMeHTbl nposeJJ,eHbl Ha MO,nepHH3HpOBaHHOH rpacpHTOBOH KJia,nxe CTeH,lla 

PEMK, HMe10meii .usa THna sepTHKaJihHbIX Kattanoa: Kpyrnoro cet.JeHHR no ueHTpy 6noKoB c yc­

TaHOBJieHHbIMH rpacpHTOBbIMH BTYJIKaMH 11 KBa,upaTHOfO ceYeHHJI I 03xl 03 MM s yrnax Ka)l()J.OH 

J1tJemrn (pHc. 3). 3-rn KaHaJibl o6pa3yIOT BJIO)KeHHble peilleTKH paBHOfO UJara, 4TO yseJIHlJHBaeT 

JllllfHY .LJ.Hcpq>Y3HH. 3KcnepHMeHTbl Ha MOJJ,epHH3HposaHHOH KJia,uKe BbinOJIHSIJIHCb B JJ,Byx cnyqa.s1x: 

nocne ycTaHOBKH BTYJIOK s BePTHKaJibHhie KaHaJibl 6JIOKOB H nocJie ycTaHOBKH TeXHOJIOrHlfeCKHX 

KaHaJIOB. B 06011x CJTYYaRX npHMeHSIJIC.sl HCTOlJHHl( 6blCTpblX HeHTpOHOB 
252Cf (Q :::::: 1· 10

7 Hie), yc­

TaHOBJieHHbIH B ueH-rpe no .LlJIHHe ropH30HTaJlbHOro KattaJia. B KatJecTBe .ueTeKTopa HeHTpOHOB 

Bb16paH KOpOHHblH renneBblH CljeTlfHK CHM-16 (,nnaMe-rp Kopnyca 18 MM, .LlJIHHa 130 MM, Hanon­

HeH CMeCblO 
3
He H Ar), 06nana10mHH 60JibUJeH 3cpcpeKTHBHOCTblO perncTpaU.HH no cpasHemuo co 

Cl{eTqJ,fKOM CHMO-5. ,Zl;JI.sl HCKJIIOlJeHlUI BJIIDIHH.sl 3cpcpeKTa "npocrpena" HeHTpOHOB B BepnlKaJib­

HblX KaHanax 103x103 MM, r.ue pa3MeUlaJIC.sl .D.eTeKTop, OH 3aKJIIOlfaJIC.sl B rpacpHTOBblH KOHTeHHep 

102xl 02x500 MM c oceBbIM KaHaJIOM H 3aKpb1BaJ1C.sl c TOpUOB rpacpHTOBblMH npo6KaMH. 

H3MepeHIDI <I>u(r) npOBO.llHJIHCb B Kattanax NQ.N°Q 18 H 31 (pHC. 3) BbIUJe H HIDKe HCTOl.£HHKa 

HeHTpOHOB B 11 TOlfKax Ha pacCTOSIHHSIX cepe)lHHbl cqeTtJHKa 43 ... 188 CM OT nJIOCKOCTH HCT04HH­

Ka. Pacnpe,neJieHHSI <I> 1.(r) H3MepeHbl B ropH30HTaJlbHOH nJIOCKOCTH HCT04HHKa B KaHanax NQ.N°Q 
1 ... 5, 8 . . . 12 H 13 ... 17, 20 ... 24, T.e. no .llBYM noJIOBHHaM Ka)l()J.OH .D.HaroHaJIH KJia)lKH (pHC. 3). 

CymecTBeHHOe B03paCTaHHe Lu H L1. B Mo,nepHH3HpoBaHHOH KJiaJJ,Ke no cpaBHeHHIO co UJTaT­

HOH 3aMeTHO COKpaTHJIO o6naCTb, B KOTOpOH ycTaHaBJIHBaJIOCb aCHMITTOTHlJeCKOe pacnpe,nenem1e 

nJIOTHOCTH nOTOKa HeHTpOHOB BH)la (3). Ilo3TOMY yMeHhllIHJIOCb lfHCJIO TOtJeK, HCITOJlh3yeMblX .LlJISI 

nocrpoeHIDI JIHHHH perpeccHH npH o6pa6oTKe pacnpeneneHHH <I>n (r), <I>1.(r), H so3pocna norpew­

HOCTb KOMnOHeHT .ZJ:JIHHhl )].Hcpcpy3HH. 

Ha MO,nepHH3HposaHHOH KJla)lKe C ycTaH0BJieHHbIMH TeXHOJ10rH4eCKHMH KaHaJiaMH (Ha BTO­

p0M 3Tane 3KcnepHMeHTOB) peanH30BaHa cxeMa, paCUlHpS!IOUlaSI o6naCTb acHMITT0TH'4eCKOf0 pac­

npe)].eJieHHSI. IlpH 3TOM 6onee MOUlHblH HCT04HHK (Pu-Be) 6bICTpblX HeHTpOHOB (Q :::::: 2 ,4· l 07 Hie) 
ycTaHaBJIHBaJIC.sl Ha rpaHHl.~e KJla)lKH. 8 O.D.HOM cnyqae 3TOT HCT04HHK HeHTpOHOB pa3Memancg Ha 

.llHe KaHana NQ 17 H pacnpeneneHHe <I>u(r) H3Mep.s1nocb no sceii BhtCOTe KJia)lKH B KaHane NQ 18. B 

.D.pyroM cnyqae HCT04HHK ycTaHOBJieH B KaHane NQ 39 B yrny KJia.D.KH Ha cepe,ll.HHe ee BblCOTbl H 

pacnpe.uenem1e <I> 1.(r) H3Mep.s1nocb no sceH n11arottan11 KJianKH s Kattanax NQNQ 15 ... 23. IlpH 3TOM 

,ll.OnOJIHJffeJibHO HCCJie,noBaJiaCb BemftJHHa Ka)lMHeBOfO OTHOUJeHHSI Red npHMeHHTeJibHO K rem1e­

BOMy Ct.JeT4HKY B 3aBHCHMOCTH OT paCCTOSIHHSI .uo HCTOlJHHKa HeHTpOHOB. 

I10Ka3aHO, 4TO Ha paCCTOSIHHSIX ~ I 00 CM perHCTpHpyeMaR CKOpOCTb Ct.JeTa npaKTHt.JeCKH o6y­

CJIOBJieHa TOJlbKO TenJIOBbIMH HeihpOHaMH { (Rcct - I) > 225}, a npH H3MepeHHH pacnpe.D,eJieHHH 
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<l>u(r) H <l>.1(r) .nereKTopoM 6e3 Cd .LJ.JUI T3KHX paCCTOSIHHH He -rpe6yercSI 880,llHTb nonpaBKH Hape­

rnc-rpau.mo :mHTe[lJ]0BblX HeHTpOHOB. Pe3yJibT3Tbl H3MepeHHH C HCT01:JHHK0M (Pu-Be) YT0tJHHmf 

o6naCTb K00p.llHHaT B0Kpyr HCT04HHKa 
252

Cf, B KOTOpOH HaH6onee onpas.naH0 npHMeHeHHe mt­

HeHHOH annpoKCHMaUH"H .nn.s1 pacnpe.neneHHH <I>n(r) H <I> .1(r). 3TH .naHHbie Hcnom,3osaHbI npH rurn­
JIH3e pe3yJibTaT0B H3MepeHHSI B MO)J.epHH3HposaHHOH KJJa,nKe 6e3 TeXH0norH4eCKHX KaHaJJ0B, K0-

r.na HCT04HHK HeHTpOHOB pa3Mell(aJJC.sl B uettTpe KJJaL{KH. 

l13MepeHHJI CK0p0CTH cqera B WTaTHOH H MO.LJ.epHH3HposaHHOH KJ13)J.Kax Ha KIDK.l].OM npo­

CTpaHCTBeHH0M 0Tpe3Ke np0B0)J.HnHCb B npSIM0M H o6paTHOM HanpasneHHSIX H n0BT0pSIJUICb 2 ... 3 
pa3a. CKopOCTb C4eTa C0CTaBJISIJia (10 ... 104

) c·
1
. WyMbl H BHeWHH.H q>OH He npeBblWaJJH 0,5 %. 

OueHHBaJJOCb MepTBoe speMSI ClJe'fHblX KaHaJJ0B C 880,ll0M nonpaB0K ( ecn11 tty)f(HO) Ha npoct.terbr. 

4.2. Pe3yflbmambl U3MepeHUU. B Ta6n. 3 ... 5 npe)J.CTaBJieHbl pe3yJibT3Tbl H3MepeHHH B WTaT­

HOH rpaq>HTOBOH KJJa)J.Ke CTeHL{a PliMK C HCT0t.tHHK0M HeHTpOHOB 
252

Cf B ee ueHrpe H npHBe)J.eHbl 

0TH0CHTeJibHb[e npocTpaHCTBeHHbie pacnpe.neneHHSI CK0p0CTH cqera JJ.eTeKT0pa B acHMnT0Tlfl-fe­

CKOH o6naCTH. B rn6mmax npHB0JJ.HTCSI pacCT0SIHHe Me)KJJ.y .neTetcropoM 11 [IJ]QCK0CTbl:O pacnono­

)KeHHSI HCT0l.lHHKa HeHTpOHOB. Pacnpe.neneHHSI H3MepeHbI B Tpex nocne.nosaTem.HblX MOJJ.Hq>HKa­

L(HJIX KJJa.JJ.KH. I1faMepeHHJI <l>u(r) no BblC0Te KJJ3)J.Kl1 (rn6n. 3) Bblfl0JIHeHbl B 0.l{H0M KaHane " pe-

3YJibTaTbl TT0BT0pHblX 113Mepef!HH ycpe,nHeHbl. B CK06Kax nOKa3aHbl cpe.nHeKBa.npaTW--leCKHe no­

rpeWH0CTH ( eJJ.HHHUbI nocne.nttero pa3p.st.na). 
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T a 6 n H u a 3. 0rHOCHTem,Hoe pacrrpe,neneHHe <l>u(r) no BblCOTe lllTaTHOH KJia,llKH 

cTeH,ll.a P6MK e KaHane .N!! 21 

BapHaHT KJia,ll.KH 
PacCTO.SIHHe OT HCTO'iHHJ<a HeHTPOHOB, CM 

85 105 125 145 165 
TOJlhKO 6JIOKH I 0,6512(50) 0,4239(35) 0,2762(26) 0, 1780(18) 

EnoKH c eryJIKaMH 1 0,5957(34) 0,3693(32) 0,2272(19) 0,1397(11) 

C TexHonorH'le-
I 0,5590(30) 0,3095(40) 0,1796(15) 0, 1045(15) 

CKHMH KaHanaMH 

T a 6 JI 1t u a 4. 0rHOCHTeJlbHOe pacnpe,ll.eJleHHe <l> .1(r) s lllTaTHOH KJia,nKe CTeH,ll.a P6MK 
B.ll.OJlb OCH KaHana HCTOl{HJ-l](a 

Bap11aHT KJiaJIKH 
.N!!.N!! PaCCTO.SIHHe OT HCTO'lHHKa HeHTPOHOB, CM 

KaHaJIOB 75 100 125 150 175 

TOJibKO 6JIOKH 
I. .. 5 I 0,5186(27) 0,2757(11) 0,1494(5) 0,0774(2) 

6 ... 10 1 0,5208(14) 0,2756(9) 0,1490(4) 0,0779(4) 
EnoKH c srynKa- 1 ... 5 1 0,4964(14) 0,2531(14) 0,1319(12) 0,0671(4) 

MH 6 . .. 10 1 0,5038(72) 0,2634(45) 0,1370(23) 0,0690(8) 
C TexHonorHl.fe- 1...5 I 0,4451(13) 0,2069(13) 0,0991(3) 0,0465(2) 
CKHMM KaHaJiaMH 6 . .. 10 I 0,4505(7) 0,2079(18) 0,0997(7) 0,0471(5) 

Ta 6 JI II u a 5. OTHOCHTeJibHOe pacnpe,nenett11e <l>.1(r) no ,ll.HafOHaJIH lllTaTHOH KJla,ll.KH 

cTeH.lla PEMK 

Bap11aHT KJia.ll.KM 
.N!!.N!! PaCCTO.SIHHe OT HCTOlfHHKa HelhPOHOB, CM 

KaHaJIOB 71 106 141 177 212 
TOJibKO 6JIOKJ,f 11. .. 15 1 0,3958(15) 0, 1639(4) 0,0704(3) 0,0296(2) 

16 ... 20 1 0,3979(9) 0,1644(6) 0,0710(3) 0,0304(3) 
6noK11 c erynKa- 11. .. 15 1 0,3710(9) 0,1465(4) 0,0606(3) 0,0244(2) 

MH 16 .. . 20 1 0,3747(8) 0, 1482(4) 0,0610(3) 0,0252(2) 
C Textto11or111.Je- 11. . . 15 1 0,3273(21) 0, 1163(9) 0,0441 (3) 0,0162(3) 
CKHMH KaHaJiaMH 16 .. . 20 I 0,3297(18) 0,1157(4) 0,0438(4) 0,0168(2) 
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PHc. 6. PacrrpeD.eJieHHe 3HaqeHHH <l>YHKU:HH 
ln[r<l>(r)] no BblCOTe nnaTHOH rpa$HTOBOH KJia,nKH: 
■ - TOJlbKO 6JIOKH; • - 6JIOKH H Bl)'JIKH; A - TeX-

eonorITTecK.He xaml.llbI 
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PHc. 7. Pacnpe.neneRHe 3Ha'leHHu $yHI<n,mt 
ln[r<l>(r)] no JlHaromurn B ropH3OHTaJlhHOH IlJiocxo­
cTH lllTaTHOH rpa$HTOBOH KJJa,nKH: ■ - TOJU,KO 

6JIOKH; • - 6JIOKH " Bl)'JI.Kl,I; • - TeXHOJIOfH'leCKHe 
xamun.1 

fuMepeHIDI <I>.L(r) no ropH30HTaJIH (Ta6JI. 4 H 5) BbinOJIHeHbI B .nsyx HanpasneHID!X (H B .nsyx 

nJIOCKOCT.SIX) no o6e CTOpom,1 OT HCTOl-lHHKa B KIDK.ll,OM cnyqae ( 4 o6naCTH H3MepeHIDI B KIDK.D.OM 

sapmlHTe KJia.[lKH). BHJJ.HO, lfTO Jl.llil OJ.{HOro Hanpasnemu1 H no pa3Hble CTOpom.1 OT HCTOl-lHHKa 

pacrrpe.D.eneHIDI, KaK npasHJio, cosna.naroT s JJ.HanaJOHe norpemHocreii, lfTO CBHJJ.eTem,cTByeT o 

JlOCTaT01ffiOH O)J.HOpOJJ.HOCTH CBOHCTB rpaqnrra B npe.nenax KJia.[lKH. 

Ilp01~e,zzypa onpe,neJieHIDl KOMOOHCHT .llJ]HHhl JJ.H<pcpy3HH H3 HCXO)J.HhlX a6comOTHbIX pacnpe­

,LJ,eneHHH CKOpocnt ClfeTa BK.JllO'laJia HX o6pa60TKY B BH)le 3aBHCHMOCTH ln[r<l>(r)] B KIDK.ll,OM HC­

CJleJJ.OBaHHOM npocTpaHCTBeHHOM HHTepsane H ycpe.nHeHHe nonyqeHHbIX pe3yJ1bTaTOB (Lu, L.L) 
.llJ]SI KIDK,IJ:Oro sapHaHTa KJla.[lKH. Ha pHC. 6 H 7 npHBe,neHbl npHMepbl pacnpe,neneHHH 3HalJeHHH 

cpyHKIJ.HH ln[r<l>(r)] no BbICOTe H B ropH30HTaJibHOH nJIOCKOCTH pa3HblX sapHaHTOB mTaTHOH rpa­

q>HTOBOH KJia,LJ,KH CTeH)J.a. 

B Ta6n. 6 nOKa3aHb[ nonytJeHHbie pe3yJibTaTbI Jl.llil KOMflOHeHT .llJ]HHbl JJ.Hq>q>y3HH B Tpex Ba­

pHaHTaX KJia,LlKH. HaH60J1bWHe OTJIHllIDI 3HalfeHJrn JJ.JIHHbl .llH<pq>Y3IiH H norpellIHOCTH Ha6mo.na­

lOTC.SI Jl.llil HanpasneHHJI B)J.OJlb KaHaJIOB KJia.[lKH (Ln), IlpH paHHHX H3MepeHHSIX Ha CTeH)J.e Yr B 

KJia.[lKe H3 6110KOB H srynoK PEMK JJ.JT.SI :noro HanpasneHIDI nonyt.JeH pe3y11bTaT 62,5 ± 1,5 CM (s 

Ta6n. 6 3TOT sapHaHT OTMeL!eH 3HaKOM "). 

B Ta611. 7 H 8 npe.u.cTas­

JieHb1 OTHOCHTeJlbHble pac­

npe.u.eneHHSI CKOpOCTH ClfeTa 

)J.eTCKTopa HeHTpOHOB no Bbl­

COTe MO,nepHH3HposaHHOH 

KJla.[lKH CTeHJJ.a B sepXHeH H 

HIDKHeH ee nOJlOBHHax, co­

Ta 6 JJ H u a 6. KoMnoHeHTbl .nmnu,1 .nH<l><l>Y3HH HeHTPOHOB B WTaTHOH 
rpaclrnTOBOH KJiaD.Ke CTeHD.a P6MK, CM 

,Z:(rurna 
BapHaHT KJiaD.KH 

D.H$$y3HH Tom,xo 6JIOKH 6JIOKH C Bl)'JTKaMH 
C TexHonorwte-
CKHMH KaHaJiaMH 

Lu 76,3 ± 0,3 63,8 ± 0,3° 51 ,1 ± 0,7 

l 1. 62,5 ± 0,1 57,7 ± 0,2 47,7 ± 0,3 

OTBeTCTBeHHO. IlpH 3TOM KaJIH<pOpHHeBblH HCTOlfHHK tteihpOHOB Hax.O):{HJICSI B ueHTPe KJla)J.KH. 

IlorpeUJHOCTb onpe.u.eneHa KaK cpe.nHeKBa.u.paTHlfeCKaSI H3 nOBTOpHblX H3MepeHHH. TIOJJ.06H1>1e pe-

3YJ1bTaTbl H3MepeHHH no ,nuarOHaJIJIM B ropH30HTaJlbHOH nnOCKOCTH KJia.[lKH npHBe)J.eHbl B Ta611. 9, 
r.ne YKa3aHO paCCTOSIHMe Me)KJ].y )J.eTeKTopoM H nJIOCKOCTblO pacnono)KeHHJI HCTOlfHHKa HeifT.po­

HOB. CooTBeTCTBYIOlil,He rpacpHKH <pym<UHH Ln[r<l>(r)] nOKa3aHbl Ha pHC. 8 H 9. BHJJ.HO He60J1bWOe 

OTJJHlJHe pacnpe.neneHHH BbIWe H HH)Ke HCTOllHHKa no BblCOTe KJiaJ].KH, CB.SI3aHHoe B OCHOBHOM C 
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HeomrnaKOBblMH ycnOBH$lMH Ha ee sepXHeM H HH)KHeM TOpl..(ax. ,lvu1 onpe.D.enemrn .D.nHHbl .D.Hq>cpy-

3HH Lu He3aBHCHMO o6pa6aTblBMHCb pacrrpe.D.enemrn, H3MepeHHble B KaHanax N!!.N°!! 18 H 31 Bblllle 

H HH)Ke ITnOCKOCTH pacnonO)KeHHJI HCTOt.fHHKa HeihpoHOB. Pacnpe.D.enettml, H3MepeHHble no pa3-

HblM yt.JaCTKaM .D.HarottaneH (Ta6n. 9), Ot.JeHb 6JTH3KH .D.fljl O.D.HOro sapHaHTa Knamrn, '-ITO CBH.D.e­

TenbCTBYeT 06 O.LJ.HOp0.l1.HOCTH CBOHCTB rpaq>HTa B 3THX ttanpaaneHIUIX. 

Ta 6 n II u a 7. OTHOCJ-!TeJlbHOe pacnpe.ueneHHe <I>u(r) no BblCOTe e eepxHeH flOJlOBHHe 

MO.UepHH3HPOBaHHO H PEMK KJiaJlKH CTeHna 

BapHaHT N!! PacCT0$1HHe OT HCTOlfHHKa Heih-POHOB, CM 

KJia.nKH KamUJa 43 53 65 78 92 106 120 135 149 164 179 

18 
0,906 0,976 

1 
0,972 0,913 0,823 0,723 0,610 0,5 IO 0,405 0,291 

(8) (8) (6) (6) (6) (6) (7) (6) (5) (4) 
OJ10KH C 

BTyJlKaMH 

31 
0,812 0,933 

1 
0,995 0,935 0,852 0,744 0,633 0,527 0,419 0,297 

(7) (6) (7) (6) (5) (5) (4) (3) (3) (2) 

C Texttono-
0,962 0,984 0,932 0,901 0,708 0,586 0,482 0,386 0,295 0,208 

rHtJeCKHMlf 18 I 
KattamiMH 

(6) (6) (8) (7) (4) (5) (4) (3) (3) (2) 

Ta 6 JJ H u a 8. OTHOCHTeJlbHOe pacrrpenenem1e <l>u(r) no BblCOTe B HH)KHeH flOJlOBHHe 

MO.nepID13H ~ P6MK )083HHOH KJI3Jll(H CTett.na 

BapHaHT N!! PaccTOKID:Ie OT HCTO'IHHKa HeHT )OHOB, CM 

KJ13.ll.KH Kattana 50 61 74 87,5 10 I 115,5 130 144 159 174 188 

18 
0,971 

I 
0,987 0,930 0,850 0,752 0,653 0,552 0,453 0,347 0,255 

(20) (2 I) (20) (17) ( 15) (13) (12) (I I) (7) (4) 
DJlOKH C 

BTyJ1K3MH 

31 
0,918 0,992 

1 
0,957 0,876 0,778 0,674 0,568 0,463 0,359 0,267 

(18) (21) (20) ( I 6) (15) (14) (12) (I I) (8) (5) 

C Textto-

norHtJe-
0,994 0,942 0,842 0,736 0,624 0,513 0,413 0,321 0,244 0,167 

CKHMH 18 I 
K3HaJiaMH 

(5) (5) (5) (5) (4) (4) (4) (3) (2) (2) 

Ta 6 JJ H u a 9. OTHOCHTeJ1bHOe pacnpe.nenettwe <l> .i(r) no .nwaroHaJIRM 

~ P6MK Mo.nepHH3Hp0B3HHOM KJ13JlKH CTeHna 

BapwaHT N!!N!! PaCCTORHHe OT HCTO'IHHKa HeihpoHOB, CM 

KJlaJlKH KaHarIOB 71 106 141 177 212 
5 ... 1 I 0,7075 (40) 0,4440 (20) 0,2659 (5) 0,1469 (4) 

bJlOKH C 8 ... 12 I 0,7175 (35) 0,4498 (12) 0,2675 (8) 0,1515 (2) 
BTyJIK3MH 17 ... 13 1 0,7093 (30) 0,4444 (15) 0,2655 (5) 0,1475(7) 

20 .. . 24 I 0,7222 (40) 0,4484 (10) 0,2656 (6) 0, 1480 (5) 
C Textto- 5 ... 1 I 0,6111(15) 0,3240 (15) 0,1672 (6) 0,0815 (3) 
JlOfH'le- 8 ... 12 1 0,6129 (16) 0,3313 (15) 0,1691 (5) 0,0829 (5) 

CKHMH Ka- 17 ... 13 1 0,6084 (15) 0,3302 (20) 0,1671 (9) 0,0832 (4) 
HaJlaMH 20 .. . 24 1 0,6160 (17) 0,3276 (18) 0,1697 (8) 0,0824 (3) 
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PHc. 8. Pacrrpe,lleJ1eIDle 3Hal.femrn q>yHKUHH 
ln[r<I>(r)] no BblCOTe MO,llepH113HpOBaHHOH rpaq>HTO­

BOH KJiaAKH cTeH,lla PEMK: ■ - 6e3 TPY6 (HH3); • -
6e3 TPY6 (Bepx); .._ - c TJ)y6aMH (HH3); ~ - c TPY-
6aMH (Bepx) 
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PHc. 9. Pacnpe11eneITT1e 3HaqeHIDi q>yHKUKH 
ln[r<I>(r)] B ropH30HTIUlbHOH WlOCKOCTH Mo.nepHH-
3HpOBaHHOH rpaq>1-1T0B0H KJia]lKH cTeH11a PEMK: 

■ - 6e3 TJ)y6; • - c TPY6aMH 

O6pa6oTI<a HCX0,n:RbIX pacnpe.n:e11eHHH CK0pocnt Clfe'T8 ,n:JJ.ll noJTylfeHHJI 3Hal.femrii K0Mn0HeHT 

,n:JJHHbl .llH<pcpy3HH npoBe,lleHa no o6blqffQH cxeMe. O,nHaKo, H3-3a B03p8CTaHH.ll 3Haqeffi1ii Lu H L1. B 

6011ee nopHCTOH M0,n:epHR3HpOBaHHOH KJTa,n:Ke yseJIHqHJJaCb np0TIDKeHH0CTb o6nacTeH BJJIDIHH.ll 

HCT0qJIHK8 H rpamrn, KJTa,n:KH B H3MepeHHblX pacnpe,neJJeHlUIX. 3aMeTHO CHIDK8e'TC.ll TOlfH0CTb on­

pe,neJJeHIDI ,n:JJHHbl ,n:Hq>q>Y3HH . .[(Jl.s1 yr0lfHeHH.ll o6nacnt 8CHMnT0TH'ieCK0ro pacrrpe,neJJeHIDI Ten­

Jl0BblX HeHTPOHOB B 3KcnepHMeHTax C KaJIH<popmteBbIM HCTQqHJ,fK0M, pacn0Jl0)KeHHbIM B uettTpe 

KJTa,n:KH, BblTI0JIHeHbl .non0JlHHTeJlbHbie HCCJle,n:osaHIDI. B KJTa,n:Ke C TeXH0JI0rHlfeCKHMH KaHaJI8MH 

npose,neHbl H3MepeHH.ll no BhIC0Te H B ropH30HTaJlbHOH nJJ0CK0CTH C rrepeH0CHhlM HCTQqHJ,fK0M 

(Pu-Be), pacn0JlQ)KeHHbIM y rpamru KJTa,llKH. TipH 3T0M cyw.eCTBeHH0 yseJlH'ieHa o6naCTb acHM­

ITT0TH'¾eCKoro pacnpe.n:eneHH.ll. Ha pHc. 9 ... 11 rroKaJaHbJ pacnpe,ne11eHH.ll 3Halfemdi cpyHKUHH 

ln[r<l>(r)], nony'ieHHbie no pe3yJJbTaTaM 3THX 3KcnepHMeHT0B. O6pa60TKa nocne,n:HHX ,ll8HHI,IX ,na-

ln[r<l>(ry) 
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PHc. I 0. Pacnpe,lleJleHHe 3HalfeHHH q>yHKLUrn 
ln[r<I>(r)] no BblCOTe MO]lepHH3HpOBaHHOH rpaq>HTO­
BOH KJ1a.llKH CTeH11a PEMK c TexHonorn-qecKHMH 
KaHanaMH H HCTOlfHHKOM (Pu-Be) 
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na ,!{JUI KJla.rrKH C TeXHOJlOfH'-leCKHMH KattanaMH 3HaYeHIDI JJ.JIHHbl .LUiq>cpy:nut C norpeUJHOCTbfO Me­

ttee 1 %. 
HTOfOBbie )J.aHHble no KOMnOHeHTaM JJ.JIHHbl JJ.Hcpcpy:nrn B MO.L1,epID13HpOBaHHOH rpacpHTOBOH 

KJlaJJ.Ke cTett.LJ.a PEMK npeJJ.CTaBJ1eHb1 s Ta611 . 10. B cKo6KaX npHBe.LieHbI 06nacn1 3Ha'-leHHH pac­

CTO.IIHIDI OT .LieTeKTopa .lIO nJlOCKOCTH pacnOJlO)KeHIDI HCTOY.HHKa. 

T a 6 n n u a 10. KoM□OHeHTbl AJIJ,U-[bJ AH<l><l>Y:HHI HeHTpOHOB 

s Mo.ae fill3H osaHHOH r a HTOBOH KJJa,nKe CTett.aa PEMK 
BapHaHT C TeXHOJIOflil:leCKHMH 6JJOKH H 

KJJa,UKJ,f 

l1CTOl.flUIKH 

HeH OHOB 

Lu, CM 

L J., CM 

KaHaJJaMH 

Pu-Be 

70,6 ± 0,5 
(135 .. . 320 
50,8 ± 0,4 

(l06 .. . 390 

71 ,0 ± 2,0 
101 . .. 159 

51,6 ± l ,0 
125 .. . 175 

B JJKH 

92,0 ± 3,0 
110 .. . 145 
68,0 ± 3,0 
106 .. . 211 

4 .3. O1,feHKa MUKp0CK0nutJeCK020 
Ce'leHWl n02ll0UjeHWl meruz0BblX 11eii­
mp0H06 e zpaq;ume KJ1a0Ku cme11oa 
PEMK. B Ta6n. 11 .L1,aHb1 nony'leKHbie 

pe3yJJbTaTbl no KOMnoHeHTilM Lu H LJ. 
JJ.JI.11 MO.L1,epHH3HpOBaHHOH H UITaTHOH 

rpacpHTOBhIX KJla)J.OK CTeHJJ.a PEMK 
(6e3 Tpy6 TeXHOJIOrH'ieCKHX Kattan OB), 

a TaK)l{e oueHKH JJ.JIHHbl .lIH<pcpy3HH Lo B H30TpOnHOH cpe.L1,e. B 3TOH rn6rrm~e npHBe,n:eHbl TiiK)l{e He­

KOTOpbie napaMe-rpbl YKa3aHHblX KJla)J.OK, HCnOJ1b3OBaHHbie npH paC'leTax no COOTHOUieHIDIM (11) 
.LJ.JUI Lo(Lu ) H (12) JJ.JI.11 Lo(LJ. ). 

T a 6 J1 H u a 11. KoM□OHeHTbl AJIHHl,I .nmpq>y3HH Hei:i'rpOHOB H HeKOTOpbie napa-

Men,b1 LUI.II Mo.aepHU3HposaHHOH H mTaTHOH rpa<l>HTOBbIX KJJa,noK PEMK 
THil KJJa,nKH 

TiapaMeTp 
Mo.nepmoHposaHHa.11 lllTaTHa.sl 

DJIOKH C BTYJIKaMH DJJOKH C BTYJJKaMH DJJOKH 

l11 , CM 92,0 ± 3,0 63,8 ± 3,0 76,3 ± 0,3 

L J., CM 68,0 ± 3,0 57,7 ± 0,2 62,5 ± 0,1 

Lo (L11) , CM 50,5 50,0 50,2 
Lo (LJ.), CM 46,2 50,4 49,7 

p 0,369 0,1105 0,1951 

R, CM 4,87 4,45 5,70 

0 1,410 1,333 

y C' r / cM
3 1,701 ± 0,009 1,687 ± 0,005 

A~ B cpe.ne 2,408 2,427 
BHe KaHaJJOB. CM 

- 0,800 0,807 D , cM 
• ~lC) · 104 CM- I 

a , 
3,14 ± 0,14 3,21 ± 0, 14 

cr(C) M6apH 4,23 ± 0,18 4,36 ± 0,19 
a ' 

• ~ ~c> = Dj L~ , r .ne D - oueHKa KOJ q><l>HUHeHTa .n1-1<P<f>Y3HH TeTTJJOBbIX HeHTpOHOB s rpa<f>HTe. 

KaK cneeyeT H3 pe3yJJbTaTOB aHanHJa, np1rne.LieHHbIX B Ta6JJ. 11, nonyYeHHOe 3Ha'leHHe JJ.JIH­

Hbl JJ.H<pcpy3HH B cnJIOUJHOM rpacp1ne JJ.JI.11 MO.LiepHH3HpOBaHHOH rpaq>HTOBOH KJla)J.KH Lo= Lo (Lu) = 
= 50,5 CM 6nH3KO K 3Ha'leHHfO Lo = 50,6 CM, peKoMeHJJ.yeMOMY JJ.JI.11 peaKTopttoro rpacpHTa PEMK 
{npH y c = I, 70 r / cM\ Orn HY He Me)K.liy nonY'-leHHhIMH ouettKaMH L0 (Ln) H Lo (LJ. ) cocTaBJJ.lleT 

oKono IO %. )];i.11 w TaTHOH KJ1a.LJ.KH ouettKH Lo (L11) H Lo (LJ. ) OTJ1H-i.ta10TC.11 s npe.Lienax 1 % KaK Me­

)1{.ll}' c o6oH, TaK " JJ.JI.11 o60HX eapHaHTOB KJla)J.KH . TT03TOMY onpaB,llaHO npHMeHeHHe JJ.JI.11 WTaTHOH 

KJ1a.LlKH cpe.Littero 3HaYem1.11 Lo= 50, I CM. 
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,l(JUI oueHKH BCJTH"l.fHHbl CC4CHIDI rror11omem-u1 rpacfnrra cr~C) npH :meprnH E = 0,0253 3B HC­

noJib30BaHbl pe3yJlbTaTbl HCHTpOHHO-cpH3Hl-lCCKHX pac4eT0B B KpHCTaJlJ1H4eCK0M rpacpHTe B )lHa­

naJ0HC OT 0 ll0 1 3B. B pac4eTe noey4eHo cooTH0UJeHHe Me)K)J.y TeMnepaiypoH TH He~hpoHHoro 

raJa H KOMHaTHOH TeMneparypoii : .Jr" /293 = 1,019 rpacf>HTa. ,l(Jui nepexo.lla oT cpe.nttero cet:1e­

HHJI rrornomeHHjl cr:C) K ce4CHHJO nornomeHllil cr~C) npH E = 0,0253 3B npHMCHjj_JlQCb CO0TH0We-

e O'(C) = cr(C) _3__ .J T. = l 150cr(C) . 
Hl-l a a J;, 293 ' a 

8 HTOre C Y4eTOM paClfeTH0-3KCnepHMCHTaJlbHblX 3Ha4CHHH K03cpcpHI.\HCHTa ,nHcpcpy3Hll D = 
0,815 (ye= 1,67 r / cM\ ,nJlHHbl .nwcf>cf>YJHH Lo = 50,5 CM JlJljl MO.llCpHH3Hp0BaHH0H H Lo= 50,1 CM 

,nJUl lllTaTHOH KJla,n0K H ouetteHHblX norpewHOCTCH ( &15 = 1,5 %, 8Lo = 2 %) Il0JlYlfCHa c11eey10-

wrur semr1.urna MHKpocKonHlfecKoro celfeHWI rrornomeHJ,ljl cr~c) (0,0253 3B) s rpacpwre: 

o~C) (0,0253 38) = 4,23 ± 0,18(1 cr) M6apH - Mo.nepHH3HposaHHrur KJ1a,nira; cr~C) (0,0253 3B) = 
= 4,36 ± 0,19(1 cr) M6apH - lllTaTHrul KJla)lKa. 

5. PacqeTHO-::lJCCnepuMeHT3JlbBOe HCCJICAOB3HHC i.ncf,cf,y1HOBBblX CBOHCTB 

rpacJ,HTa CTCH,ll3 fl>Or 

Ha CTeH,ne rPor H3Y4CHbl ,nHcpcpy3HOHHble CBOHCTBa rpacpHTOBbIX c6opoK K-01 H K-02. 
C6opKa K-01 C MaKCHMaJlbHOH nopHCT0CTbfO xapaKTepH30Ba.JiaCb 3Ha4HTCJTbHOH aHH30TpOI1HeH 

CBOHCTB s np0)l0JlbH0M H nonepeCf.H0M HanpaBJICHJ,lj!X. C6opira K-02 c MHHHMaJlbHOH nopHCT0-

CTbfO 6J1H3Ka K IlJlOTHOH rpacpHTOBOH CHCTeMe (pa3.LJ.CJI 1.3.). TTpH n0CTaH0BKe 3KCnepHMCHT0B Ha 

3THX c6opKax H aHaJlH3e Il0JIY"l.fCHHhLX pe3yJibTaT0B H3MepemrH llJljl n0BbClllCHllil T04H0CTH onpe­

ACJICHHjl JlHcpcpy3HOHHblX CBOHCTB rpacpHTOBOH KJia,nKH noTpe60BaJ10Cb BbIIl0JIHHTb 6oJiblllOH o6b­

eM paC4eTHbIX HCCJiellOBaHHH H3-3a orpaHH4CHHOCTH 3KCnepHMCHTaJlbHblX B03MO)KHOCTeH H oco-

6eHHOCTeH H3y4aeMbJX c6opoK [ 17). 
5.1. llpol,feOypa npoaeoeHWl 3KCnepUMeHmoa Ha 2pa</_Jumo6blX c6opKax K-01 u K-O2. Onpe­

AeJieHHe K03cpcpHUHeHTOB penaKcaum-1 )lJIHH JlHcpcpYJHH B c6opKax K-0 L, K-02 npoB0,UHJI0Cb 3KC­

Il0HCHUHaJlbHblM MeT0,U0M C HCI10Jlb30BaHHeM HCT04H.HKa Cil0HTaHH0ro )lCJlCHJ,ljl 
252

Cf (Q ~ 
1,3-108 

Hie), HMefOmero ra6apHTHble pa3Mepbl 3,5x55 MM. ITpH H3MepeHHH 0TH0CHTCJlbH0f0 pac­

npe.n.e11eHW1 Il0T0Ka HCHTpOHOB H orrpe)leJieHHH K03cpcpHUHCHTOB penaKCaUHH Yu, Yi B npOJl0JlbH0M 

H nonepe4H0M HarrpasneHHjlX llaHHbIX c6opoK npHMCHj!JICjl Ma.JIOra6apHTHblH 6opHhIH C4CT4HK 

CHM-I 2. l13MepettHe 0TH0CHTCJlbH0ro pacnpe.n.eneHHjl Il0T0Ka TCilJl0BblX HCHTpOH0B no Bbl6paH­

H0MY HarrpaBJICHHfO np0B0)lHJl0Cb C Il0M0IJ..{bfO llCTeKTopa B Ka,UMHCB0M lfexne H 6e3 Hero noc11e­

A0BaTeJ1bHO no TpH pa3a B Ka)K)J.OH T0lfKe H3MepeH1-fjl. no KIDK.ll,0MY HanpaBJICHlllO TaKHe 3aMepbl 

nposo,nHJIHCb TPH pa3a. 

)1/Ijl Il0BblWCHJ,ljl T04H0CTH onpe,neJieHHjl K03cpcpHUHeHTOB pe11aKcau1u1 Y11, Yi H COOTBCTCT­

BCHH0 llJIHH !1Hcpcpy3HH Lu, Li Bbl6Hpanacb Ha 0CH0BaHHH pac4eTHblX pacnpe.neneHHH n0T0K0B 

HeHTpOHOB TaKrul 0611aCTb pacnono>KeHHJI lleTeKT0p0B B c6opKax, 4T06bl BJlHJIHHe BblClllHX rap­

M0HHK H YTe4KH C Topua npH3Mbl 6blJ10 MHHHMaJlbHblM B BCJIH4HHaX Il0T0Ka HCHTpOHOB. Ba>K­
H0CTb Bb16opa o6naCTH 0ilTHMaJlbH0f0 pacno11o>KeHJ,ljl lleTCKT0p0B 06ycnos11etta HCI10Jlb30BaHHeM 

B 3KCnepHMeHTaX MaJlOra6apHTHOfO HCT04HHKa 6blCTpblX HeifrpoHOB, HMe10mero orpaH:Ht:fCHttyfO 

HHTeHCHBH0CTb. B npou.ecce noc11e.nosaTeJ1bHblX rrpH6JJH>KeHHH (c Y4eT0M nonpaBKH Ha Topeu.) 

YBCJIH"l.fHBaJI0Cb lfHCJl0 T04eK H3MepeHHjl no K0T0pblM MeT0Jl0M HaHMeHblllHX KBa.D,paTOB orrpe.lle­

J]jlJJHCb OK0H4aTeJibHble BeJJHlfHHbl K03cpcpHU.HeHTOB peJJaKCal(HH llJl.11 norrepe4HOH 11 npO.LJ.OJlbHOH 

.D:Hcpcpy3HH. TTonpasKa Ha BJlHjlHHe Topu.a ou.eHHBaJiaCb B BH,ne 8 = li- e - 2111 <c-=) J-1
• 
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3a.D.a'-!a onTHMHJau,HH pacnoJIO)KeHIDI ,D.eTeKTopos s c6opKax. pernanacb Ha ocHose cpasHemu1 

pac'-!eTHblX pacnpe,D.enemrn nOTOKOB TenJIOBbIX Hei-iTpOHOB B Hanpasnemm Z C 3KCnepHMeHTaJlb­

HblMH ,D.aHHblMH. Ecm1 OTJIH'-llie COOTBeTCTBYJOLllHX pac'-!eTHbIX pacnpe,D.enemrn OT 3KCnepHMeH­

TaJibHbIX ,D.aHHblX Hax.O,D.HJIOCb B npe.uenax. norpelllHOCTH H3MepeHHH (~ l %), TO nonaranocb, '-!TO 

HMeeT MeCTO cosna.ueHHe Me)KJ()' 3KCnepHMeHTaJibHbIMH H pac'-!eTHbIMH pe3yJibTaTaMH. 

8 paccMaTpHsaeMOH 3a,D.aqe onTHMH3aUHH npH HCITOJlb3OBaHHH peweHHj! ypaBHeHHJI .umpcpy-

3HH (6) Ha'-laJIO KOOpJJ.HHaT COBMell{aeTCj! C pacnOJIO)KeH!-leM <pHKTHBHOfO nJIOCKOfO HCTO'-1.HHKa Te­

nJIOBblX Hei1TpOHOB (p33JJ,eJI 2.3). B Ka'-!eCTBe HCXOJJ.HOH HH<pOpMaUHH JJ.Jlj! ypastteHIDI JJ.H<pcpy31,n1 

npHMeWIJIOCb 3KCnepHMeHTaJibHOe pacnpe,D.enemte noTOKa TenJIOBbIX Hei1TpOHOB Ha )J.aJibHeH OT 

HCTOt.jHHKa nosepXHOCTH nbe,D.eCTaJia. PacnOJlO)l(eHHe <pHKTHBHOfO HCToqHHJCa npaKTHqecKH onpe­

)J.eJlj!eTCj! ITOJIO)l(em,1eM nJIOCKOCTH (X, Y) no OCH Z cp33y 3a nbeJJ,eCTaJIOM, KOTOpbIH B HCCJTeeye­

MbTX c6opKaX npe,D.cTaBAAJl co6oi1 ,D.Ba KpaHHHX Pj!JJ.a rpa<pHTOBOH KJia,D.KH c COOTBeTCTByJOlll,HMH 

rpaqmTOBblMH JarnylllKaMH (TOJllll,HHa ITbe,D.eCTaJia 50 CM). 3a nbe,lleCTaJIOM ~e He npoHCXO)J.HT 

3aMeTHOfO 3aMeJJ.J]eHIDI HeHTpOHOB H Ka,llMHesoe OTHOllleHHe )J.OCTHraeT npaKTH"'-leCKH noCTO$1.HHO­

ro 3HaqellHJI. B Ta6n. 12 JJ.Jlj! c6opKH K-02 C MHHHMaJibHOH IIOpHCTOCTblO npHBeJJ,eHbl pe3yJlbTaTbl 

aHaJIH3a, xapaKTepH3yJOll{He Ba)l(HOCTb Bb16opa OIITHMaJibHblX ToqeK H3MepeHID1 JJ.Jlj! BbI6paHHblX 

no Z ttanpaenemo1. 

T 6 a JI HU 3 12 0 ueHKa BKJTa,lla BhlCWHX rapMOlilll( B 3Ha'leHIU IlOTOKOB HeHTPOHOB, o/c 0 

Koop,nHHaTbt PaCCTOjfHHe no z OT Ilhe)leCTaJia, CM 

TO'-IKH H3Me-

peHJ,ljf B rmoc- 125 150 175 200 225 250 275 300 
KOCTH (X, Y) 

x = ±25 CM 
+ 4,7 + 2,9 + 1,8 + 1,1 + 0,7 + 0,4 + 0,2 + 0,1 

y =± 75 CM 

x = y = 0 - 25,1 - 21,7 - 18,7 - 16,2 - 14,0 -12,1 -10,4 - 9,0 

AHaJIOfH'-IH~ 33BHCHMOC'1'b Ha6JIJO,D.aeTCj! JlJlj! c6opKH K-01, B KOTOpOH JJ.AA Bb16paHHblX Ha­

npasJieHHH cna.u BblCllIHX rapMOHHK no OCH z B nOTOKe TenJJOBblX HeHTPOHOB 6onee 3HaqHTeJib­

HblH, '-leM s c6opKe K-02 (npH z ~ 150 BKJJa.D. BblClllHX rapMOHHK MeHbllle 1 %). 
5.2. OnpeoeJ1e1we K03ppw1ueHmoe peJ1a1<ca7,Juu e c6opKe K-01. C6opKa K-01, HMe10m~ 

cpopMy Ky6a C p33MepoM rpaHH 4,5 M, npeJJ,CTaBJij!Jia co6oi1 rpa<pHTOBYJO KJJa.D.KY CTeHJJ,a rPor C 

nycTbIMH sepntKaJibHblMH K3HaJiaMH, co scex CTOpOH noKpbITYJO Ka,llMHeBblM JIHCTOM TOJllll,HHOH 

I MM (pHC. 12). H.3MepeHHe K03<pQ)HUHeHTOB penaKcauHH nonepeqHoH .llH<pcpy3HH (Y.L) BbinOJlffj!­

JIOCb JlJlj! B33HMHO nepneH,llHKYJij!pHblX ttanpasJieHHH. C 3TOH uenbIO nepeJJ. nposeJJ,eHHeM 3KCne­

pHMeHTOB Ha COOTBeTCTBYJOl.l.lHX 6oKOBbIX noaepXHocnx c6opKH co6HpaJICj! ITbe,lleCTaJI TOJlll{J,f­

HOH 50 CM JJ.Jlj! 3cp<peKTHBHOfO 33MeJJ.J]eHHj! 6blCTpbIX HeHTPOHOB (pHC. 12, a). TTepe.u H3MepeHHeM 

seJIHqHHbl Yu ,lJ.Jlj! npO.llOJlbHOH .[(HQ)<pYJHH B HH)l(HeH qacTH rpacpHTOBOH c6opKH co6HpaJICj! nbeJJ,e­

CTaJI BblCOTOH ~ 50 CM, a ITbe,[(eCTaJI, HCilOJlh3yeMblH B H3MepeHHj!X Y.L, p336HpaJICj! . B 3THX H3Me­

peHHJIX HeHTpOHHblH HCTOqHHK ycTaHaBJIHBaJICj! B ueHTpe BHelllHeH nosepXHOCTH COOTBeTCTByIO­

w.ero nbe,D.ecTana (pHc. 12, 6). 

Anj! Ka)l(JJ.OfO nOJIO)l(eHHj! nhe,D.eCTaJia onpeJJ,eJieHHe semfqHH K03<pQ)HUHeHTOB penaKCaUHH 

npOBO,D.HJIOCb no H3MepeHHIO noTOKa TenJIOBblX Hei1TpOHOB COOTBeTCTBeHHO B JJ.Byx HanpaaJieHHj!X 

JJ.AA Y.L H qeTb1pex HanpasneHHj!X napanneJibHO ocH Z B cny4ae Yu (Ta6JI. 13). Bee paccMOTPeHHbte 

HanpaBJieHHJI xapaKTepH3YIOTCj! MHHHMaJibHblM BJlffj!HHeM BblCllJHX rapMOHHK. 
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PJ.iC. 12. CxeMa pacnono­
)l(eHIDI HCTOlJHHKa H )le­
TeKTOPOB e c6opKe K-01 
npH H3MepeH1rn KOJQ>cj>H­
U}1eHT3 penaKcaQHH JUUi 

11oaepe4HOH (a) H npo­
JlonbHOH (6) JlHQ>Q>Y3HH: 
1 - HCT04HHK 6bICTPblX 
ttei1TPouoe; 2 - rn,e.ne­
cTaJI; 3 - )leTeKTop __h_ • T---

. ...__ 3 

/ 

a) 

,[(eTeKTopbI pacnonararrHCb s Me)K-

6nolfHhIX OTBepcnurx. TipH npose,n.eHHH 

H3MepeHHH BeJTHlfitHbl Y1. paccTOj{HHe 

Me)l(Jzy coce,n.HHMH JJ.eTeKTopaMH orrpe.ue­

JUUIOCb waroM Me)K6JTOlfHblX OTBepCTHH H 

paBHO 25 CM. TipH onpe.neneHHH K03cp­

cpKI..1,HeHTOB penaKC8L{HJ,f Yn Bb16paHa o6-

Ta 6 JJ u u a 13. KoopwrnaTbI T0tJeK H3MepeHID1 e nnocKoc­
TH X Y Hon e.neneHHH eenwurn 1. H II B c6o Ke K-0 l 

HanpaBJJeHHe npH HanpaeneHHe npH Koop.nHHaTbI 
onpe.neneHHH Y1. onpeJJ:eJieHH.H Yu 

H3MepeHI-UI 2 2 3 4 

X, CM - 75 75 75 - 75 - 75 75 

y,CM 75 75 - 75 - 75 75 75 

JT8CTb H3Mepem1Jl no OCH. z OT 150 .no 325 CM, a paCCTO11HHe Me)l(Jly coce.UHHMH TO~8MH H3Mepe­

HIDI COCTaBJljjJTO 12,5 CM. TioJTO)KeHHe JJ.eTeKTopa no BbICOTe KJla,L\KH q>HKCHpOBaJIOCb c ITOMOlUblO 

COOTBeTCTBYJOW.ero npHcnoco6neHHjj. IlpH BbI6ope TOlfeK pacnoJTO)KeHH11 JJ.eTeKTopos Yl'..fHTbIB8-

JT8Cb TaK)Ke He06XOJJ.HMOCTb JJ.OCT8TOlfHOH CT8THCTJ.fKH H3MepeHHjj ( ClJeT8). 

B Ta6n. 14 npHse.ueHbl pe3yJibT8Tbl onpe.neneHHjj K03cpq>HL{HeHTOB penaKC8L{HH Y1. H Yu JJ.JTjj 

BbI6paHHblX HanpaBJTeHHH (38Mepbl no Ka)KJlOMY HanpaaJieHHlO npOBOJJ.HJTHCb no 3 p83a). KaK cne­

JIYeT 1-13 Pe3YJibT8TOB H3MepeHHH, npHse.neHHb[X B Ta6n. 14, p8311Hl'..fHe Me)l(Jly 3KCnepHMeHTaJib­

T a 6 JJ u u a 14. BeJI[,Jt{H.Hht KOJQ>Q>HI.J.HeHTOB penaKcau1-111 .nm1 nonepecrnoH H npo.nonh-
HOH J{Hcj)cj)y3HH 

Hanpae- Pe3yJibTaTbl H3MepeH.H11 KOJQ>Q>HUHeHTOB peJiaKCaUHH YJ. H Yu (B CK06-

Kax - norpelllH0CTb anIIO0KCHMaUHH KOJ(f>cj)HQHeHTa penaKCaI..{HH) 
neHHe 

TionepetJHaJI LlHq>cj>y- I1onepe1rna.ir Tipo)lOJlbHaR JlHQ>Q>Y3HR (Ta6JJ. 13) 
3HJI Y1. (pHC. 12, a) .m1c1Jc1Jy3Hjj Y 1. 

• Yu (pHC. 12, 6) 

0,01616 (0,7 %) 0,01597 (0,4 %) 0,01383 (0,4 %) 

I 0,01600 (0,4 %) 0,01600 (0,3 %) 0,01383 (0,5 %) 

0,01589 (0,5 %) 0,01602 (0,6 %) 0,01394 (0,5 %) 

0,01595 (0,4 %) 0,01588 (0,3 %) 0,01380 (0,2 %) 
2 0,01586 (0,4 %) 0,01591 (0,6 %) 0,01373 (0,2 %) 

0,0 l 598 (0,5 %) 0,0 l 583 (0,5 %) 0,01382 (0,2 %) 

- - 0,01382 (0,3 %) 
3 - - 0,01385 (0,2 %) 

- - 0,01387 (0,2 %) 

- - 0,0 I 391 (0,5 %) 
4 - - 0,01407 (0,5 %) 

- - 0,01396 (0,4 %) 
* I111ocKocTb nhe.necTaJia noeepHyTa Ha yron 90° (oTHOCHTeJlbHO pacno11o>KeHHJ1 Ha pHc. 12, a) 
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Pwc. 13. PacrrpeneJ1eH11e noToKa TeITJJOBhIX tteihpottoB 
<I> e c6opKe K-0 l B nonepe'iHOM H npononbHOM Ha­

rrpaBJ1ett1rax: OTHOCHTeJlbHO pacnOJIO>KeHIDI KaHaJlOB: • , 

o - pacrrpen.eneH11J1 noTOKOB np11 H3Mepemm nonepe'i­
Hor o K03q>q>mu-teHTa penaKCaIJ.HH ,wur ,u;eyx eJaHMHO 

nepneHJlHKYIDlPHhIX ttanpaMeHHii; • - np11 H3Mepemrn 

ITpO.lI,OJlbHOro K03q>q>Hl.lHeHTa penaKCaumi; Z - paCCTO.R:­
HHe OT HCTO"IHHKa TeITJlOBblX HeHTpOHOB 

HblMH 3H34eHH.srMH K03q>q>HUHeHTOB penaK­

Cal.{HH no Bb16paHHblM HanpaBJICHH.slM ,lJ,JUI 

nonepe4HOH H npo,nOJlbHOH .U.Hq>q>y3HH Haxo­

)J.HTC.R: B npe,nenax oueHeHHOH tteonpe,u.enett­

H0CTH. Ilo3TOMY M0)KH0 rosopHTb 06 0.llH0-

po,nH0CTH rpaq>HTOBOH c6opKH K-01 KaK no 

BepntKaJIH, TaK H ropH30HTaJIH. 

B HTore nonyl.feHbJ cne.u.y10mHe HHTep-

BaJibl Heonpe,neneHHOCTH )]JUI cpe,u.HHX 3Ha-

4eHHH K03q>q>HUHeHTOB penaKcauHH none­

pe1.JHOH H rrpO.llOJlbHOH .U.Hq>q>y3HH npH ,nose­

p1neJibHOH sepo.R:TH0CTH Pc = 0,95 : Y1. = 

(0,01594 ± 0,00005) CM-1; Yn = (0,01387 ± 
0,00007) CM-I . KaK HJIJllOCTpaUH.sr, Ha pHC. 13 
npHBe,neHbI 3KcnepHMeHTaJibHbie pacnpe,ne­

nettH.sr ITOTOKa TeruIOBblX HeHTpOHOB, no­

npasneHHbie Ha YTel.fKY C Topua npH3Mbl B 

c6opKe. 

5.3. OnpeoeJ1e11ue K03qx/Ju11ue11mo6 pe­
flGKCGtfUU e c6opKe K-02, npe,u.cTaBJUriomei:i 

co6oH 43CTb rpaq>HTOBOH KJia,L(KH CTeH,na 

r POr, B KOTOpOH 0TBepCTH.sr B 6noKax 3a­

nonHeHbl rpaq>HTOBblMH npo6KaMH. C yqe-

TOM .llOCTaTOC!HOH npe,ncTaBHTeJibH0CTH pa3-

Mep c6opKH C0CTaBJUUI I 500x4 500x4 500 MM 

(X,Y,Z). tfro6h1 o6ecneqHTh Bhm0JIHeHHe 

ycJI0BH.R: paBeHCTBa eymo n0T0Ka HeihpOHOB 

Ha nJIOCKOH rpa.HHl.{e c6opKH, H3BJieKaJIHCb 

C00TBeTCT B)'lOI..l.lHe 6JIOKH p.sr,na H Ha HX MeCT0 ycTaHasmrnaJI0Cb .llHCTaHUH0HHP)'lOI..l.lee YCTJ>OHCT-

80 C K3.llMHeBblM noKpblTHeM. 

B c6opKe K-02 c MHHHMaJibHOH nopHCT0CTbJO HMeeT MeCT0 6onee 6bJCTJ)blH cna.n n0T0Ka 

HeHTpOHOB, 4eM B c6opKe K-01. IIo:noMy npH onpe,nenemrn K03q>qrnuHeHTOB peJiaKC3UHH Bb16pa­

Ha o6JiaCT b H3MepeHH.sr no OCH z OT 125 .ll0 275 CM. B 3TY o6JiaCTb BKJUOl{eHbI TaJOKe T0'iKH H3Me­

pem u1 , B K0T0pb!X HMeeT MeCT0 He60JibWOH BKJ13.ll Bb(CllJHX rapM0HHK B IT0T0K HeHTpOHOB (< 5%); 
npH o6pa6oTKe pe3yJJbT3T0B ycIHTbIBaJIHCb nonpaBKH, o6ycnosneHHbJe BJIH.slHHeM 3THX rapM0HHK. 

Onpe,neneHHe K03q>q>HUHeHTOB penaKC3UHH np0B0.U.HJJ0Cb no H3Mepemno TI0T0Ka TenJI0Bbrx HeH­

Tp0H0B s .llByx HanpaBJICHI-UlX M.R: Y1. H Yu (Ta6JI. 15). 

Ta 6 J1 H Q a 15. KoopJlHHaTbl rnqeK HJMepeHHH 8 ITJlOCKOC­

TH (X, Y) npu orrpeJI.eneHHH eeJJH'iHH Y1. H y11 B c6opKe 
Hanpaenett11e HanpaBJieHHe 

Koopn11HaTb1 npH onpeneJ1e- rrpw onpenene-
TOl{CK HHH Y1. HHH Y11 

H3MepeHH.R: 
1 2 1 2 

X,CM -25 25 - 25 25 

y,CM 75 75 - 75 75 
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B Ta6JI. 16 npHBe,neHbl pe3yJibT3Tbl onpe­

.uenemrn K03q>q>HUHeHTOB penaKcauHH Y1. H Yu 
,ZlJI.R: BbI6paHHblX HanpaBJieHHH. AHaJIH3 ,naH­

HbIX, npHBe,UeHHblX B Ta6n. 16, IT0Ka3blB3eT 

xopolllyio socnp0H3B0.llHM0CTb onpe,nenettH.sr 

K03q>q>HUHeHTOB penaKCaUHH no BhI6paHHblM 

HanpasneHH.R:M H IT03B0J1HeT c,uenaTb Bb)B0,ll 06 

0,ZlH0p0.ZlH0CTH c6opKH. 



B HTOre nony4eHbl CJJeJJ.yJOU{He HHTep­

BaJlbl Heonpe.l(eJJeHHOCTH )l,JUI cpe.L{HHX 

3HaqeHHH K03cpqmuHeHTOB peJJaKcaUHH 

nonepe1IHOH H npOJJ.OJlbHOH J(Hq>q>Y3HH npH 

)lOBepHTeJlbHOH sepO.siTHOCTH Pc = 0,95: 
YJ. = (0,02793 ± 0,0001 I) cM·\ Yn = 

== (0 02759 ± 0,00039) CM-
1
. 

5.4. O1./eHKO 0flUH ourjJ</_Jy3uu 6 c6opKax, 
K-01, K-02 u aHOJlU3 pe3yJibmamoe U3Me­

peHUU. AHanHJ H cpasHeHHe JJ.JlHH JJ.Hcpcpy­

JHH B c6opKax K-01, K-02 ue11ecoo6paJHO 

npoBeCTH, HCflOJlb3Y.si HX oueHeHHbie 3Ha­

qeIDUI )l,JUI CnJlOLllHOH rpaq>HTOBOH CHCTe­

Mbl (6e3 nopHCTOCTH). C 3TOH ueJTbJO J(JI.sl 

o6pa60TKH 3KCnepHMeHTaJibHbIX ,naHHbIX, 

nonyqeHHbIX Ha YKaJaHHbIX c6opKax, npH­

T a 6 J1 H u a 16. BeJIWU1.HJ,I K03q>qrnu.HeHTOB penaKcau,rn 
JUUi nonepe•rnoH H npO.ll0JlbHOH .101<pq>y3HH B c6opKe K-02 

PeJynbT3Thl H3Mepemu1 K03cpq>HUH-
eHTOB penaKcauHH Y.1.. H y11 (e CK06-

HanpaeJiettee Kax - norpelllH0CTb annp0KCHM3U.IDI 

(Ta6JI.15) K03q>q>HUHeH1'a penaKC3UHH) 

nonepelUlru1 ITpo.11:onbHM 
.llHq>q>Y3IDI y l. JJ.H'Pcl>YJHH Yu 

0,02793 (0,5 %) 0,02755 (2,4 %) 

I 0,02788 (0,4 %) 0,02773 (2,9 %) 

- 0,02784 (3,6 %) 

0,02804 (0,7 %) 0,02764 (2,2 %) 

2 0,02806 (0,6 %) 0,02700 (3,5 %) 

0,02786 (0,5 %) 0,02696 (3,7 %) 

MeHSIJOTC.si COOTBeTCTByJOU{He TeOpeTHtJ.eCKHe cpopM)'JTbl (14) H (15). 3-roT nOJ(XOJJ. nO3BOJUleT npo­

sepHTb cornacosaHHOCTb nonyt.teHHbIX 3KCnepHMeHTaJibHblX 3HalJeHHH .nm1 c6opoK C pa311HlJ.HOH 

nopHCTOCTblO H O1.teHHTb npHMeHHMOCTb HCnOJJb3OBaHHblX cpopM)'JI )J.11.si pacqeTa TillUIX CHCTeM. 8 
Ta6JI. 17 npHBeJJ.eHE,1 3KCnepHMeHTaJibHble H pacqeTHble 3Ha4eHH.si J].JIHH .D.H<PQ>Y3HH (La, Ll.) B 

c6opKax K-01, K-02, a TalOKe s cnnowHoii rpacpITTosoi:i CHCTeMe (L0) . 

IlpH onpe,nenemrn pact.teTHoro 3Ha1IeHH.s1 L~T> , nonyqeHHoro c 1-1cnOJib3OBaHHeM nacnopTHblX 

,... r (T ) __ 12, 01 I 
J].aHHbIX Ha rpa't'HTOBbJe 3JJeMeHThl, npHMeHJlJIOCb COOTHOIDeHHe 1., 0 

6, 023 · l 023 y c 3 cr~,cr~CJ ' 

r)l.e Ye= 1,689 ± 0,001 r/cM
3 

- nJlOTHOCTh rpacpHTa no HMeJOI.Il;HMC.sl nacnoprHblM JJ.aHHbIM; cr~C) = 
3,59 M6apH - cpe.l(Hee MHKpOCKOnHtJ.ecKoe ce'ieHHe nornorueHH.s1 B rpacp1ne no nacnopTHhIM .uaH­

HbIM; (j~) = 4,56 ± 0, 18 6aptt - rn611wrnoe 3Ha4eHHe TpaHCITOpTHOfO MHKpocetJ.eHH.sl rpaq>HTa, 

KOTopoe BHOCHT HaH6011hwy10 norpelllHOCTb B seJTH4HHY LbT) (~ 4 %). B HTore nonyl!eHhI cne­

JJ.YIOI.Il;He 3Ha4eHH.sl J].JlHHhl JJ.Hcpcpy3HH L<[) H ee HHTepsana HeonpeJJ.eJJeHHOCTH npH JJ.OBepHTeJJb­

HOH sepO.siTHOCTH Pc= 0,95 H HOpMaJibHOM JaKOHe pacnpe.l(eJieHH.sl: L<[) = 53,2 ± 1, 1 CM. Mero­

JJ.HKa oueHKH HHTepBaJIOB Heonpe.ueneHHOCTH H3JJO)KeHa B npHJIO)l{eHHH n. 
IlpH HaJIH4HH aopHCTOCTH B KJTa)lKaX K-0 l H K-02 y4eT nornomeHIDI HeHTpOHOB B B03.n:yxe 

BHOCHT cooTBeTCTBYIOU.lHe nonpaBKH B 3Ha4eHHJI .UJJHH JJ.H<P<PY3HH Lu, L1. H L0 . TaK, B c6opKe K-01 
npH nopHCTOCTH p = 0,52 yqeT nornomeHHJI HeHTJ)OHOB B 8O3,llyx.e npHBOJJ.HT K yMeHbWeHHIO 

J].JlHHbl JJ.J,tcpcpy3HH Ha 3 %, a B c6opKe K-02 npH p = 0,063 - Ha 0,4 %. B Ta6JJ. 17 pac4eTHbie 3Ha­

lfeHH.si Lu H L1. npHBeJJ.eHbl KaK 6e3 nonpaBOK, TaK H C yt.teTOM nonpaBOK Ha nornoiµeHHe B BO3.LJ.Y­

xe. B semt4HHax L0(L 11) H L0(L1.), no11y4eHHbIX HJ 3KcnepHMeHTaJibHbIX pe3yJibTaToB J].JIJI pa3JJH4-

HbIX HanpasJieHKH, Y4HTblBaJiaCb nonpaBKa Ha nornomeHHe B 8O3.LJ.yxe. 

J13 peJyJihTaTOB npoBeJ].eHHOro aHaJIKJa MO)l{HQ CJJ.eJJaTh CJieJ].ylOlUHe BblBO,ll,bl: 3KcnepHMeH­

Ta.!IbHbJe 3Hal.feHHJI J].JlHH JJ.Hq><pyJHH Lu, L1. c yt.teTOM nonpasoK Ha nornomettHe B BOJJJ.yxe cosna­

JJ.alOT B npeJJ.eJiax HHTepsanos Heonpe.l(eJieHHOCTH C COOTBeTCTBYIOUJ.HMH paCl.feTHblMH O1.teHKaMH, 

nonyl.feHHblMH no cpopMyJiaM ( 14 ), ( 15) c HCnOJib3OBaHH.eM nacnopTHblX J(aHHblX Ha rpa<pHTOBbte 

3JleMeHTbJ ; BeJIHl.fHHbl JJ.JlHH JJ.Hcpcpy3HH Lo(Lu) H Lo(L1.), nonyl.feHHbJe J].JlJI pa3JTl1'{Hb)X ttanpasne-
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Ta 6 JJ u u a 17. 3HatJeHH.R KOMnoHeHT Lu H LJ. TeH3opa nmpq>)'3HH H oueHKa MHH.bl 

nH<t>cpYJHH Los rpacj>HTOBblX c6opKaX K-0 l H K-02 6e3 rropHCTOCTH 

C6opKa Mernn oueHKH 
Bnon& KamUJos ITepneH.D:HK"JlJlPHO KaHaJJaM 

Lu lo(Lu) LJ. lo(LJ.) 
3KcnepHMeHT 93,9 ± 0,6 54,l ± 0,7 85,2 ± 0,4 54,3 ± 0,7 

PactJeT: 

K-01 6eJ YtJeTa norno-
95,0 ± 2,6 - 86, 1 ± 2,1 -

meHIDI s aoJnyxe 
c ytJeToM norno-

92,2 ± 2,6 - 83,5±2,1 -
meHH.R B B031IVX.e 

3KcnepHMeHT 57,7 ± l,3 54, l ± 1,3 57,4 ± 0,9 54,l ± 0,9 
PactJeT: 

K-02 6eJ YtJeTa rrorno-
56,9 ± 1,1 - 56,7 ± 1,1 -

meHHSI B 8031IVXe 
C YtJeTOM norno-

56,8 ± l , l - 56,5 ± 1,1 -
meHIDl s soJ.rrvxe 

HHH B c6opKaX K-01 H K-02, npaKTHlleCKH cosna,ll,aJOT; 3KCnepHMeHTaJJbH0e 3Ha4eHHe .LUIHHbl 

JJ.H<pcpy3HH Lo= 54,2 ± 0,9 CM B cnJlOlIIHOH rpa<pHTOBOH CHCTeMe C0Bna,naeT B npe)leJlax HHTepsa­

JJ0B Heonpe)leJTeHH0CTH c paClleTHOH semflfHHOH L<[) = 53 ,2 ± 1, 1 CM ( rrpH )lOBepHTeJlbHOH sepo-

SITH0CTH 95 %); Heonpe,neJJeHH0CTb pacqeTH0ro 3Ha4eHHJI I.f{) o6ycJTOBJ1eHa B 0CH0BH0M ourn6-

KOH B BeJIHllHHe rn6mrrnoro 3Ha4eHHJI TPaHcnopTH0f0 ceqeHHJI O'~) (~ 4 %); norpemH0CTb BeJIH­

llHHbl MHKp0CK0TTH4eCK0fO ceqeHHJI nornomeHHJI rpa<pHTa, no.rryqeHHIDI C Y4eT0M HHTerpaJI.bHblX 

)laHHblX, C0CTaBJI.s!eT ~ 6 %. 
B HT0re Il0JIY'IeHa ouettKa JUl.s! BemtllHHbl MHKp0CK0ilHlleCK0fO CelleHH.si nornomeHHJI 8 rpa­

<pHTe C yqeT0M H3MepeHHblX HHTerpaJJbHblX )J.aHHblX B rpa<pHTOBOH KJla,nKe CTeH)J.a rPOr: 

cr~Cl(0,0253 3B) = 4,15 ± 0, I0(ler) M6apH. 

3a1u11o~euue 

B HHHOBal..{HOHHOH aTOMHOH 3HepreTHKe 6y.uyr urnp0K0 npHMCIDITbC.s! BITP C rpa<pHTOBblM 

3aMe)lJ1HTeJieM. B CB.s!3H C 3THM BIDKH0e 3Ha4eHHe HMefOT <pH3H~ecKHe xapaKTepHCTHKH peaKTop­

H0f0 rpa<pHTa. B HaCTO.RLUeH pa6oTe o6o6meHbl )l8HHble no <pH3H4eCKHM CBOHCTBaM rpaq>Iffa, no­

JT}'lleHHble B PHU, "IOI" Ha CTeH)lax ACTPA, PEMK H rror. B pe3yJibTaTe npose,neHHOH pa60Tbl 

nonyt.IeHbl cne.uyiomHe 0CH0BHble pe3yJibTaTbl )lJ1Jl pOCCHHCKOfO peaKT0pHoro rpacpHTa. Cpe.um1.si 

IlJI0TH0CTb rpacpHTa, oueHeHHIDI no HMefOll.{HMC.s! nacnopTHblM )laHHbTM, C0CT8BJUleT: 

• 'Ytn) = 1,697 ± 0,002( I er) r/cM
3 

- .LUI.R 6noKoB cTeH)la ACTPA; 

• 'Ytn) = 1,720 ± 0 ,009( I er) r/cM
3 

- .llJJ.s! 6noKOB cTeH)la PEMK; 

• 'Ytn) = 1,689 ± 0,00l(lcr) r/cM
3

-)lJ1.R 6J10KOB CTeH)la rP_Or. 

8 npe.uenax HeonpeJJ.eJieHH0CTH H3MepeHHH HMeeT MCCT0 cosna,neHHe 3KCnepHMeHTaJlbHblX 

3Ha4eHHH )lJlHH ,ll,Hcpcpy3HH B cnJJOWHOH rpa<pHTOBOH cpe)le H C00TBeTCTBYIOLUHX pacl.feTHblX Be­

JIH4HH, nonr1eHHblX C HCn0Jib30BaHHeM nacnopTHbIX )laHHblX Ha rpa<pHTOBble H3)leJIH.s!. B CilJI0lll­

H0M rpa<pHTe )lJIHHa .UH<pcpy3HH )lJJ.R lllTaTHOH" KJJa.LlKH CTeH)la PEMK C0CTaBJJReT 50, I CM, )lJljl M0-

.uepHH3HpOBaHHOH - 50,5 CM, a )lJl.s! KJJa)lKH CTeH,lJ,a f PQf - 54,2 CM. 

Ha 0CH0Be aHaJJH3a pe3yJibTaT0B HHTerpaJJbHblX <pH3H4eCKHX 3KcnepHMeHT0B Ha rpa<pHTOBblX 

KJJa)J.Kax CTeH)l0B H nacnopTHblX )J.aHHblX no <pH3H4eCKOM)' HH)J.eKcy nonyqeHbl oueHKH MHKpo-
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p 

cK0ITH4eCKHX Ce4eHHH nornomeHIDI TenJI0BblX HeihpoHOB B rpacp,ne C Y4eT0M npHMeceH Ha 0JJ,HH 

aT0M yrnepo,na: 

• crf> (0,0253 38) = 4 ,20 ± 0 , l 0( I cr) M6apH - KJia,nKa cTeH.ua ACTPA; 

• cr~C) (0,0253 3B) = 4 ,36 ± 0 , 19(1 cr) M6apH - wTaTHrul KJia,nKa cTeHJJ,a PBMK; 

• cr~C) (0,0253 38) = 4 ,23 ± 0 , 18( I cr) M6aptt - M0,nepHH3HposaHHrul KJia,nKa cTeHJJ,a PEMK; 

• cr~C) (0,0253 38) = 4 , 15 ± 0 , 10( 1 cr) M6apH - KJia,nKa cTeH,Zla fPOf. 
IlonytJeHHble oueHKH MHKp0CK0ITH'·IeCKHX cetJeHHH npHMepH0 C0OTBeTCTBYfOT 3KBHBaJieHT­

HOMY co,nep)KaHHfO s peaKTopHOM rpaq>Iffe npHMeCH 1 ppm sec. ecTeCTBeHHOro 6opa (TaK Ha.3bl­

saeMblH " 6opHblH 3KBHBaJieHT" ). B npou.ecce npOH3B0Jl,CTBa Heo6xo,n:HMO opraHJ-130BaTb Hepa.3py­

wat0mHH KOHTJ)OJlb npH onpe,neneHHH lJHCTOTbl peaKTOpHoro rpaq>HTa, OCHOBaHHbIH Ha ycosep­

weHCTBOBaHHbIX HHrerpanbHblX q>H3HtJeCKHX H3MepemuI:.x, ITOCKOJibKY XHMHI.JeCKHe MeTO,Zlbl KOH­

TpOJUl SIBJUUOTCSI pa.3pywaf0ll(HMH H MaJIOnpeJJ,CTaBHTeJibHblMH BBH.ZlY 4pe3Bbil.faHHO HepaBHOMep­

noro pacrrpe,neneHHSI npHMecei:i no 061,eMy rpaq>HTOBbtX H3JJ,emrn. 

ABTOJ)bl BeCbMa npH3HaTeJibHbl Hay•rnOMY COTJJY.ZlHHKY P.TI. TieTpyUieHKO 3a ITOMOll.{b npH 

no,n:rOTOBKe H ocpopMJieHHH ,ZlaHHOH pa6oTbl. 

KoHmaKmHaR C6Jl3b - Hocoe BumaJ1uu l1eaH06U'I, men.: ( 499)/ 96-92-91, e-mail: rpp@adis. vver.kiae.ru 

Ilpuno,-ceuue I. Onpe0eJ1enue tu1.omnocmu zpa<j,uma B KllO0Ke cmenoa PEMK 
TipH MOHTa)Ke WTaTHOH rpaq>HTOBOH KJla,ZlKH CTeH,Zla PBMK Ka)K,ZlbIH rpaq>HTOBblH 6JIOK B3Be­

IIJHBaJIC.il.. 0rHOCHTeJibHrul norpeIIJHOCTb MaCCbl pastta On, = 0 , 1 %. IlrJOTHOCTb Ka)KJl.OfO rpaq>HTO­

soro 6noKa onpe,neJieHa ,neJieHHeM pe3yJJbTaTa B3BeUIHBaHI-0I Ha o6'beM 6noKa, BbllJHCJieHHblH C 

HCil0Jlb30BaHHeM cpeJJ.HHX pa.3MepoB B ,ZlHanaJOHe .u.onycKOB. 0rHOCHTeJibHrul OWH6Ka o6'beMa 

6noKa Ov = 0,41 %. 3n1 norpeUIHOCTH MaCCbl H o6'beMa COOTBeTCTBYfOT MaKCHMaJibHOMY OTKJIO­

HeHHIO B CJJY4ae pasttoseponHoro pacnpe.n:eneHH.il semNHH B npe,nenax HHTepsanos Heonpe,ne­

neHHOCTH. TI pH 3TOM CTaH,napTHrul norpeUIHOCTb IlJIOTHOCTH rpaq>HTOBOfO 6noKa ( I cr) pasmIeTCSI 

±0,004r/cM
3
: 0'Y 6n = ✓(o m /✓3) 2 + (o v /✓3) 2 , cr(y 6_,) = 'Y 6n0'Y 6_, . 

Jfa 2 268 6JIOKOB KJia,ZlKH IlJI0THOCTH rpaq>HTa H3BeCTHbl .LUISI 2 252. no OT,ZleJibHb[M 6JIOKaM 

3HatJeHHe IlJIOTHOCTH H3MeHSleTCSI B npe,neJiax 1,61 ... 1, 77 r / cM
3 

H HMeeT HOpMaJibHbIH xapaKTep 

pacnpe)J,eJieHHSI . O,n:HaKO HeH3BeCTHbl ITJIOTHOCTH 11 -TH 6JIOKOB HIDK.Hero CJIOSI 11 IT_Sl"TH 6JIOKOB 

BTOporo p.s1,na CJI0SI. TipH MOHTa)Ke KJla,ZlKH 6JIOKH CTapaJIHCb pacnonaraTb paBHOMepHO no nJIOTHO­

CTH, coxpaHSI_SI" cpe)J,HfOfO ITJIOTHOCTb no J)Sl)J.aM H CJIOSIM. Cpe)J,HSISI nJIOTHOCTb rpacpHTa no 2 252 

6JIOKaM pasHa 1,7146 ± 0 ,0005 r/cM
3 (lcr). Y4HTbIBrul peanbHb(H pa.36poc IlJIOTHOCTH 6JIOKOB s 

pa.3HbIX o6nacrnx KJia,ZlKH, oco6eHHO B nepHcpepHHHOM JJSl)l.Y BO, B Ka4eCTBe norpeWHOCTH cpe,n­

HeH IlJIOTHOCTH rpaq>HTa MO)KHO npHHSITb BblUienpI1BeJJ,eHHYfO BeJIH4HH)' cpe.u.tteH KBa,npaTHY:e­

CKOH norpewHOCTH 1,715 ± 0,004 r / cM
3
. EcJIH npHHSITb BO BHHMaHHe 3a.30pbl Me)KJl.y 6noKaMH, B0-

Kpyr BTYJIOK H TeXHOJIOrH4eCKOro KaHana, TO 3cpq>eKTHBHaSI nJIOTHOCTb cnJIOWHOH rpaq>HTOBOH 

KJla,ZlKH paBHa 1,687 ± 0 ,005 r/cM
3 (1 cr). TI pH 3TOM BttyTpeHHHH ,ZlHaMeTJ) rpacjrnTOBOH arymrn npH­

HSIT paBHblM BHewHeMY cpe,nHeMy no )J,OnycKaM .LUISI ,ZlHaMeTpa 87,6 MM TeXHOJIOrH4eCKOro KaHa­

na. 
,lvi.s1 60JibUIHHCTBa rpaq>HTOBblX 6JIOKOB MOJJ,epHH3HpOBaHHOH KJla,ZlKH HMefOTCSI nacnopTHble 

3Haliemt.SI HX IlJIOTHOCTH. Cpe,ZlHSISI nJIOTHOCTb rpacpHTa no BblCOTe Ka)KJl.OH KOJIOHHbl 6JIOKOB, no­

Jiy4eHHaSI npH ycpe,nHeHHH HMefOll.{HXCSI nacnopTHblX ,naHHblX, H3MeHSIJiaCb B ,ZlHanaJOHe 

1 68 ... 1,76 r / cM
3
. CTpH 3TOM noJIHblH ,ZlHanaJOH H3MeHeHHSI nJIOTHOCTH rpa<pHTOBblX 6JIOKOB KJiaJJ.-

KH no nacnopTHbIM ,naHHblM COCTaBJI.il.JI 'Y~n ) = 1,63 .. . 1, 81 r / cM
3
. B HTore cpe)J.HSIJI nJIOTHOCTb scex 

6JIOKOB MO,ZlepHH3HJJOBaHHOH KJiaJJ.KH no nacnopTHblM .n.attHblM paBHJIJiaCb r~:> = I , 725 r / cM
3
. 
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3HaYeHIUI nJIOTHOCTH 6J10KOB 8 nacnopTU np1rne.n.ettbl C TOYHOCTblO .no BTOporo .LJ.CCSITH1-fHOfO 

3HaKa nocne JamlTOH, H :no o6CTOSITCJibCTBO BHOCHT .nonOJIHHTeJibH)'lO norpernHOCTb rrpH Bbl11HC­

JieHHH cpe,nHeH nJIOTHOCTH. )1/Isi KOHTpOJUl nacnopTHhlX .n:aHHblX, a TaIOKe no.rryt.J.eHHhIX 01..\CHOK 

npose.n:eHO B38CllJHBaHHe CTa BOCbMHrpaHHblX 6JIOKOB H onpe,neneHbl COOTBeTCTBYIOIUHe napa-

MeTpbJ :HOH Bbt6opKH, )J.JlSI KOTOpOH }lHanaJOH H3MeHeHHJI nJIOTHOCTH 6JIOKOB COCTaBmlJl y i = 

1,680 . .. 1,801 r / cM
3

: y~~00
> ±cr~too) = 1,733 ± 0,003 r/cM

3 (lcr). 

KaK cne.n:yeT H3 BblllJenpHse.n:eHHblX .n:aHHblX, cpe,Ll,H.SISI nJIOTHOCTb 'Y~~OO) no BbI6opKe He3Ha­

YHTeJibHO OTJIH4aeTCSI OT cpe.n.HeH nnoTHOCTH r~:), nOJI)"{eHHOH no nacnopTHblM .n:aHHblM .llJljJ MO­

.nepHH3HposaHHOH KJla,llKH, - Ha 0,5 %. IIo:nOMY 3a cpe.D.HIOIO nJIOTHOCTb rpaqrnTa .ZJ)Ul MO,L1,epHH-

3HposaHHOH KJla,llKH npHHSITa BeJ1H11HHa no nacnopTHblM .n:aHHbIM C Ol\eHKOH ee cpe.n:HeKsa.n.pan1-

4CCKOH norpernHOCTH: 1,725 ± 0,009 r/cM
3 (lcr). )1/ISI cpe,nHeH nJIOTHOCTH KJla,llKH BHe sepTHKaJlb­

HblX rrycTOT, T .e. KaHaJlOB 0 89 MM H noJIOCTeH cet.J.elffleM 103x103 MM, nonygeHa BeJlf,{t{HHa 'Ye= 

I, 701 ± 0,009 r/cM
3 

( 1 cr). IlpH OUCH Ke )'KaJaHHOH norpeWHOCTH yqHTbIBaJ1.HCb norpellIHOCTH 061,­

eMa 6JIOKa, nJIOTHOCTH 3a C4eT B3BeUIHBaHH.Sl 6nOKOB, 0JIOTHOCTH BTYJIOK, a TalOKe BKJla,ll Heonpe­

.neneHHOCTH 3a30pOB Me)l(,I:()' 6noKaMH H Me)K)].y BTYJIKaMH H 6JIOKaMH. 

Ilpuno*eeue D. Memoou«a ol{eHKU 11eonpeoeJ1ennocmu pe:JynbmamoB U3Atepenuu 
IlpH onpe.n:eneHHH .n.osepHTeJibHblX norpeWHOCTeH (Heonpe.n.eneHHOCTeH) HC0OJlb30BaJ1CSI Me­

TOJl KBaHTKJl bHbIX OUCHOK [ 18, 19]. Ilo onpe.uenettmo seJIH4HHa KBaHTKJlJI Xp .llJljJ 3a,llaHHoro 

ypOBHSI sepOSITHOCTH p HUO.llHTCSI H3 perneHHSI HHTerpam,Horo COOTHOWeHIDI. (npH O ~ p ~ l) 
X 

F(X P) = f f(x)dx = P, r,ne F(Xp) - cpyttKl\M pacnpe.n.eneHHJI sepOSITHOCTeH CJl)"{fillHOH senwrn-

Hbl X; fi.x)- nnoTHOCTb pacnpe11eneHH• •epoRTHocreii ( lf (x)d,: ~I). 
HttTepsan 3Ha4eHH.H cnyyai-fHOH senH4HHbl X Me.>K.LJ.Y .llBYMSI KBaHTH.J1S1MH HaJbIBaeTCSI HHTep­

KBaHTHJibHblM npoMe)KyrKOM dpc (.n.osepHTCJibHblH HHTepsan H.JIH HHTepsan Heonpe.n.eneHHOCTH) C 

.n:osepHTeJibHOH sepOSITHOCTblO Pc. Ha OCHOBaHHH TaKOro 00.l{XO}la BBO.llHTCSI 0OHSITHe KBaHTKJlb­

HblX oueHOK Heonpe.n:eneHHOCTeH Lipe (pacurnpeHHaSI Heonpe.n:eneHHOCTb ), KOTOpbie xapaKTepH-

3YIOT rpaHHUbt .n:osepHTeJlbttoro HHTepsana dpc, T.e. ±Lipe= ± dpc /2 . 

B o6meM cny~ae senHt.J.HHa pacwHpeHHOH tteonpe.n:eneHHOCTH ~Pc onpe.neJIS1eTCJ1 KaK npoHJ­

se.n.ettHe cyMMapttoro CTatt.n.apTHOro OTKJIOHeHH.SI crx Ha K03<p<pHUHeHT OXBaTa Kpc: ± ~pc= Kpccrx, 

r.ne Kpc - K03<p<pHUHeHT oxsarn, BeJIH4HHa KOTOporo 33BHCHT OT 3aKOHa pacnpe.n.eneHHSI sepOSIT­

HOCTeH H BeJIH4HHbl .nosepHTeJibHOH sepOSITHOCTH Pc. )1/ISI oueHKH pacwHpeHHOH Heonpe.n.eneH­

HOCTH PaJYMHblM np1-16m1)KeHHeM CJIY)KHT npHMeHeHHe K03cpcp1-1u11eHTa oxsara .llJISI HOpMaJlbHOro 

3aKoHa pacnpe.neneHmt. B 3TOM cny4ae npH .nosepHTeJibHOH sepOSITHOCTH Pc= 0,95 K03cpcp111..1,11eHT 

oxsarn Kpc paseH 1,96. 

Onpe.nenett1-1e OTHOCHTeJJbHbIX .n.11cnepc1-1i:t S-(L1 ) 11 S(L11), KOTopb1e 3as11CS1T OT CJl)"{aHHbIX 

3cpcpeKTOB, H OTHOCHTeJlbHbIX JlHCnepcHH 8\L.1) H 82(L11) o6ycJIOBJieHHblX nOCTOSIHHblMH cpaKTO­

paMH, npOBO.D.HJIOCb C 11C0OJib30BaHHeM COOTHOWeHHH 

S2 (L ) _ I 'Yi1 [ 4 ( 2 8 2 \2 2 B4 (B2 2 \2 2 ] i--( 'J( r'Y1Yn+ 1 /E 2 + 1 11+Y1/E 2 , 4 2 + B 2 2 2 _ B2B2 Y 1 Yu 
Y11 1 :Y11Y1 II 1 
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p 

4 
2 1 Y1- [ 4/ 2 2\2 2 4/ 2 2\2 2 ] 

S (Lu)=-( J( f Bu\Yu +B1- J e 2 +Yrr\Y1- +Bn/ e 2 , 
4 Y2 +B2 Y2 Y2 -B2B2 Y1. Yu 1- II Ul 11 1-

2 B~ [ 4 / 2 2 \2 2 4 / 2 2 \2 2 ] 
0 (L11 )=0,3( J( ) Y1- \Yn +B1- J 08 2 +B1- \Y1- +Bu/ 0 82 • 2 B2 2 2 B2B2 11 1. Y1- + u Y11Y1- - n 1 

,!vrn sepxHeH ou,eHKH cyMMapm,rx CTaH.D,apTHb[X OTKJ10HeHHH cr(L1_) H cr(L11), K0T0pbre xapaK­

TepH3)10T Heonpe.neneHH0CTb seJIHtiHH )lnHH .D,HCpcpy3HH )lJUI norrepet{HQH H rrp0)lOJibHOH .D.Hcpcpy-

3Hl{ HeH'fJ)0H0B, npHMeH.SlnHCb cne.nyiomHe C00TH0llleHH.sl, K0T0pble n0Jlyt-leHbI npH K03<p<pHU,HeH­

Te K0ppemi:uHll, paBH0M e.nHHHUe: cr(L1-) = S(L1-) + 8(L1-), cr(Ln) = S(Lrr) + 0(Lu). 
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Y)U( 621.039.534.37 
CTaTHCTHqecicasr o6pa6oTKa xapaKTepHCTHK mapOBblX TCilJIOBbmeJISIIOI..I.UfX, 

rpa<l>HTOBbJX u norJJo~aio~ux JJieMeHTOB BTrP JJ:JJH cTeHJJ:a ACTPA 

H.H. lloHOAtapeB-Cmemwu, E.C. I'ny,uKoB, B.ll. I'apuH, B.H. I'pe6emmK, 
A.E. I'n,y,u«oB, A.A. 3w1uu, I'.B. Ko.Mna11ue1(, H.E. Kyxap1<.u11, B.H. HocoB, 

c.r. Heoope3o6, /(.H. llonRKOB, P.ll. llempy,ueuKo, O.H. CttupHoB, 
E.H. C/yHReB, B.<I>. EoRpunoB, B.A. HeBuuuu,a, ll.A. <l>o.Mu11e111<.o, 

<l>rY P~ "Kyp4aTOBCKHH HRCT11iyr", 123182 MocK.Ba, nn. KypYaTosa 

C ITOMOIIl,bJO rrpoueJJ.yp MaTeMaT!fljeCKOH CTaTHCTl,fl(H nposenetta o6pa6oTKa HMe10mei1c11 HHcpOpMaU11H 
no xapaKTepHCTHKaM HJrOTOBneHHblX rnapOBblX JneMeHTOB, npHMeH11eMbIX rrpH rrpose}leHHH HeHTpOHHO­
cpH31{l{eCKHX 3KcrrepHMeHTOB Ha KpHTH4eCKOM cTeHJJ.e ACTPA. PaJpa6oTaH arrropHTM 11 cocTasnetta npo­
rpaMMa CTaTHCTH'JeCKOH o6pa60TKJ1 II.aHHblX ITO wapOBblM TBJnaM BTrP, wapOBblM rpacpHTOBblM (r3) H 
nornOUlalOIUHM (IT3) 3neMeHTaM. ITposeneH CTaTHCTwteCKHH aHaJUl3 H CJJ.enaHO o6o6w,eHHe nony<JeHHblX 
peJynhTaTOB o6pa60TKH. 

Statistical processing of characteristics of HTGR spherical fuel, graphite and absorption elements 
at the ASTRA facility. N.N. Ponomarev-Stepnoi, E.S. Glushkov, V.P. Garin, V.N. Grebennik, A.E. 
Glushkov, A.A. Zimin, G.V. Kompaniets, N.E. Kukharkin, V.I. Nosov, S.G. Nedorezov, D.N. Polyakov, 
R.P. Petrushenko, O.N. Smirnov, E.I. Chunyaev, V.F. Boyarinov, V.A. Nevinitsa, P.A. Fomichenko. 
Available data on characteristics of the produced spherical fuel elements used in neutronics experiments at 
the ASTRA critical facility were processed by means of mathematical statistics procedures. An algorithm and 
a code for statistical processing of data on HTGR spherical fuel elements, spherical graphite elements and 
absorber elements were developed. The statistical analysis was performed, and the processing results were 
generalized. 

B PHU, "KM" HaXO.LJ.HTC}l .LJ.eiicrny1-0m11i1 cTeH.LJ. ACTPA [1 .. .4], Ha KpHTH4eCKHX c6opKax KO­

Toporo MO.ll,CJIHPYI-OTC}l oco6eHHOCTH cp11311KJ,f pa.3pa6aTbIBaeMblX BbICOKOTeMrreparypHb[X ra.3oox­

nIDK,1laeMb[X peaKTOpOB (BTr P) H npoBO.ll}lTC}l Heo6xo.ll,11Mble HeHTpOHHO-cp113ffl{eCKHe 11ccne.u0Ba­

Hl1}1 C uenbl-0 sepHcpHKaU,HH pac4eTHblX nporpaMM, HCnOnb3yeMbIX .lJ.]1}1 060CHOBaHH}1 OCHOBHblX 

napaMeTpOB 11 o6ecne4eHH}1 6e3onaCHOCTH npoeKTHpyeMbIX ycTaHOBOK BTrP [5, 6]. 
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r 
B nocne.uHee BpeMH Ha 3TOM CTeH.ue npOBOD,11JlHCb 3KCnep11MeHTbl Ha Kp11Tl14eCKHX c6opKax, 

r,,10.nenwpylOl.llHX <pH3114eCKHe oco6eHHOCTH BblCOKOTeMneparypHblX peaKTOpOB C KOJlbUeBOH aK­

ntBHOH 30HOH (T11na IT-MrP [6] H PBMR [7]). 8b1coK0TeMneparypHb1e rpacp11TOBb1e peaKTopb1 
3TOfO nma OTHOCHTCH K 4CTBepTOMY noKonem-tlO H HBJlHIOTCH OD.HHM H3 y.uaYHblX perneHHH D.JlSI 

pacwHpeHHH npHMeHemrn H)lepHOH JHepri-111 npH npOH380,!J,CT~e KaK JJleKTPOJHeprnH TaK H BbJCO­

J{OTeMneparypHoro Tenna )lJlst pa3HbIX TexHonorn4ecK11x uene11, BKJ1t04rui nonyYeHHe BO.ll.Opo.ua. 
flpH 113y4emrn pa3pa6aTbrnaeMb1>. c11cTeM Ba)Kttoe 3HaL1ett11e HMeeT onpe.neneH11e c Heo6xo­

.nwMOH TO'-IHOCTblO xapaKTepHCTHK OCHOBHblX KOMnoHeHTOB Kp11Tl14eCKl1X c6opoK 11 l1X TeXHOJl0-
fH4eCKHX Heonpe.ueneHHOCTeH. K 4HCJlY OCHOBHblX KOMnOlleHTOB Kp11n1qecK11X c6opoK CTett.ua 
ACTPA OTHOCHTCR wapOBble rpacpHTOBble TBJJlbl, B COCTaB KOTOpbl>.. BX0)].11T 60JlbWOe KOJTl1LJeCTBO 

(\U,!KpOTOnJlHBHblX 4aCTH.U. C MHOrOCJlOHHblM noKpblTHeM, wapOBbJe f3 11 f13. B pa6oTax (8, 9] Ha 
octtoBe nacnopTHhlX .aaHHblX npe)lnpHHTl1H-113rQTOBl1TeJieH C noMOl.llblO npoue.uyp MaTeMaTH'-le­

CKOH CT8THCTHKH npoattaJ111311pOBaHbl 11 o6o6meHbl xapaKTep11CTHKH MHKporonmrna C MHOro­

CJJOHHblM noKpblTHeM, BXO,ll.Rl.llero B COCTaB wapOBblX TB3Jl0B BTfP KpHTH'-leCKOfO CTeH)la ACT­
PA. B pe3yJJbTaTe npose.ueHHOro attaJlH3a HaH)leHb) cpe)lHHe 3Ha'-leHHH napaMeTJ)OB MHKpOTOnJJH­

Ba 1-1 c.nenaHa oueHKa 11x tteonpe.aenettHOCTei1. 
l1Mel01.llru!CH 1-rncpopMaUHH no xapaKTepHCTl1K8M BblWenepe•-rncneHHblX KOMITOHeHTOB KpHTl1-

4eCKHX c6opoK 11 pe3yJlbTaTbl npoBe)leHHblX Bbl6opoc:ittblX 113MepeHHH: o6pa60TaHbl, a 3aTeM npo­
aHaJ111311pOBaHbl C nOMOUlblO npoueJJ.yp MaTeMaTH'-leCKOH CTaTliCTHKH [ 10, 11]. B npouecce aHa­
mna HHcpOpMaUHH CTJ)OHJlHCb CTaTHCTH4eCKHe KOHTJ)OJlbHble KapTbl Ka'-leCTBa. 8 )laHHOH CTaTbe 

npHBeJ],eHbl OCHOBHble pe3yJJbTaTbl nposeJ].eHHOro HCCJle)loBaHHH. 

1. CTaTHCTH'leCK3H o6pa6oTK3 nmJ>OpM31.(Ulf DO mapOBhlM TB3Jl3M 

1.1. 06Z4aJl xapaKmepucmUl{G wap06blX 11163.706. Kpl1TH4eCKru! c6opKa C KOJlbUeBOH aKTHBHOH 

30HOH Ha cTeHJ].e ACTPA npeJJ.CTaBJl.ReT co6oi1 npHMOH rpacp11TOBbIH Kpyrosoii u11mrnJJ.p, s cpe)l­
HeH YaCTH KOTOporo HMeeTCH nOJJOCTb, 3arIOJlHHeMrui wapOBblMH 3JJeMeHTaMl1 (p11c. I npe,llbl.llY­
UJ.eH CTaTbH). lliapOBOH TB3Jl HMeeT Hapy)KHblH J],HaMeTp 60'0·

3 MM 11 COCTOHT 113 waposoro TOn­

JlHBHOrO cep.aeYHHKa (TC) ,llHaMeTJ)OM 5o±o., M~I 11 rpacpHTOBOH o60JJOlJKl1 B cpopMe ccpep11qecKoro 

CJIOH TOJllllHHOH 01<0110 S MM, no1<ph1Ba1omero TC cttapy)KH (p11c. 1 ). TC npeJJ.CTaBJlHeT co6oi1 rpa­
cp1-rrosyt0 MaTPHllY, B KOTOpOH paBHOMepHO cnyi-rnHHblM o6pa30M pacnpeJ].eJieHbl TOnJlHBHble yac­
THl..\bl C MHOfOCJlOHHblM noKpblTHeM, l1Met0m11e ccpepHL(eCKYIO cpopMy. 

flapaMeTPbl MHKpOTOITJlHBa pa3HblX nocTaBOK 11e HMelOT CTaTl-tCTH­
'-leCKH 3Ha4HMblX pa31111'-111H, nOJTOMY peKOMeH.ayeTCH 11Cfl0Jlb30B8Tb cne­
D.YIOl.lll1e napaMeTpbl MHKpOTOllilHBa C Heonpe.uene11HOCTblO ± J cr. 

M11KpOTOnnHso: .a11aMeTp d\1T = 1 059 ± 12 MKM, .n,on.R ypatta 33, 73 ± 
0,47 (% no Macce); KepH 113 U02 - .n,11aMe-rp du01 = 511 ± 5 MKM, nnoT-

HOCTb c y'-leTOM npHMecew Yuo
1 

= I 0,27 ± 0, IO r/cM3 (6e1 np11Mecei1 

10,25066 r/cM3); 06oramett11e 235U - Gs= 20,91 ± 0,03 (% no Macce). 
TToKpblTHe MHKpOTOnJ111Ba: 

c11oi1 I (6ycpepHbtH) 113 nHpoyrnepo..la (PyC) - TOJllllHHa /1= 94 ± 7 MKM, 

nnoTHOCTb c yYeTOM np11Mecei1 y1 = 1,0 I ± 0,0 I r/cM3 (6e3 np11Mecei1 
l ,0081 r/cM3

); 

CJJOH 2 (nJlOTHblH) H3 PyC - TOJllllHHa /2 = 72 ± 4 MKM, ITJlOTIIOCTb C yi-1e­

TOM npHMecei1 y2 = l ,95 ± 0,03 r/cr•i (6e3 npHMecei1 1,94633 r/cM\ 

CJlOH 3 H3 Kap6H.aa KpeMHl1H - TOJllllHHa /3 = 51 ± I MKM, nnoTHOCTb C 

}'11eTOM npHMecei1 y3 = 3,26 ± 0,03 r/ct-i (6e3 np11Mecei1 3,25386 r/cM\ 

BHeWHHH CJlOH 4 (nnOTHhlH) 113 PyC - TOJllllHHa /4 = 57 ± I MKM, flJlOT­

HOCTb C y4eTOM np11MeCeH Y4 = 1,89 ± 0,03 r/cM
3 

(6e3 npHMeceH 
l,88644 r/cM3). 

• ••• 
• • • 
• • • 
•••••• ..... 
• • 

0 50±0,S 

0 60~·3 

2 3 

PHc. I . CxeMa nonepeY-
Horo cetfeHlrn rnaposoro 
TBJna BTrP c M11Kpo­
Tonn11soM: l - rpacjrn­
Toaasi o6onoqKa; 2 - TC. 
3 - qacntUbl MHKpOTOn­
mrna (paJMepb1 .nam,1 a 

MM) 
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CoJJ.ep)KaHHe npHMeCeH s MHKpOTOnmrne {KepH + 4 CJIO.H noKpblTJ.Ul:), % no Macce: 

Fe - 0, 144; Cr - 0,0 l 5; Ni - 0,008; B - 3,2· 10-5
; Li - 3,0· 10-5; V - 0,003 ; W - 0,003; Co - 0,001; 

Cd - 3,0· l 0-5
; Hf- 0,003; Zr - 0,0 I· Mn - 0,0012. 

H30TOITHblH COCTilB ypaHa B MHKpOTOnJJHBe nony4eH Ha OCHOBaHIDf CTaTHCTH4eCKOH o6pa-
6oTKH nacnopTHblX )],aHHhlX H pe3yJJbTaTOB Macc-cneKTp0MeTpH4eCKHX HCnbITaHHH o6pa31..(0B 

MHKpOTOITJIHBa, o/o no Macce ±lcr: 234U - 0,197 ± 0,003; 235U - 20,91±003; 2360 - 0,162 ± 0,003; 
238U - 78,731. 

,Lvu1 nposeJJ.eHHR HeHTPOHHO-cpH3H4ecKMX 3KcnepHMeHTOB MH CTeHJJ.a ACTPA nonY4eHhI 173 
naPTHH wapOBhlX TB3Jl0B B nOCTaBKe l H 70 napTHH B nocrasKe 2. Ka)K)].aH H3fOTOBJieHHaH napTHH 
TB3Jl0B HMeeT pentCTPal..(HOHHhJH nacnopT, B KOTOpOM npHBOJJ.HTCH CJJeJJ.)'IOmHe OCHOBHble )],aH­
Hbie: 3aBOJJ.CKOH HOMep napTHH C )],aTOH BbITIYCKa; 4HCJIO n, wapOBblX TB3JI0B B H3fOTOBJJeHHOH 

. (60-0 3 ) ~ napTHH 1; JJ.HaMeTp wapOBbIX TB3Jl0B ' MM ; Macca HeTTO scex wapOBblX TB3JIOB B 3TOM nap-
THH (M,); Macca ypatta o6mero (Pu ); cchmKa Ha nacnopT napnrn MHKpOTOITJIHBa, np11MeHHswei:i-

' 
CR npH H3roTosneHMH JJ.aHHOH napTHH TB3JJos; o6oramettHe G5, no 235U (% no Macce); Macca 235U 

B napTHH (W5 , r); 3arpy3Ka 2350 B TB3Jle napTHH i (rfTB3JI); COJJ.ep)KaHHe 238U H 235U B rpa<pHTOBOH 
I 

MaTPHUe ( CO0TBeTCTBeHHO < 0,5 · l 04 H l · 10-6 % no Macce ); F, - Q)H3H-YeCKHH K03Q)Q)H1..1,1-feHT wa­
pOBblX TB3JIOB (B nacnopTe - K03Q)q>Hl..(HeHT onaCHOCTH), KOTOpblH HHTerpanbH0 xapaKTepH3YeT 
nornomettHe HeHTpOHOB BCeMH perncTpHpyeMbIMH 3JleMeHTaMH npHMeCeH B TB3Jle (KpoMe 235U H 
238U). IlacnopTHble )],aHHbte scex napTHH wap0BbfX TB3JJOB CTaTHCTJ1-yeCKH o6pa6oTaHbl Ha nepBOM 
3Tane paC4eTa no fOJJ.aM H3fOTOBJJeHIDI napTHH, a 3aTeM nony4eHHhle pe3yJJbTaTbl o6o6ll{eHbl no 
Ka)K)],OH noCTaBKe. PeJyJibTaTbl o6pa60TKH npHBOJJ.JITC.H I-fIDKe. 

1.2. OZfeHKa cpeouux napa.Mempoe tuapoebLX me3noe. B Ta611. 1 np1rneJJ.eHbI peJyJJhTaTbI crn­
THCTH4eCKOH o6pa6oTKH nacnopTHblX JJ.attHhIX 17-TH napTMH wapOBbIX TB3J10B nOCTaBKH 1, Bbl­

T a 6 JJ H u a J. PeJyJibTilTbI CTilTMCTJ.fI!eCKOH o6pa6oTKH nacnopTHbIX naHHbIX 
napnrn TB3nos nocTasKII 1 (1983 r .) 

l!HCJIO Macca Macca U O6oramettHe Macca <l>HJH'leCKHM 

ITapnu1 i TB3JIOB TB3Jia B TB3Jie 235U G 
235U B TB3Jie K03q>q>HUHeHT 

- - 51, - -
n, mi , r Pu,, r % no Macce w5,, f F , 

I 300 212,9 I 2,439 20,91 0,5 10 1,86 
2 210 213,90 2,439 20,91 0,5 10 1,85 
3 140 213,89 2,440 20,91 0,510 1,75 
4 17 214,94 2,439 20,91 0,510 1,86 
5 27 210,37 2,439 20,91 0,5 10 1,85 
6 120 213,43 2,440 20,91 0,5 10 1,25 
7 211 214,10 2,440 20,91 0,510 l,83 
8 15 209,33 2,440 20,91 0,5 10 1,83 
9 180 214,53 2,440 20,91 0,510 1,20 
10 49 214,04 2,440 20,91 0,5 10 1,83 
11 286 213,69 2,438 20,91 0,510 1,82 
12 261 211,74 2,438 20,91 0,5 10 1,75 
13 10 208,80 2,439 20,91 0,510 1,86 
14 13 209,46 2,438 20,91 0,510 1,82 
15 109 210,73 2,438 20,91 0,5 10 1,74 
16 11 1 211,00 2,438 20,91 0,510 1,74 
17 143 213,84 2,439 20,91 0,510 1,93 

ITo BCeM 
2 202 213, 11 2,439 20,91 0,510 1,74 

napnrHM 
CTaH-

- 0,31 0,001 0,00 0,000 0,06 napTcr:x 
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nyuieHHblX B Tet.1em1e 1983 r. Ou.eHIUf napaMeTp0B TB3J10B, npI,rne.neHHblX B Ta6n. l, no.nyt.1eHbl 

cne,LzyJOU(HM o6pa.3oM: m, = M, In, - cpe.nH.suI Macca 0)J.Horo TBJJia B napnn1 i; Pu, = Pu, In, -

cpe,llH.SUI Macca ypaHa o6w.ero B 0,UH0M TB3Jie; W5, = W5, In, - cpe)J.HIDI Macca 
235U B 0,UH0M TBJJie; 

K==l7 
N := ~ n. - Il0JIH0e tfHCJI0 TB3JI0B, H3r0T0BJieHHbIX B TetteHHe 0.UH0ro ro)J.aj. 

J i==l l 
I\ I\ I\ ~ ~ 

)lJI.sr ou.eHKH cpe.nHHX 3Hat.1eHHH iii , Pu , w5 , G5 , F no sceM napnraM TB3JI0B, H3r0T0BJieH-

H&JX B TelfeHHe 0.UH0ro ro)J.a, HCI10Jlb30BaJI0Cb cne.n}'JOmee C00TH0meHHe C yqeroM CTaTHCTWie-

" cKoro sKJia.na KIDK.llOH rrapTHH: x = a.1:x; + ... + a,x, + ... + akxk, r)J.e x, - ycpe.na.sreMbIH napaMerp 

TB3Jia; a; - COOTBeTCTB}'JOW.HH CTaTHCTHt.feCKHH MH0)KHTeJib, onpe)J.eJI.slfOW,HH BKJia,n .naHHbIX nap­

- ; • ro11osoii s&mycK TB:>nos; a, = n/ % n, npH ycpe11HeHHH napaMerpos m1 , Pu, , w,, ; 

a, = Pu/% Pu, npH ycpe11HeHJrn senH•HH&I o6onuueHHR Gs, ; a, = Ml% M, npH ycpe11He­

HJUI q>HJHlleCKOr0 K03q>q>HU.HeHTa F, ; a! = t (x, - iy /c K ( K - 1) )- ou.eHKa J];HCrrepcHH cpe.nHe­

apBq>MeTHlleCKOr0 3Hat.1eHH.s1 attaJIH3HpyeMoro rrapaMeTPa X; (s Ta6n. 1 .nam1 cTaH,napn1 ax JJ.JI.sl 

C00TBeTCTB}'JOll{HX napaMeTp0B ). 

AHaJI0fHlfHblM o6pa30M np0H3Be,UeHa CTaTHCTHt.feCKa.sl o6pa6oTKa nacrr0PTHbIX .naHHbIX nap­

THH )J.JI,11 KIDK,ll0ro ro,na BbIITYCKa Il0CTaB0K 1 H 2. B Ta6n. 2 rrpHBe)J.eHb[ HT0fOBble peJyJibTaTbl 
" cTaTHCTWfeCKOH o6pa6oTKH rrapaMe1l)0B TB3JI0B ( X) Ha 0CH0Be rracnopTHbIX .UaHHbIX 110 ro.naM 

BbIIIYCKa napTHH map0Bb[X TB3JI0B B noCTaBKax 1 H 2. 

Ta 6 JI H u a 2. l1T0r0Bbie pe3ym,TaTbJ CTaTHCTH'leCK0li o6pa6oTJrn nacrropnlhIX JlaHHbIX 
wap0BbIX TB3JI0B nocTaB0K 1 2 H 

fOJl} Macca U O6orarueHHe Macca lJ.)U <l>HJW!eCKHli 
trncno ~ Macca TB3- " 

BbmyCKa ~ 
B TBJJie 235U- G B rn:me K03cpq>HUHeHT 
~ SJ' ~ " TB3JI0B na m1 , r 
Pu1 • r w51 , r ~ % no Macce 

TioCTaBKa 1 
1 - 1983 r. 2 202 213,11 2,439 20,91 0,510 1,74 

2 - 1984 r. 7 748 214,14 2,442 20,93 0,511 2,08 

3 - 1985 r. 10 000 215,83 2,430 20,97 0,510 2,85 

4 - 1986 r . 9 017 216,45 2,433 20,96 0,510 2,17 

5 - 1987 r. 5 000 216,84 2,437 20,93 0,510 2,27 
nocTaBKa 2 

1 - 1984 r. 1 500 212,67 2,483 20,54 0,5 IO 1,27 

2- 1985 r. 2 347 213, 19 2,462 20,82 0,513 1,40 

3 - 1986 r. 2 376 211, IO 2,453 20,79 0,510 1,67 

4 - 1987 r. 3 028 209,80 2,438 20,98 0,511 1,36 

1.3. O6o6u,eHHble pe3yflbmambl cmamucmu11eCKOU o6pa6omKU nacnopmHblX 0QHHblX. TTpH HX 

01.leHKe 3a Beeb nepH0JJ. H3fOT0BJieHH.sl Il0CTaB0K 1 H 2 rrpHMeH.!IJI0Cb C00TH0WeHHe 

" " " xuv = ~Ix; + ... + ~ JXJ + ... + ~,x,' r.ne f3, - COOTBeTCTBYIOLUHH CTaTHCTHt.feCKHH MH0)KHTeJib, xapaKTe-

" PH3YIOW.HH BKJlaJ]; rrapTHH TB3JI0B .naHH0r0 ro.n.a j H3fOT0BJieHH.sl B n0CTaBKH 1 HJIH 2; xj - 3Ha-

\feHHe aHaJIH3HpyeMoro napaMerpa, nony4eHH0ro npH ycpe.nHeHHH nacnopTHhIX JWHHblX TB3JI0B 
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3a o,zurn ronj H3roToanemur (Ta6n. 2); t = 5 neT B cny'-lae nocTaBKH l Ht = 4 ro)],a JJ.JUI nocTaBKH 2, 
_n;rn: IlOCTaBOK 1 11 2 npH OUeHKe 11TOfOBblX napaMeTpOB fnav, Puav , W 50 ., CTaTHCTil'-leCKl-iH BeCOBO~ 

MHOJKHTeJJO f31 onpe11en•nc. KaK OTHorneHHe N1 / t, N1 , a npH oQeHKe napaMe-rpos G5., H F. 

KaK OTHorneaae Pu,/ t, Pu, H M1 / t, M1 coorneTcrneuuo. 

f1pH paC"leTe )],HCnepCHH S;v HCTIOJlb30BaJTOCb CJieJJ.YK)lllee COOTHOWeHHe ( C Y4eTOM 4.11CJ1a 

CTeneHeH CB060JJ.bl }'1- 1): s;v = t(NJ -1) st /tcNJ -1) , r)],e S{ - COOTBeTCTBYJ()ll.lHe )],HC-

1=1 1=1 
" I\ I\ ~ ~ 

nepc1rn napaMeTpoa iiij , Pu
1 

, w51 , G5 j H ~. B Ta6n. 3 npHBOJJ.51TC51 o6o6w.eHHbie pe3ynhTaTb1 

CTaTHCTfflleCKOH o6pa60TKH nacnopTHbCX )],aHHblX rnapOBblX TB3J10B nocTaBOK 1 H 2 3a Beeb nepH-

0)], HX MJrOTOBJieHIDl. 

Ta 6 J1 Hu a 3. O606meHHb1e pe3yJibTaTbl CTaTHCTF!'!eCKOH o6pa60TKM nacnopTHblX ,ll.aHHhlX 
aapnrn: rnapOBblX TB3JJ0B 3a eecb rrepHOJl 113fOTOBJieHIDl ITOCTaB0K l 2 H 

KOJTH'leCTBO N 
CpenHHe JHa~eHH,R napaMeTpOB 

O6orame1-01e Macca lJJU <l> ITT m ec KHJ1 
TB)JTOB B no- Macca rn:ma Macca U e 235U G K03!pQH{UH· cTaBKax l 11 2 - Sov, B TB3JJe 

mav, r TB)JJe PUav , r 
% no Macce Wsm,, r eHT Fav 

TT0CTaBKa 1 (1983 - 1987 rr.) 
33 967 215,58 2,435 20,95 0,510 2,34 

CTaH,llapT Savi 0,20 0,002 0,01 0,001 0,08 
TTocTaeKa 2 (1984 - 1987 rr.) 

9 251 211,43 2,455 20,82 0,511 1,44 
CTaH,D.apT Savi 0,38 0,004 0,02 0,001 0,05 

KaK cneeyeT H3 np11Be)],eHHblX 8 Ta6n. 3 )],aHHbfX, pa3JIH'-Ule Me)K)zy cpe,D.Hl1Ml1 3Ha4eHIDlMH 

MaCCbl 
235U (Wsav) B wapOBOM TB3Jie nepBOH H BTOpOH TIOCTaBOK CTantCTH'-IeCKH He3Hat.JHMO, TIO­

CKOJU,KY )],JIH pa3HOCTH I Dx I = I Wsav,1 - W sav,2 I = 0,00 I r BbinOJIHHeTCH cne.ll)'K)mee ttepaseHCTBO 

npH )],OBepHTeJibHOH sep051THOCTH Pc= 0,95 [10, 11]: j Dx j ~ 2.Js;vl (wsa,,) + s;2 (wsav ) = 0,003 r . 

B C8513H C 3THM Heo6XO)],HMO OTMeTHTb, lfTO OCHOBHM xapaKTepHCTHKa H3fOTOBJieHHbIX rnapOBbfX 

TB3JIOB no CO)],ep)f(aHHJO 
235U y)J.OBJieTBOp51eT Tpe6osaHH51M, npe)],b,S!BJijleMbIM npH npoBe)],eHl111 

HeHTpoHHo-cpH3HlfeCKHX 3KcnepHMeHToB Ha cTeH)],e ACTPA. 

1.4. Pe3yflbmambl cmamucmutJecKoii 06pa6om1<u noomeep:>1eoa10U/UX U3Mepe,mii. KottTponh­

Hhie H3MepeHH51 MaCCbl H )lHaMeTpa rnapOBblX TB3J10B npose)],eHbJ B p~ "K.H" MeTO)],OM Hepa3-

pymaIOw.ero KOHTJ)OJl51 )],Jl51 BbI6opKH o6'beMOM 20 TB3J10B 113 TIOCTaBKH 2. ,[(.n51 B3BeWHBaHIDl [lJa­

pOBbIX TB3JIOB npHMeHHJIHCb 3JieKTpOHHble BeCbl qmpMbl Merrnep - ToJie)],O (cepIDl PR2002), y 

KOTOpbIX seJIHlJHHa a6coJIJOTHOH norpemHOCTH H3MepeHIDl MaCCbl COCTaBAAeT ± 0 ,03 r. ,[(.n51 onpe­

)],eJieHH51 )],HaMeTpa wapOBbCX r3 HCTIOJib30BaJTC,SI MHKpOMeTp MK-75 C npe)],eJiaMl1 H3MepeHHH OT 

50 )],0 75 MM, y KOTOporo ueHa 0)],HOfO )],eJieHH51 H3MepeHH51 COCTaBJJ,SleT 0,01 MM H )],OnyCT HMa,R 

norpernHOCTb H3MepeHIDl ± 0,0004 CM [12]. ,nHaMeTp Ka)f()],oro waposoro TB3JJa 113Mep,S1JJC,S1 s Tp ex 

pa3HbIX )],HaMeTpaJTbHhlX HanpaBJieHHHX, a 3aTeM nony'-leHHble pe3yJ1bTaTbl ycpe)],IDIJJl1Cb (Bcero 60 
JaMepoa). 

ITpHMeHeH11e H3Mep11TeJibHblX ycTpOHCTB np11B0)],HT K Heo6xO)],JfMOCTH pacCMOTpeH"-51 )],Byx 

KaTeropHH tteonpe.n.eneHHOCTeW (nmoB A 11 B), o6ycnosneHHblX COOT BeTCTBeHHO CJJY'-!aHHblMl1 11 
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F 

cffCTeMaTJ,JqeCKHMH 3cpcpeKTaMH (] 0]. KoMnotteHThl HeonpeJJ.eJJeHHOCTH THna A xapaKTepH3}'lOTC.SI 

cTaHJJ.apTHblM OTKJIOHeHHeM SA H ouemrnaIOTC.SI nyreM CTaTHCTHtleCKOro aHaJJH3a pe3yJibTaTOB H3-

Mepemrn BXO)lHOli seJJH'-IHHbl. IlpH CTaTHCTH'IeCKOH o6pa60TKe pe3yJlbTaTOB H~epeHH.H nony4e-

f-11,l cne.ll}'lOr.u:He oueHKH )lJJJI cpeJ).Hero 3Ha4eHH.SI Hapy:>KHOro JJ.HaMeTpa TB3Jia dTB H 3KCnepHMeH-

TaJ1hHOf0 cTaHJJ.apTHoro OTKJIOHeHH.SI cpeJJ.Hero SA ( d TB ): d TB = 5,985 CM, sA ( dra ) = 0,002 CM. 

CHcTeMaTH~eCK<UI norpeWHOCTb 1.JaCTO paCCMaTpl1BaeTC.SI KaK CTaH)lapTHM HeonpeJ).eneH­

HOCTb nma B, KOToprui: xapaKTep1-13yeTC51 OITTHMaJJbHOH oueHKOH CTaHJJ.apTHOfO OTKJIOHeHIDI SB, 
ocHOBaHHOH Ha HMeJOmeHC.SI HHq>OpMa[(HH O sep051THOCTH pacnpeJ).eJleHH.SI H3Mep.SleMOH senwrn­

m,I. B cyMMapHOH )lHCnepcHH cr2 CTaH)],apTH<UI HeonpeJJ.eJieHHOCTb CHCTeMaTH:tieCKOH norpeurno­

cTH )'1:1.lITbrBaeTC.SI TaKHM )Ke o6pa30M, KaK JJ.pyrHe HeonpeJJ.eJleHHOCTH, T.e. cr2 = s~ + s; . TipH OT­

cyrcTBHH CBe)leHH!i O BepO.SITHOCTI-{ pacrrpeJJ.eJJeHIDI. o6bl4HO rronaraIOT, 'ITO cpyHKUH.SI pacnpeJJ.e­

neHIDI sepO.SITHOCTeH OTHOCHTC.SI K KJiaccy BbICOK03HTpOmlHHbfX CHMMeTp),{qHb(X pacrrpe)leJTemrn 

(OT paBHOMepttoro JJ.O HOpMaJJhHOrO). B paccMaTpHBaeMOM CJTY4ae B npeJJ.nOJIO)l(eH.HH paBHOMep­

HOfO pacnpeJJ.eJieHH.SI, HMeIOmero MHHHMaJJbHOe 3HalleHHe 3HTponmrnoro K03<pq>HUHeHTa B 3TOM 

J(Jlacce pacnpe)lenettHif (ke = 1, 73) [I 1], CTaHJJ.apTHrui: HeonpeJJ.eneHHOCTh pastta s8 ( dra) = 0,0004 I 

;-J'j ::.::: 0, 0002 CM. TaKHM o6pa30M, er= 0,002 CM H Hapy:>KHblH JJ.118MeTp ruaposoro TB3Jia paseH 

dTB = 5,985 ± 0,002(ler) cM. 

B pe3ym,TaTe B3BeWHBaHH.SI 20-TH TB3JIOB H3 IlOCTaBKH 2 ITOJTY4eHbJ CJJe.ll}'lOLIJ.He oueHKH JJ.JUI 

cpe.l(Hero 3Ha4eHH.SI MaCCbl mTB OJJ.HOro TB3Jia H 3KCnepHMeHTaJJbHOfO OTKJIOHeHH.SI SA ( mTB ): mTB = 
= 2 I 0,84 r, sA ( mra) = 0,68 r. Benworna CTaHJJ.apTHoro OTKJIOHeHH.SI, o6ycnosneHHrui: norpeWHo­

CTbIO H3MepeHH.SI Ha secax, COCTaBJI.SleT SB ( mTB ) = 0,03/'1°3 :::: 0,02 r. TaKHM o6pa30M, H3MepeHH<UI 

Macca maposoro TB3Jia pastta mra = 2 I 0,84 ± 0,68(1 er) r. 

J,fa cpasHeHH.SI pe3yJibTaTOB 83BeWHBaHH51 H CTaTHCTH'IeCKOH o6pa60TKH nacnOpTHhTX JJ.aHHblX 

cne.LzyeT, l{TO pa3HOCTh Me)l()],y cpeJJ.JIBMH 3Hal-feHH.SIMH MaCCbl 0)].HOro TB3Jia no nacnopTHbrM J).aH­

HblM ITOCTaBKH 2 H pe3yJihTaTaMH H3MepeHHH CT8THCTH4eCKH He3Hal.JHMa, ITOCKOJlbKY )lJJ51 pa3HO­

CTH I Dx I= I mav2 - mral = I 211,43 - 210,84 I= 0,59 r BbinOJIIDleTC.SI cneJJ.YlOr.u;ee uepaseHCTBO npH 

JJ.OBepHTeJJhHOH sepo.SITHOCTH Pc = 0,95 [ l 0]: 

I Dx I~ 2.J S~2 (mav2 )+ cr
2 

(mTB) = 2.Jo,38
2 + 0,68

2 = 1,56 r. 

1.5. O11e1101111ble napaMempbl wapoBblX mB3fl0B BTI'P 0flR cmeHoa ACTPA. B KpHTHt.JeCKHX 

c6opKaX cTett.na ACTPA HCTIOJih3YeTC51 cMecb maposbcx TB3JIOB, cocT051f.Urul H3 2/3 waposhlx TB3-

JIOB IlOCTaBKH 1 H 1/3 ITOCTaBKH 2 . B pe3yJibTaTe CTanrcn1qecKOH o6pa60TKH nacnopTHhIX .naHHhlX 

AA.SI 3TOH CTOXaCTH:tieCKOH CMeCH wapOBblX TB3JIOB nony4etta cpe,nH5151 Macca TB3JJa Tnrs = 214,2 ± 
0,2(1er) r. 

XapaKmepucmuKa TC u 2pacj:JUmoeou MampulJbl. B cooTBeTCTBHH c KOHCTJ)Yf<TOpCKOH ,noKy­

MeHTauHeH ,nHaMeTp TC pasett dTc = 50,0±o,s MM. ,[Lrl.S1 pasttoMepttoro pacnpeJJ.eneHH.SI s npe,nenax 

.ll.OrrycKa OTHOCHTeJibHO HOMHHaJJhHoro 3Ha4eHH.SI rroJIY4HM dTC = 5,00 ± 0,03(1 er) CM. B TC O.lf.HOro 

rnaposoro TB3Jia co.ll,ep)l(HTC.SI s cpe.ll,HeM gu = 2,440 ± 0,002( I er) r ypaHa. 

I'pa(j)um MampUl,fbl mB3Jla. Ha OCHOBe pe3yJibT8TOB CTaTHCTHl-feCKOH o6pa6oTKH nacnopTHblX 

.ll,8HHhlX mapOBb[X TB3JIOB H MHKpOTOilJIHBa no.rryqetta oueHKa BeJIHl-fHHbl IlJIOTHOCTH rpacpHTa (Ye) 
H Heonpe.neneHHOCTH O(Yc), KOTOprui: nposo,nHJiaCb CJie.D.yIOLUHM o6pa30M: Bhl4HCJI.SlnHCh 061,eM H 

Macca 0,llHOro MHKpOTB3Jia, a TaJOKe Macca ypatta B HeM; C yl-feTOM H3BeCTHOH cpe,ntteH MaCCbl 

ypaua gu B O,llHOM wapOBOM TB3JTe onpe)leJI51JlOCb l-fHCJIO MHKpOTB3JlOB B HeM, KOTOpoe COCTaBHJIO 

3 866,3 l-faCTHL{; 061>eM rpacpHTOBOH MaTpHUbl TB3Jla nony4anc.si npH Bbll-fHTaHHH 1-13 061,eMa wapo­

soro TB3Jia BCJIH4HHbl o6oeMa, 38H.HMaeMoro MHKpOTOnJIHBOM; Macca rpaq>HTOBOH M3TJ)I-H.lbl TB3JI3 

H8XO.ll,HJJaCb B pe3yJibTare Bbll-fHT8HH51 MaCCbl MHKpOTOITJIHBa H3 M3CCbl waposoro TB3Jia. ,[vu, K8)1(-
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,ll,OH napTHJi TB3J10B nJIOTHOCTb rpaq>HTOBOH MaTpHUbl C npHMeC.slMH HaXO,ll,HnaCb npH ,ll,eJiemrn no­

nyqeHHOH MaCCbl rpaq>HTOBOH MaTpm.{bI Ha ee o6oeM. 

B HTOre cpe,ll,H.sl.sl TTJIOTHOCTb rpaqmTOBOH MaTpHUbl rnapOBOro TB3Jia, HaH,ll,eHHM C YlfeTOM 

BKJia,l],a KIDK,ll,OH naprHH no Macce, H ee ou,etteHHa.sr Heonpe,ll,eJieHHOCTb nonyqHnHCb paBHblMH 

Ye= 1,885 ± 0,003(1 cr) r/cM
3

• CTpH H3roToBnemrn scex rnapOBbIX f3 ,ll,JISI CTeH,ll,a ACTPA ucnonb-

3osanc.sr rpaq>HT BblCOKOH lfHCTOTbl. Ha npaKTMKe ,ll,JI.sl onpe}leJieHHSI qHCTOTbl peaKTopttoro rpacpH­

Ta umpoKO npHMeHSleTCSI TeCTHpOBaHJie rpaq>HTOBblX MaTepHaJIOB C HCilOJib30BaHHeM Hepa3py­

rnaroll.{HX HeHTpOHHO-cpH31-fl•leCKHX MeTO,UOB KOHTpOJlSI (HanpHMep, C nOMOll.{bfO CHrMa-npH3Mbl). 

KaK nOKa3aHO s pa6oTe (13], CO}lep)KaHHe HeHTpOHOnornomafOll.{HX npHMeceH COOTBeTCTBYeT 

npHMeCH ecTeCTBeHHOro 6opa s rpacp,ne c KOHQeHTpal(HeH 1,0 ± 0,l(lcr) ppm MaCCOBbIX (6opHb[H 

3KBHBaJieHT). 

8 npoQecce aHaJIHJa ,ll,aHHhIX no mapOBblM TB3JiaM npoBO,UHJIOCb nOCTpOeHJie COOTBeTCTB)'IO­

IIJ.HX CTaTHCTHqecKHX KOHTpOJibHbIX KapT KatJecTBa (14], xapaKTepH3YIOW.HX OTKJIOHeHHe aHaJIH-

3HpyeMoro napaMeTpa OT ero cpe,uHero JHatJeHHSI: 

- KOHTpOJibHM KapTa pa3HOCTH Mace O!nni Me)K.ll.y cpe,uHeH MaCCOH mi 0.ll.HOro TB3Jia B napTHH i 

(i = 1 ..• 17) H cpe.ll.HHM JHatJemteM mI1 no sceM napTHRM (Omn = m, - mI1 ); 

- KOHTp0JibHa.sl KapTa pa3HOCTH Mace omk Me)K,lly pe3yJibTaTaMH Bbr6opo1.moro H3MepeHID1 MaCCbl 

mk O,ll,HOf0 TB3Jla (k = 1 ... 20) H cpe,uHHM 3Hal.feHHeM mN ,lJ.JI.sl BbI60pKH N = 20 TB3JIOB (8mk = mk -

mN ); 

- KOHTpOJibHa.sr Kaprn pa3HOCTH o6oeMos Vi H ~ .ll.Jlj{ Bb16opKH N = 20 TB3JIOB ( 8 Vi = Vi - VN ); 
- KOHTpOJibHM KapTa pa3HOCTH nJIOTHOCTeH Pk H p N )J,Jl.sl ,uaHHOH BbI6opKH TB3JIOB (Opk = Pk -

PN ). 
Ha pHC. 2 8 Kal.feCTBe npHMepa npHBe,UeHa CTaTHCTH'-leCKM KOHTpOJil>Ha.11 KapTa .ll.Jlj{ pa3HOCTH 

Mace OmTB = m;- m,1 B cnyqae 17-TH napTHH rnapOBblX TB3JIOB (Ta6JI . 1). no OCH op.zumaT OTJIO-

)KeHbl pa3HOCTb Mace Om, H 3HatJeHHSI KOHTpOJlbHbIX npe}leJIOB (± 2sigma H ± 3sigma); no OCH a6c­

l(HCC OTJIO)KeH nopR.LJ.KOBblli HOMep napTHJi i. IlpH 3a,naHHH KOHTpOJibHl>IX npe,ueJIOB Ha Kapre no­

naranocb, lfT0 cnytJaHHM seJIHlfHHa 8mTB fl0.L(lJHH.sleTC.sI HOpMaJibH0MY 3aK0HY pacnpe,ueneHHSI. 

O1.(eHKa JJ,HcnepCHH CJ~"'n = (sigma)2 = CJ~+ CJ~l7 nonyqeHa B COOTBeTCTBHH co CJieJJ.YfOLUHMH co-

Bm,., r 
8,0 ,---------------------, 

6,0 --------------------! 

4,0 - - - - - - - - - - - - - - - - - - - - - - - - - - -

2,0 

o t-------~-~-------na.-'-p_TM_R---ti 
3 5 7 9 11 ° 13 15 17 

-2,0 • • . . 
-4,0 ,_ - - - - _ - _____________ 0 _____ _ 

- 6,0 1---------------------i 
-8,0 -----------------~ 

PHc. 2. KoHTpOJibHaJI cTarncTwrecKaR KapTa ruu1 pa3-

HOCTH Mace 0Tn-ra = m; - m,1 Me)((.ny cpellHl1M 3Halfe-

HHeM MaCCbl m, TB3Jla napnrn i H cpellHHM 3Hat.fe­

HHeM m,1 JIJUI 17-TH napnrn TB3JIOB: - - - 2sigma; 

--3sigma 
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OTH0UieHIDIMH: CJ~, = !)/m, -mI1 )2 /( K -1) -

01.(eHKa JJ,HcnepCHH cnyqaHHOH BeJIH"lJHHbl 

- 2 2 IK m,. , CJ m = CJ m - 01~eHKa JJ,HcnepcHH 
17 / 

,ll,JIJI cpeJJ,HeapHcpMeTHlfeCKOro 3HatJeHHJI 

m,1 = ~m,/K. 
l=I 

KaK CJieJJ,yeT HJ aHaJIH3a noBe}leHHSI ,l],aH­

HblX Ha KOHTpOJibHOH KapTe, semNHHa 0T­

KJIOHeHH.sl 8rnre HOCHT cnyqaHHblH xapaKTep H 

He BblX0JJ,HT 3a KOHTpOJibHble npeJJ,eJlb[ ± 
2s igma = ± 4, 19 r . 3To 03HatJaeT, tJTO peJyJib­

TaTbI Bb16opO'IHbJX H3MepeHHH MaCCbl mapo­

BblX TB3J10B flOJJ,TBep)K.ll.alOT CO0TBeTCTBYIO­

LUHe nacnopTHble JJ,aHHble ,ll,JI.sl TB3JIOB. 113 
np,,rneJJ,eHHblX s Ta6JI. 1 JJ,aHHblX BHJJ,HO, lJTO 



cpe.D.IDIJI Macca ypaHa Pu, B o.nHoM TB3Jle H3MeH$1eTcsi: B Y3KOM HHTepBane 3Ha4eHH.H no napTH$1M 

(p- , - Pmin , ) = 0,002 r. AHanOfl14HbJe KapTbI nocTpOeHbI .llJl$1 pa3HOCTH o6'beMOB 6Vi H nnoT-max. , 

ttOCTH TB3J10B OPk· yfa aHaJIH3a nony•teHHblX oueHOK CJle,ll.yeT, lJTO pe3yJlbTaTbl BbI6opo4HbIX H3-

MepeHHH napaMeTpOB uiapOBblX TB3J10B nOJ].TBep)f(JlaJOT COOTBeTCTBYI-OlUHe nacnopTHbie )J.3HHbJe 

.aJUf HHX. 

2. CTaTncTnttecKaH o6pa6oTKa HH(l>OpManuu no mapoBblM r3 

2.1. O6u,{1Jl xapaKmepucmuKa iuap06blX I'3, H3fOTOBJ1eHHbIX H3 peaKTOpHOfO rpaqnrra BblCO­

KOH l{HCTOTbl nyreM MexaHH<{eCKOH o6pa6oTKH rpa<pHTOBblX 6110KOB PEMK. ,Lvrn npoBe)J.eHHSI 

3KCnepHMeHTOB BbmymeHbl .[{Be IlOCTaBKH rnapOBbIX r3 - nepBast s KOJlHt{eCTBe 5 000 u BTOpcU! s 

KOJIWieCTBe 10 000 f3. B nacnopTHblX )J.aHHhIX rrpHBO,USITC.Sl c11eey1-01IJ,He OCHOBHble xapaKTepH­

CTHKH rnapOBbfX f3: ,UH3MeTp - 60-0,J MM; cpeJ].HSISI Macca - 187 r; cpe,UHSISI IlJlOTHOCTb - 1,68 

r/cM
3

; <pH3H'leCKHH K03<p<pHUHeHT F - 3,8 H np. ,lvlsi: paBHOMepHoro 3aKOHa pacnpe,neneHIDI B npe­

,nenax JlOnycKa Hapy)l(Hh1H JlHaMeTp rnaposoro f3 cocTaBJ1$JeT dn = 5,985 ± 0 ,002(lcr) CM. Kruc 
OTMet.teHO s pa3)leJle 1.5, CO)lep:>KamHeC}l s f3 HeHTpOHonornomaJOmHe rrpHMeCH yt.tHTbIBaJOTCSl c 

noMOlUbl-0 3cp<peKTHBHOH KOHJ.J.eHTpauirn eCTeCTBeHHOfO 6opa, 3KBHBaJleHTHOH no nornol.l{eHHlO 

tteHTpOHOB B HMel-OIIUIXC.Sl npHMeCSlX (6opHblH 3KBHBaJieHT). EopHblH 3KBHBaneHT COCTaBJI.SleT KOH­

ueHTpauHJO B, pasHYJO 1,0 ppm no Macce. 

2.2. Pe3yllbmambl cmamucmul/ecKoii o6pa6omKU noiJmeep:>1eoa10ufux U3MepeHuu. MeTO.ll.OM 

ttepa3pyrna10mero KOHTpOJI.Sl B PHU. "KM" npose.neHbJ Bhl60p04Hhle TIO)lTBep)f(Jlal-OlUHe H3Mepe­

IDUI MaCCbl H .[{HaMeTpa rnapOBblX r3. ,[(JI.SI npoBe)leIDUI H3MepeHHH H3 nepBOH H BTOpOH ITOCTaBOK 

[3 cny-qa.HHhlM o6pa30M OT06pa.Hbl BbJ60pKH 06beMOM no 50 lllTYK rnapOBbIX f3. 83eern1rnam1e 

Ka:>K.L{OfO f3 npOBO)J.HJlOCb Ha 3JleKTpOHHbIX secax PR2002, a H3MepeHHe HX .[{HaMeTpa BblTIOJlHJI­

JIOCb C IlOMOI..Qbl-0 MHKpOMeTpa MK-75. ,[(11~ Ka:>K,L{OH BbI60pKH IlOCTpOeHbI COOTBeTCTByJOUlHe KOH­

TpOJlbHhle CTaTHCTWieCKHe Kapn1, xapaKTepH3YlOlUHe OTKJlOHeHHe aHaJIH3HpyeMOH BeJlH4HHbl OT 

ee cpenttero 3Hal.fettHJ1 : 

• KOHTpOJlbHcUI KapTa pa3HOCTH Mace &mn Me)K.L{y pe3yJlbTaTaMH Bb16op04HOro H3MepeHH.Sl Mac­

Cbl mn 0)1.HOfO rnaposoro (n = 1 ... 50) H cpe)lHHM 3Ha4eHHeM m N ,LJ,JlSl BbI6opKH N = 50 f3 (Omn = 
= Omn = mn - mN ); 

• KOHTpOJlbHcUI KapTa pa3HOCTH o6beMOB 

• 

- -
Vn H VN (OVn= V,,- VN); 
KOHTp011bHcUI KapTa pa3HOCTH nJlOTHO­

CTeH Pn H PN (OPn = Pn - PN ). 
Ha pHC. 3 rrpHBe,L{eHa CTaTHCTl.f4eCKcUI 

KOHTpOJlbHcUI KapTa pa3HOCTH IlJlOTHOCTeH 

0Pn ,lJ.JI.Sl Bb16opKH N = 50 f3 H3 nocTaBKH I . 
KaK CJle)J.yeT H3 aHaJIH3a IlOBe)J.eHHJI )laHHblX 

Ha KOHTpOJlbHOH Kapre, JJ.peiicp OTKJlOHeHHH 

Opn HOCHT cnyt-laHHbIH xapaKTep H He BblXO-

0,3~----------------~ 

0,25 

0,2 

0,151--------------------1 

~1 ~----------------------
0,05 • 

• 
0 • • ... 

1 1 • .~31 • • 
-0,05 • • 

. • • • • • • HoMep r3 • . . . . . . 
• • - • • -. . 

141 .. 151 J61 • . • . • • 
-0,1 

-0.15.-------------------1 

.l\HT 3a COOTBeTCTByJOlUHe KOHTp011bHble npe- _ 0,2 ,__ ________________ __, 

.l\CJlbI ± 2sigma. AHaJ10fl14HbJe pe3yJlbTaTbl 

nony-qeHbl npH aHaJIH3e .npyrnx CTaTHCTH4e-
CKHX KOHTpOJlbHbIX KapT. 

B Ta611. 4 npHBOJ]..SITC}l oueHKH cpeJ].HHX 

nJlOTHOCTeH f3 H HX ,l).HCnepcirn ,LJ,Jl}l BbI6o-

PHC. 3. KOH'fPOJihHaJI CTan1cn1-i.recKaSI Kap-ra .LUISI pa3HO­

CTH nJIOTHOCTeH 8pn = p,, - p50 Me)K.ny n.noTHOCTbJO 

p ,, onttoro r3 H cpe.nHHM 3Ha'¾ettHeM p50 .LUTJI s1,16op­

KH N = 50 r3: - - - 2s igrna; --3s igrna 
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poK 1 H 2. IlpH npo s eJ].eHHH CTaTHCTJ,£qeCKoro attamna nonara.rroch, l{TO o6e BhI60pKH 83.SITbl H3 

HOpMaJibHO pacnpeJJ.eJieHHhlX reHepaJTbHblX COBOKYilHOCTdi C MaTeMaTHt-leCKHMH O)KHJ].amrnMH 
, , n 

m Xl' m .\'2 H ,LlHCnepCHSfMH O' xl, cr:n, COOTBeTCTBeHHO. posepslJiaCb HyJieBa.H rHnOTe3a Ho : m Xl = 
mXl. HyneBa.H f HilOTe3a He OTBepraeTCSI npH .llBYCTOpOHHeM KpHTepHH, ecmt BbIITOJIHSieTC.SI Hepa­

BeHCTBO [ 11] 

r.ue X I , X 2 - cpeJJ.HHe 3Hal.feHIDI, n oJiyc-IeHHbie no BbJ6opKaM H3 HOpMaJTbHO pacnpe.ueneHHblX re­

HepaJTbHblX COBOKy nHOCTeH; Sil ' st - BbI6opo4Hble ,AHCnepCHH .um1 BbI6opoK 1 H 2, COOTBeTCT­

BeHHO; a = 1 - Pc= 0,05 - yposeHb 3Hal.fHMOCTH (Pc = 0,95 - J].OBepHTeJibHM sepO.HTHOCTb); li--o./2 

(v) - KpHTHl.feCKHe 3Ha4eHIDI .llBYCTOpOHHero t-KpHTepHsr. qHCJIO V CTeneHeH cso60.ub1 oueHHBa-

( S.: + S.: ) 2 

JIOCh no cpopMy ne v = ( x) ( 1 
) (N -1) , rJJ.e N = 50 - o6beM Ka)K.AOH Bb16opKH. 

S.: i+ S.: i 
X1 X2 

Ta 6 n H u a 4. PeJyrrhTilThI crnrncTH'{eCKoro aHamna 
□ mm 6 r3 OJJ.TBep)l(,llalOLUIDC HJMepe 1UUI Bbl opoK wapOBblX 

TiapaMeTpbJ 

TTnoTHOCTh P; , r/cM3 

,[(HcrrepCI-UI SJ; , 
(r/cM3)2 

IP, - P2 I , r /cM3 

t,-a12(v)Js:, + s:2 ' 
r/cM3 

B b16opKa BbI60pKa 
i = l, i = 2, 

N= 50 r3 N = 50 f3 

1,671 1,692 

2,20-104 0,47-10-4 

0,021 

0,032 

KaK cne,nyeT H3 npoBeJ].eHHOfO CTaTH­

CTHt-IeCKoro 3HaJTH3a BbI6opottHhlX CTOJ].TBep­

)K,[(3!01..QHX H3MepeHHH, pa3JIH4.He Me)K.[(y 

cpe.UHHMH 3HatteHIDIMH nnoTHOCTeH p1 H p2 

BbI6opoK 1 H 2 CTaTHCTHl.feCKH He3HattHMO, 

T .e. CTOCT3BK.H wapoBblX r3 H3roTOBJieHbl H3 

rpacpHTa C OJ].HH3KOBOH nJIOTHOCTblO. B lffOre 

CTaTHCTHt.t:eCKOH o6pa60TK.H .lUlHHblX nony­

t.t:eHa oueHKa M SI nnoTHOCTH waposoro r3 
Yn = 1,681 ± 0,007( I cr) r / cM

3
. 

2.3. O606u1eHue p e3yllbmamoe XUMUtJeCK020 aH{1JlU3a I'3. ~ JUI IlO,LlTBep)K.[(eHHSI COJJ.ep)KaHIDI 

HeHTpottonornomaiomwx n p HMecew (Fe, B, Hf, Cd, Gd, Sm, Cl, Li) npose.uett XHMHt.t:ecl<J,ill aHaJTH3 

COCTaBa HeCKOJihKHX wapOBI,IX r3 MeTO.llOM pa3pywaiomero KOHTpom1. EopHI,1.H 3KBHBaJTeHT ,[(JISI 

COBOKynHOCTH 3THX 3JieMeHTOB npHMeCH B rpacpHTe [3 pacct.IJiTaH B COOTBeTCTBHH C MeTOJ].HKOH 

pa60Tbl [8]. ~SI wapOBblX f3 6opHbIH 3KBHBaJTeHT OKa3aJTC.SI paBHblM KOHUeHTpaUHH - 0,8 ppm 

Mace. ecTecTsettHoro 6opa, <ITO cornacyeTC.H co 3Hat.ieIDf.eM 1,0 ppm Mace., nonytteHHhIM Ha ocHo­

se nacnopTHbIX ,naHHbIX Ha p eaKTOp Hbl H rpacpHT, H3 KOTOporo H3fOTOBJieHbl 3TH f3. 
TaKHM o6pa30M, Ha OCHOB3HHH npose,neHHOfO CTaTHCTHt-IeCKoro 3HaJIH33 pe3yJibT3TOB BbJ6o­

pottHblX H3MepeHHH H n onyt.t:eHHblX ,AaHHbIX XHMHt-IeCKoro 3HaJTH33 no COCTaBY npHMeceu f3 no­

Ka33HO, t.ITO wapOBble [3 H3fOTOBJTeHbl J,f3 t.t:HCTOro rpacpHTa, KOTOpbl H np.HMemreTC.SI ,AJISI PEMK. 

3. CTaTHCToqecKaH o6pa6oTKa HHcJ>OpMannn no mapOBblM 113 

3.1 . O6utaR xapaKmepucmuKa ULap06blX Il3, CTpe,ncTaBJT.SIIOll(HX co6oi1 rpacpHTOBYIO MaTpHuy, 

B ueHTpaJTbHOH ttaCTH KOTOpOH (nornomaIOll(HH cep)].ettHHK) cnyttaHHblM o6pa30M p aBHOMepHO 

p acCTpeJJ.eJieHbl l.f3CTHUbl H3 Kap 611.ua ecTeCTBeHHOfO 6op a. Ka)K.[(asr H3fOTOBJieHHM napTH.H wapo­

BblX II3 H.MeeT OT,LJ.eJlbHblH perncTp al..(HOHHblH nacnopT, a KOTOpOM npHBO,LlSITCSI cne.uyiomHe oc­

HOBHbie n apaMerpbl CT3: ,LlHaMerp 60-0
•
3 

MM; Macca H IlJIOTHOCTb; ,nHaMeTp cep.uettHHKa C ttaCTHl..(3-

MH Kap6H,na ecTeCTBeHHOro 6op a ( ~ 40 MM); cpe,AHHH p a3Mep t.t:aCTHU 113 Kap611.n.a 6opa ( ~ 60 
MKM); 3arpy3Ka ecTeCTBeHHOro 6opa B cep ,ueqHH.Ke II3 (0, I ± 0,0 I r); H30TOTIHblH COCT3B ecTeCT-
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settHoro 6opa -
108 - 19,7 ± 0, l(lcr) aT. %; 118 - 80.3 ± 0,l(lcr) aT. %, YT0 coorneTcTByeT H3o­

TonH0MY MaccosoMy cocrnsy 6opa: 
10B - 18,242 ± 0, I0O(lcr) % Mace., 

11B - 81 ,758 ± 0.I00(lcr) 
% ~acc. 

I1Me10ll.{HeC.SI B rpacjrnTe npHMeCH, K0TOpbte nornOLuatOT HeITTpOHbl, Y'·HfTblBaJOTC.SI C no~10-

lllb!O ecTecTBeHH0ro 6opa C KOHUeHTpauHeH, 3KBHBaJieHTHOH. no nornomeHH10 HeihpOHOB B npH­

MeC.SIX- £opHbIH 3KBHBaJiellT npHMeCH C0CTasm1eT 1,0 ppm Mace. ecTeCTBeHH0ro 6opa. 

3.2. Cmamucmuttec,wii a11ana nacnopmHblX oa,mbVC. TTpH cTaTHCntl.feCKOH o6pa6oTKe HC­

noJib30BaHbI nacnopTHbte ,uaHHbte scex napTHH wapoBbtX 03, co.uep)f(all.{H> .. 2 506 03. 11Torosbte 

pe3YJlbTaTbl CTaTHCTHl.feCKOH o6pa60TKH nacnopTHblX .uaHHblX TT3 npe,llCTaBJJeHbl B Ta6JJ. 5. 

T 6 a JI HU a 5 p . V 6 6 e3VJ1bT3Tbl CTaTl1CTlfl'leCKOU O ,pa 0TKH nacnopTHblX .naHllbIX .ll.Jljf 2 506 n3 

Cpe.n.H11e 3HatteHHH napaMeTP0B ff) CTaH,1IapTllble OT)(Jl0HeHHH cr{ 

Macca ,l],uaMeTp O6beM nnOTHOCTb. r / cM
3 

a P. , r / cM
3 - - -· - criJ,r 0 ,7 , MM 

M,r d ,MM V, CM
3 

Pn p= M fl ' 

198,59 59,93 112,70 1.763 1.762 0,07 0,01 0,001 . no pe3yJ1bT3TaM ycpeJJ.HeHHblX nacnopTHblX .113HHblX . 

TaKHM o6pa30M, cpe.UHHe 3Ha4eHH.R TTJIOTHOCTeH TI3. nonyt.te!IHbte npH pa311Hl.fHblX npoue.uy­

pax CTaTHCTHlfeCKOH o6pa6oTKH, comae) IOTC.SI .upyr C .upyroM . .an.SI cpe.nttero 3Hal.feHH.SI Hapy')KH0-

ro )J.HaMeTpa H ITJI0TH0CTH TI3 nony4eHbl cne.uyIom11c oueHK11: d,u = 5,993 ± 0,001 ( 1 cr) CM H 

Pm= 1,763 ± O,OOl(lcr) r / cM3. ,[(HaMeTp cep.neYHHKa 03 c Yacnu.1,aMH Kap611.ua 6opa cocTasm1eT 

4,0 cM, 3arpy3Ka ecTecTBeHttoro 6opa B cep.nel.fHHKe 03 - 0, l 00 ± 0,006( l cr) r. 
3 .3. PeJy.11bmambl cmamucmu'-leCKOlt 06pa601111<u ebl6opol/.1/blX noomeep:J1Coa10u1ux UJ.11-1epe­

Hllli. MeTO)J.OM Hepa3pywa10mero K0HTp0ml npoBe)leHbl Bbt6opo4Hbte K0HTp0JJbHbte H3MepeHl1SI 

MaCCbl H ,lJ.HaMeTpa wap0BblX TT3 (JJ.JJSI Bbl60pKH 06beMOM 113 20 TI3). 83BeWHBam1e rpacpHTOBblX 

03 np0B0)lHJl0Cb Ha 3JleKrp0HHblX secax PR2002, a 113MepeHHe 11X ,D.HaMei-pa BblIT0JlHHJI0Cb C no­

MOLUb!O MHKpoMerpa MK-75. 
B npouecce cTan1cT11YecKoro attan113a nonyl.feHHblX .naHHhl. nposo.n.Hnoch nocrpoeH11e co­

oTBeTCTBY!OLU11X K0HTP0JJbHblX KapT. xapaK1epH3)'10ll.{HX 0TKJI0HeHHe aHaJIH3MpyeMoro napaMerpa 

OT ero cpe.uHero 3Ha4eHHH: 

• K0HTponbHast KapTa pa3H0CTH Mace 81110 , 

Me)l(,D.)' MaCCOH 1111 o.n.1-t0ro rpacp11TOBOro 

IT3 s Bb16opKe (j = I .. . 20) 11 cpe.UHHM 

3Hal.feH11eM m20 .llJISI Bbl60pKH N = 20 fl3 

• 

• 

(Omro = 1111 - m20 ): 

K0HTJ)0JlbHa.SI Kaprn pa3H0CTl1 o6beMOB ~ 

H ~ o rpacj)HTOBblX fl3 (OVn-i = V; - ~ o ): 

K0HTJ)0JlbHast Kaprn pa31-10CTl1 TTJl0TH0-

CTeH P1 H p20 (OPn-i = P1 - P~o ). 
Ha pHC. 4 np11se.ueHa CTaTHCTH4eCK8.SI 

K0HTp0JJbHast KapTa pa3H0CTl1 TTJIOTHOCTeH Pn1 
Mst Bb16opK11 N = 20 IT3. KaK cne.n.yeT 113 

aHam13a nose.ueHHSI .naHHblX 1-1a KOHTpOJlbll0H 

KapTe, .npetlcp OTKJJOHeHHi"i OPn-i H0Cl1T cny­

lfattHblH xapaKTep 11 He Bbl>..0.D.HT 3a C00TBeT-

0,1 

0.08 

0,06 

0,04 

0,02 

0 
5 

- 0 02 

- 0.04 

-0,06 

-0.08 

-0.1 

. . 
0 

-- -
. . . . . 

-
505 

-

- - --------. 
. . 

. HoMep n3 . . . 
510 515 . 

- - - -- -. 

P11c. 4. KoHTPOJlbHaH crnrncn1t.tecKcU1 KapTa ,1lJUI pa3H0-

CTH IUI0THOCTeH 8p1., = p1 - p20 Me>KJJ.Y nnoTH0CThlO p1 

o.nttoro rpacjnrrosoro n3 11 cpe11H11M 3Ha4eHHeM p20 

.1IJ1H Bb16opKH N = 20 ff): - - - 2s igma, --3s igrna 
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-
CTBYI-OlllHe KOHTpOJJbHble npe)leJlbl ± 2sigma. AHaJJOrH4Hble pe3ynhTaTbl noJJy4eHbl np11 ITOCTpoe­
HMl1 Jlpyrn:x BblllleyKa3aHHblX CTaTl1CTH4eCKHX KOHTpOJibHblX KapT. B HTOre pe3yJTbT3Tbl Bb160-
p04HblX H3MepeHHH napaMeTpOB wapOBblX TT3 nomsep>K,[(al-OT COOTBeTCTBYI-OlllHe nacnopTHble 
xapaKTepHCTMKM TT3. 

MeTO.llOM pa3pywa1-0mero KOHTporu1 s PHIJ, "K.11" nposeneH Bbt6opoLIHbIH MeTannorpacjrn4e­
CKMH aHaJJH3 HeCKOJlbKHX TI3, KOTOpblH ITO}lTBep)ll1JI nacnopTHb[e naHHble no )lHaMeTpy norno­
LlllliOLllero cep)le'iHHKa (40 MM). AHaJJH3 COCTaBa 4acnm B TT3 ITOKa3aJJ, 4TO nJJOTHOCTb Kap6H)la 

6opa B HHX pasHa 2,52 r/cM3
• ,lLrul ou,eHKM pa3Mepos 48CTHU Kap6H)la 6opa B3HTa HX npOH3B0JlbHaH 

Bb16opKa HJ nopolllKa 06pa3ua-csHneTern1 c Maccoii 0, 13 7 r. 3m Bb16opKa qacTHU pacnpe)le11etta 
N, 0TH. eA. 

1 ,2 

0,6 

r 
I ~KM 

Ha nosepXHOCTH KOirrpaCTHOro MaTep11ana Ta­
Kl1M o6pa30M, 4T06bl t.iaCTHUbl Kap611)la 6opa. 
OTCTOHJ.I.U1e npyr OT )lpyra, 3aMeTHO Bbl)leJJHJIHCb 
Ha ero cjJoHe. 3areM OCYLl.leCTBJieHO 11X cjJOTO­
rpacjJ11posatt11e no.n MHKp0CKOITOM C yseJIHLfeHH­

eM s 54 pa3a H npoH3senetta oueHKa pa3Mepos 
Ka)KJ],OH 4aCTHUbI, nonasweii s none c1,eMKH. 

Pe3yJibTaTbl CTaTHCTHt.ieCKOH o6pa6oTKH pa3Me­
pos qacTH.U HJ Kap611na 6opa npe.ncrnsneHbI Ha 
p11c. 5. Cpe.n;Hee 3Ha4eHHe 3KBHBaJieHTHOro 

0 
50 100 .D,HaMeTpa 4aCTHU H3 Kap611na 6opa B TI3 co-

P11c. 5. Pacnpe.D.eJJeHHe N Yacnru. Kap6H.D.a 6opa no cTaBJIHeT 63 MKM, 4TO no.nTBep)K)laeT nacnopT-
m<. pa.3MepaM: d- 3KBHBarieHTHblH .D.HaMeTp qacTHU Hble .nattHhle. 

B HTOre c Y4eTOM .naHHbTX Ta6JI. 5 ITOJIY4eHa nJJOTHOCTb rpacjJHTa s TI3 Ye= 1,762 r/cM3, l{TQ 

no.nTBep)f(JlaeT nacnopTHbJe ,naHHbie 1,763 ± 0,001 (1 cr) r/cM3
• 

3aKJIIOl.feune 

Tipe,nCTaBJieHbl pe3yJibTaTbl BbinOJIHeHHOH pa60Tbl no c6opy CTaTl1CTH4eeKOH o6pa6oTKe H 

o6o6meHHI-O HMe1-0meifo.S1 1rncjJopMaum1 no xapaKTepHCTHKaM lllapOBblX TB3JIOB BTrP, wapOBblX 
r3 H TI3, npHMefUleMblX npH nposeneHHH ttei1TpOHHO-cjJH3Ht.ieeKMX 3KenepHMeHTOB Ha KpHnr4e­
eKOM crett.ne ACTPA s PHU; "KH". 

C ITOMOLllbl-0 npoue.nyp MaTeMaTH4eCKOH CTaTHCTHKH p~pa6oTaH anrop11TM o6pa60TKH napa­
MeTpOB wapOBblX 3JieMeHTOB H eoCTaBJleHa nporpaMMa HX eTaTI1eT114eeKOH o6pa60TKJ,t. TIOKa3aHO, 
'-ITO npH HX H3fOTOBJieHHl1 HenOJib30BaJJCH rpacjJHT Bb!COKOH 4HCTOTbl, a napaMeTpbl noeTaBJieH­

HblX wapOBblX 3JTeMeHTOB eOOTBeTCTBYlOT npe.llbHBmleMblM Tpe6osaHHHM K wapOBblM TB3JiaM 

BTrP, lllapOBblM f3 11 TI3. 
Tiony4eHHbte pe3y11bTaTbI np11MeH.S11-0TeH s paclfeTHOH MO.n;e1111 KpMTHlfecKoii e6opK11 ACTPA 

e lllapoBblMH 3JieMeHTaMH. 8 pe3yJ1bTaTe npo.nenaHHOro eTaTHCTHlfeeKoro aHaJIH3a naenopTHblX 

,naHHblX peKOMeH.nyeTe.si 11CITOJ1b30BaTb .lJ,JlH eTeH,na ACTPA e11e.nyiom11e xapaKTepHeTHKl1 wapo­

Bb[X TB3J10B, MHKpOTonmrna, lllapOBblX f3 H n3: 
I11apo6ou mB3fl 

,a11aMeTp 11Japosoro TBJna 

,a11aMeTp TC 
IlnoTHOeTb rpacjJHTa o60JI0l{KH TB3Jla 

IlnoTHOCTb rpacjJHTa MaTp11Ubl TC 
Maeea ypatta s TC TB3na 

MuKpomonJlueo 

59,85 ± 0,02( I cr) MM 
50,0 ± 0,3( 1 cr) MM 

l ,885 ± 0,003( 1 cr) r/cM3 

1,885 ± 0,003( I cr) r/er•i 

2,440 ± 0,002( I cr) r 

,a1-1aMeTp I 059 ± 12(1 cr) MKM; .non.SJ ypatta 33,73 ± 0,47 % Mace. KepH 113 U02: )lHaMeTp 511 ± 5 
(1 cr) MKM; nnoTHOCTb I 0,27 ± 0, I 0(1 cr) r/cM3

; 06oramett1-1e no 235U - 20,91 ± 0,03( I cr) % Mace. 
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CnoH noKpblTHH MHKpOTOMHBa: 
cnoii I H3 PyC nnoTHOCTbIO 1,0 I ± 0,01 ( 1 cr) r /cM3

, TOJJW.HHOH 94 ± 7( l cr) MKM; 
cnoH 2 113 PyC nnoTHOCTbIO 1,95 ± 0,03( I cr) r/ cM3

, TOJJW.HHOH 72 ± 4( I cr) MKM; 
cnow 3 113 SiC nnoTHOCTbIO 3,26 ± 0,03( I cr) r /cr,.t3 , Tonw,11HOH 51 ± I ( I cr) MKM; 

cnoH 4 113 PyC nnoTHOCTblO 1,89 ± 0,03( I cr) r/cM3
, TOJJUJ.HHOH 57 ± I ( l cr) MKM. 

lllapoeo£i I'3 
,uwaMeTp r3 59,85 ± 0,02(1 cr) MM, nnoTHOCTb rpaqrnrn 1,681 ± 0,007( I cr) r/cM3

. 

lllapoeou fl3 
,uwaMeTP 59,93 ± 0,0l(lcr) MM; nnoTHOCTb rpaqrnrn 1.763 ± 0,00l(lcr) r/cM3

; .D.HaMeTp cep.D.eY.HHKa 
C 4aCTHU.aMH Kap6H.D.a ecreCTBeHHOfO 6opa 40 MM; cpe.D.HHH pa3Mep 48CTHU H3 Kap611.ua 6opa 60 
MKM, TTJJOTHOCTb Kap6H.ua 6opa s HHX paBHa 2,52 r /cM\ CO.D.ep)KaHHe ecTeCTBeHHOfO 6opa s cep­
,neY.H.HKe TI3 0, 100 ± 0,006( I cr) r; H30TOTTHblH COCTaB ecTeCTBeHHOfO 6opa, % Mace.: 108 - 18 242± 
± o 100(1 cr), 118 - 81 ,758 ± 0, 100(1 cr). 

Co.uep)K8HHe HeITTpOHonornow.aJOW,11X npHMeceH B rpaq>HTe paccMaTpHBaeMbIX B 11.aHHOH pa-
6oTe mapOBblX 3JleMeHTOB peKoMeHD.yeTC51 ytU1Tbl88Tb C noMOW,blO 6opttoro 3KBHBaJJeHTa, paBHO­
ro KOHIJ,ettrpaU.HH ecTeCTBeHttoro 6opa B rpaq>HTe I ppm no Macce. 

KoHmaKmHaJl C6.R3b - HocoB Buma'IUzi l1em10<1u11, me..1. · (-199) I 96-92-9 /, e-mail: rpp@adis.vver.kiae.ru 
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Y,rr;K 621.039.(577 + 77) 
TpaHCMyTaU;IUI TexHeI(BH-99 n peaKTOpax 

PliMK c Mo,uepHH3HponaHuoii rpacl>HTonou KJia,uKoii H MK3P 

B.C. EpAtonuH, B.C. 0Ky11ee, 
MrTY HM. H.3. £ayMatta, l 07005, MocKsa, 2-sr 6ayMattcKasr yn., 5 

O6cy>KllaJOTC.H B03MO)KHOCTl1 Tf)aHCMYTal.{IDI J].0Jlr0)Kl1BYI.IJ.ero 99Tc B BOJJ.Orpaq>HTOBb[X peaKTopax C 
yMeHhUieHHoH JJ.OJJeH rpaqmrn (V 6noK P6MK KypcKOH A3C, MK3P). CKopocTb Tf)aHcMYTau1111 MaKCH· 
Mam,Ha np11 pa3MerueHHH 99Tc ttenocpeJJ.cTBeHHO s Tonmrne. KpoMe Toro 99Tc - cna6os1,1ropa10m,Hi1 norno­
THTeJJb, T.e. OT'laCTH MO)KeT 3aMeHHTb 167Er. Hanwrne 99Tc s aKTHBHOH 30tte cnoco6cTByeT MHHl1M113amrn 
naposoro KOJ<pq>11UHeHTa peaKTl1BHOCTl1, a OITTMMH3auH.H pa3Mem,eHIDI 99Tc - BblpaBHHBaHJ1l-O JHeproBbI)].e­
JieHIDI. TextteUHH MO>KeT orcraCTH 3aMeHHTb 3p611H B KaHaJJI,HI,JX peaKTopax C 6onee )KeCTKHM HeHTf)OHH.l,IM 
cneKTf)OM, fJ].e He npe)].ITOJJaraeTC.S! HCTTOJlb30BaID!e 3p6H.H. 

Transmutation of Tecboetium-99 in RBMK with modernized graphite piling and MKER. V.S. 
Ermolio, V.S. Okunev. The opportunities of long-living Technetium-99 transmutation in water-graphite 
nuclear reactors with reduced share of graphite (V block RBMK of Kursk NPP, MKER) are discussed. The 
rate of transmutation is maximal within accommodation 99Tc directly in fuel. Besides 99Tc - the "low­
burnable" absorber, i.e. partly can replace 167Er. The presence 99Tc in a core lead to minimization of steam 
reactivity factor. The optimization of accommodation 99Tc in a core can promote alignment the levelling of 
power excretion. It can be useful in water-graphite reactors with the more hard neutron spectrum (where er­
bium is not apply). Technetium-99 can partly replace an erbium in channel reactors with a more rigid neutron 
spectrum (where use of erbium is not supposed). 

1. Heo6xoi:.HMble yCJJ0BH11 i:.nH 34>4>eKTHBHOU Tp3HCMyY3UHH Texueuu11 

,[vrJI 3cpcpeKTHBHOH -rpaHCM)'TaUH"H )lOflfO)l<HBYll.lHX npo.uyKTOB )lenemur (ttanpHMep, 
99

Tc) 

HeifrpottaMH B .HJJ,epHOM peaKTope Heo6XO.l{HMO MaKCHMH3HpOBaTb t:IHCJIO VJ HeHTpOHOB, po)K)lalO­

ll.lHXC.H npH .uenemrn TIDKenblX sr.uep, 11 cet:ieHHe TpaHCMYT8U.11H crn,y pa.l(Hal{HOHHOf0 3ax.BaTa. TipH 

60JibllJOM q11c11e H36bITOl.fHbIX HeHTJ)OHOB 3cp<peKTHBHa.H TpaHCMYfaUH.H .nonrmKHBYll.lHX npo.uyK­

TOB .ueneHH.H B03MO)l(Ha B M.HfKOM J,IJIH pe30HaHCHOM cneKTpax. O.uttaKO -rpe6osaHH.H Vr ~ max 11 

<Jn,y -+ max nponrnopel.fl1Bbl: npH yMeHbllJeHIUf KHHeTHl.feCKOH 3Hepnrn £ HeHTpOHOB }'MeHbUiaeT­

Cj( VJ H ysenwrnsaeTC.H <Jn,y• Tio )TOH npH'-IHHe )lOJlfO)KHBYll.lHe npOJJ,yKTbl .ueneHl1Sl npe.unaraeTCj( 

-rpaHCMYTHPOBaTb B 6b!CTJ)OM peaKTOpe, pa3Mell.la.H HX BMeCTe C 3aMe.un11TeJ1eM B 6oKOBOM OTpa­

)K8TeJie [ 1]. 
PeaKTOpbl Ha TeilJIOBblX Heifrpottax xapaKTepH3YIOTC.H MeHbllJl1M VJ, HO 66JibllJl1M crn,y Ha .H)lpax 

99
Tc. Bosne\.feHHe IlflYTOHH.H B TOilnHBHblH UHKJI TaKHX peaKTOpOB HeCKOJlbKO IlOBblWaeT VJ- Onpe­

)leneHHblH 11HTepec npe.ncTaBJij(eT B03MO)KHOCTb -rpaHCM)'Tau1rn JJ,onro)KHBYll.lHX npoJJ,yKTOB .uene­
HH.H (a nepsyio ot.Jepe.llh 

99
Tc) B PEMK c MOJJ,epHH3HposaHHOH rpa<pHTOBOH KJiaJJ,KOH 11 MK3P. 

2. 0 B03M0JICH0CTU CHH'.llCeHUH oapoeoro 34>4>eKTa peaKTHBHOCTU 

C ueJiblO CHIDKemrn naposoro J<p<peKTa peaKTHBHOCTH B P6MK npe.nnaraeTcsr y)KeCT4aTh 

cneKTp 3a CYeT n0BbLWeHJ,f.H o6orar.u,eHH.H TOJinHBa HJIH yMeHbweHml )J,0JIH rpa<pHTa. Ha V 6110Ke 

KypcKOH A3C nnattHpyeTcsr Hcnonb30BaTb Mo.ueptt11311posattttyio rpa<pHTosyio KJia.UKY B cpopMe 

B0CbMHrpaHHblX npH3M [2]. B MK3P yMeHbWeHa )l0flj( rpacfrnrn 3a C4eT nepexo.ua K 6011ee TeCHOH 

pemeTKe TOnn11BHblX KaHanOB no cpaBHeHHIO C PEMK [2]. 
B PEMK c -rpa.llHUHOHHOH rpacjrnTosoii KJia.UKOH Bbiropaiom11i1 nornoT11Tenb - 3p6Hi1 HHTeH­

CHBHO nornomaer HeHTpOHbI np11 ysen1-1Yett1111 napoco.uep)KaHHj( 11 o6e3BO)KHBaHHH Kattana: nep-
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p 

sblH pe3oHaHc B 3aBHCHMOCTH cr11;r(E) y 
167Er - 9 128 6apH npH E:::: 0,45 38. (B np11po.nHoH CMeCH 

6 167E v v 

i,130Tonos 3p IUI r - eJIHHCTBeHHblH H30T0n C He4eTHblM 4HCJI0M HeHTp0HOB, cne.nosaTeJibH0, C 

MaKCHMaJibHblM Ce4eHHeM nornomemu1.) 

Y)KeCTLiettHe cneKTpa npH yseJIHLiettHH o6oramemui H yMeHbwemrn .no1111 rpacjnrra s aKTHB­

HOH 3otte (nepexo.ne K MO.nepttH3HposaHHOH KJiaJIKe HJIH TeCHOH perneTKe TOnJlHBHblX KaHaJIOB) 

.nenaeT ttenpHBJieKaTeJibHblM npHMettettHe 3p6ID1 B PEMK: so-nepBbIX, 
167Er - napa.3MTHbIH norno­

Tl-iTeJib tteHTpOHOB, B0-BTOpblX, CMew.ettHe cne1<Tpa B 11106y10 CTopotty MO)KeT npHBeCTH K ysemt-
167E v qemuo peaKTHBHOCTH, TaK KaK f - pe30HaHCHbIH norn0TITTeJib. 

99Tc, KaJ< H 
167Er, - pe3ottaHCHbIH norJI0TITTeJib tteihpottos: s 3as11cHM0CTH cr11,y(E) y 

99
Tc nep­

BbIH pe30HaHC (995 6apH) pacn0JI0)KeH npH E :::; 5 3B (p11cyHOK). 3-ra oco6eHHOCTb .naeT B03M0)K-
99T 161E H0CTb HCTI0Jib30BaTb C BMeCT0 r 10 1.E+O5 ,--------------------, 

8 PBMK c 6onee )KeCTKHM cneKTpoM g 
ff]lH B MK3P. ~ 1.E+04 

99
Tc - BbirOpaIOW.HH norn0TITTeJib, ~ l.E+03 

X0Tjl nornomaeT HeHTpom,1 He TaK HH- ~ 
167E a 99T o I E+02 TeHCHBHO, KaK r . .n,n:pa C HMefOT j . 

qeTH0e l.{J,fCJI0 HeHTµOHOB: BCJie,UCTBHe i 1.E+0l 

3<1>cpeKTa cnapasattIDI tteynpyrne npo- g 
uecCbl Ha TaKMX SI,n:pax noporoBble H i3 1.E+O0 

:,-

peaJIH3YlOTCSI C MaJIOH sepOjlTHOCTbfO. 

rrornomettue tteHTµottos RnpaMH 
99

Tc 

8 
0 1.E-01 
~ 
~ I E-02 +----------.-----,-----,-----"--! npaKTH4eCKJ1 nOJIHOCTbfO onpe.ne11S1eT­

CSI pa,n:HaUHOHHblM 3axBaTOM. ITopor 1.E-05 l.E-03 1.E-01 I.E+Ol 1.E+03 1.E+O5 l.E+07 

.npyrHX peaKUHH, CBSI3aHHblX c norno- K1rnernqecKaii Jttepnui HefrrpoHa, JB 

w.ettHeM tteHTPOHa jlJJ:paMH 
99

Tc, - 3aBHCRMOCTb MKI<poce1.1emu1 pa.nHaUH0HHoro 3axsaTI1 OT KH­

noLITH l O MJB. TaKHM o6pa.30M, HeTwiecKoia JHepH11 Hei1rpoHa ,n;u1 
167Er (TOHKaJI KpHBaR) H 

npaKTH4.eCKH peanmyeM e.nHHCTBeH-
99

Tc (TOJICTaJI KplffiaJi) . .D:attHble JEF 2.2. (3arutcb l.E+03 CJie­

HblH Kattan TpaHCMYTaUHH 991:'c B .nyeT tJHTaTb KaK 103.) 

jl)lepm,1x peaKTopax: 
99

Tc (n, y) 100
Tc---+ '

00Ru. Tiep110.n nonypacna,n:a p· jl.nep 
100

rc - 15,8 c. Ce4e­

HHe nornomeHHSI TenJIOBb!X tteihpottOB PYTettHeM - tteCK0JibKO 6aptt. 

Cpe.nH .U0JifO)KJ,fBYLUHX npo.nyKT0B .nenettilll, TI0.ll.Jle)KaUJ.HX TpaHCMYTaUHH, npaKTHIIeCKH 

T0JlbK0 
99

Tc cnoco6cTBYeT Jcj>cj>eKTHBHOMY CHJ1)KeHHfO naposoro 3cpcpeKTa peaKTHBH0CTlf B Ka­

HaJibHblX ao.norpacj>HTOBblX peaKTopax C y)KeCTl'.{eHHblM cnel<TpOM: nepBbLH pe30HaHC B 3aBHCHM0-

CTH ceqeHlfSI cr0 nornomemu, (npH4eM cr0 :::: cr11.y) .ll.Jljl np04HX .nonro)KHBYLUHX npo.zzyKToB .neneHHSI 

fgacnoJIO)KeH npH ropa.3.U0 60JJbWeH 3HeprHH, a 3Hal'.{eHHe crn,y B pe30HaHce He CT0Jib BeJIHKO, KaK y 
Tc (Ta6111-1ua). 

T a 6 JI H u a xa aKTe MCTHK HeK0TO blX !l0Jlf0)1(H8 lliHX n O KT0B .neneHID! (JEF 2.2) 

nepHo.n nonypacna.na, MJTH. neT 0,2 6,5 15, 7 
Bb!XO.ll a peaKU11H .nenemur 

235U TenJJ0BblMH HeHTpOHaMH, % 6, 18 0, 14 0, 78 
BblXO.ll a peaKUMH nerreHHSI 235U 6blCTpblMH HeHTp0HaMH, % 5,96 0,24 1, 17 
Bb!XO!l B peaKUHH nerreHH.R 239Pu TellJl0BblMH HeHTpOHaMH, % 6, 18 3 17 1,40 
Bb!XO.ll a pea,aum nerreHH.R 239Pu 6biCTpblMl1 HeHTpOHaMH, % 5,84 3,03 1,30 
3tteprHJ1 nepsoro peJoHaHca B JaBHCHM0CTH a,,_.1(£), J8 5,0 39,8 70,8 
3HatJeH11e a11 e ne B0M eJoHaHce, 6a H 995,4 297,6 44,6 

Cs 
2,3 
6,58 
6,37 
7,24 
7,54 
44,7 

241,6 

OnTHMH3Hpysi pa.3Mew.eHHe 
99

Tc no o6beMy aKTHBHOH 30Hbl, M0)KH0 BbipaBHHBaTb 3HeprOBbl­

AeJieHHe. KoHe4HO, BCJle.UCTBHe MeHhWero Ga Ha .s1.npax 
99

Tc (no cpaBHeHHfO C 
167Er) 803M0)KH0CTJ,f 

BbtpaBHHBaHHSI )HeproBbl.UeJieHHSI pa.3Mell{eHHeM TeXHeUHSI MeHbWe, HO B npoeKTax PEMK C M0-

AepHH3HpOBaHHOH rpacj>HTOBOH KJia.UKOH 11 MK3P 3p611~ 0TCYTCTByeT. 
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3. BapuauTbI pa:iMemeuHH TexuenHH, no.z.Jie)Kamero TpaucM}'Tanuu 

TexHeQHH, IlO)Ule)KaLQHH TJ)aHCMyrau;HH, MO)KHO pa.3MeCTHTb B TOfIJIHBe HJIH B nycTb)X KaHa­

nax rronepe'-IHhlM ce'i.eIDleM I 02,5 MM, o6pa.30BaHHblX MO,UepHH3HpOBaHHOH rpaq>HTOBOH KJla,LI.KOij 

V 6110Ka KypcKoH A3C. IlpH nepsoM sapHa.HTe pa.3MemeHIDI 
99

Tc s PEMK MO)KHO JJ.O)l(HraTb OT­

pa6oTaHHoe .su~epHoe TOfIJIHBO BB3P BMeCTe C COJJ.ep)KalUHMCjl B HeM IlJiyrOHHeM H 
99

Tc, T.e. He 

BbI,lleJUUI 
99

Tc npH nepepa60TKe TOfIJIHBa. HaJlH'-IHe 
239

Pu B TOfIJIHBe rrpHBO)lHT K ynyl.filleHmo HeH­

TJ)OHHOro 6anattca 3a ClJeT ysenw1eHHJ1 VJ-

IlpH BTOpOM sap1rnHTe pa3MemeHHjl rpaq>HT0B8jl KJia,[{Ka HrpaeT pOJib JIOBYWKH TefIJIOBbJX 

HewrpOHOB ( CJn,y ---+ max), a nycTbie KaHanbI - Kattan OB )Uljl o6ny'-IeHIDI o6pa.3QOB s HeKOTOpbIX HC­

CJie)J.OBarem.cKHX peaKTOpax. IlpH 3TOM eCTb B03MO)KHOCTb H3BJie"l:eHHJI HJIH 3aMeHbl CTep)l(HeH C 
99

Tc. TeXHeQHH MO)KeT HaXO)J.HTbCjl B nonocrnx, o6pa.30BaHHblX MO,nepHH3HpOBaHHOH rpaq>HTOBOH 

KJiaJJ.KOH, s TetJ.eHHe scero cpoKa 3KcnnyaTaQHH PY, nocTerreHHO TJ)aHcMyTHpyjlcb s cTa6HJibHbrij 

crra6orrornomruorn;HH HeHTJ)OHbl 
10

°Ru. IlpH 3TOM 
99

Tc cne.[{yeT 3aKJIJOlJHTb s 06011ot.JKy ITT anlOMH­

HIDI HJIH HHKeJijl, (Eonee HHTeHCHBHOe rrornow;eHHe HeirrpOHOB HHKeJieM KOMneHCHPYeTCjl TeM, 

lJTO HHKeJib JIYllWe y.nep)KHBaeT 
99

Tc ,ll8)Ke npH MeHhmeH TOJIIqHHe o60JIO'i.KH.) 

4. Pe3yJibT3Tbl pac-..eTHblX HCCJie.r.ouauuii 

Pact-ieTHbie Hccne)loBaHIDI rrpose,lleHbI no nporpaMMe WIMS-D4 )UIR 6ecKoHe1.fHOH peweTKH 

TOilJIHBHblX KaHanOB (T.e. 6e3 yqeTa yretIKH HeHTpOHOB), lJTO COOTBeTCTBYeT KOHCepBaTHBHOH 

OQeHKe naposoro 3q>q>eKTa H K03q>q>Hu;HeHTa peaKTHBHOCTH. 

MccJie)J.OBanocb H3MeHeIDle rraposoro K03q>q>HQHeHTa peaKTHBHOCTH npH pa.3HbIX 3Hat-iemrnx 

Maccosoro napoco,llep)KaHHJI : 0; 7,5; 14,5 H 22 % H 3q>q>eKTa peaKTHBHOCTH rrpH noJIHOM o6e3BO­

)KHBamrn TOilJIHBHOro KaHana PEMK C MO,llepHH3HpOBaHHOH rpaq>HTOBOH KJia,LI.KOH. ,nrn1 PY 
MK3P mar pa.3MemeHHjl TOilJIHBHblX KaHanOB npHHHManCjl paBHl>lM 225 MM, cpe.n;Hee Maccosoe 

rrapoco.n;ep)KaIDle 27,9 %. 
PaccMaTpHBaJIHCb sapHaHTbl aKTHBHOH 30Hbl 6e3 cneuHanbHO pa.3MeIUeHHoro B HeH 

99
Tc, C 

99
Tc B nyCTbIX KaHanax rpaq>HTOBOH KJia,LI.KH (TeXHeQHeBbie CTep)Kfilf ,llHaMeTJ)OM l O MM B anlOMH­

HHeBOH o6oJIOtfKe) H C 
99

Tc, pa.3MemeHHbIM HellOCTJ)e,llCTBeHHo B TOilJIHBe (8 Kr Ha l TOfUIHBHbIH 

Kattan, co,nep)KalUHH 18 TB3JIOB ). 

Pa.JMemeHHe reXHeu;l{jl s norrocTIX rpaq>JITosoii KJiaJJ.KH PEMK c o6orameHHeM TOilJIHBa 2 % 
no 

235U npHBOAHT K CHH)KeHHlO naposoro 3q>q>eKTa peaKTHBHOCTH Ha 1/3 p. EcJIH 
99

Tc pa.3MeCTHTb 

B TOnJIHBe TaKOfO peaKTOpa, TO napOBOH 3q>q>eKT CHH3HTCjl rrpH6JIH3HTeJibHO Ha p. ,n1rn BbiropeB­

wero TOfIJIHBa (1 ro,ll pa60TbI peaKTopa Ha MOIUHOCTH) 3TO ,naeT CHH)KeHHe rrapoaoro 3q>q>eKTa Ha 

1,5 H 3 p, COOTBeTCTBeHHO. 

YBeJIHqeHHe o6orameHH,II TOfUIHBa )lO 3 % rrpHBO.LJ:HT K yMeHbWeHHIO rraposoro 3q>q>eKTa H 

K03q>q>HQHeHTa peaKTHBHOCTH. Pa.3Memem1e TeXHel.{HJI B IlOJIOCTjl){ KJia)J.KH H TOfUIHBe npHBOJJ.HT K 

.n;onOJIHHTeJibHOMY CHIDKeHHJO naposoro 3q>q>eKTa B Hat.J.ane KaMnaHHH rrpH6JlH3HTeJJbHO Ha 0,5 p H 

l p, C00TBeTCTBeHHO. qepe3 1 ro.n pa60Tbl peaKTOpa Ha MOIUHOCTH .LJ:OilOJIHHTeJlbHOe CHH)KeHHe 

naposoro 3q>q>eKTa paBHO I H 2 p npH pa.3Mememrn TexHeQHjl B nOJJOCTjlX KJJa,llKH H TOilJJHBe, c o­

OTBeTCTBeHHO. 

ITpH o6orameHHH TOilJIHBa 3 % no 
235U H MaCCOBOM napoco,nep)KaHHH 22 % s TOilJIHBHOM Ka­

Hane PEMK (sepXH,lljl 'i.aCTb aKTHBHOH 30Hbl) npH pa.3MemeHHH 
99

Tc B IlOJJOCTSIX rpaq>HTOBOH 

KJia.LJ:KH CKOpOCTb TJ)aHcMyral..{HH 
99

Tc COCTaBJijleT OKOJJO l O r / ro.n Ha OAH)' nOJIOCTb. 

TeXHeQHH, IJO)Ule)KalUHH TpaHcMyral.{HH, MO)KHO pa.3MeLUaTb He no BCeH BbICOTe aKTHBHOH 

30Hbl. 3aBHCHMOCTb OT napoco,llep)KaHHJI B TOilJIHBHOM Kattane Il03B0JljleT BbI6paTb OilTHManbttylO 
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,coop.zurnaT)' .UJUI pa3MeLl.l,eHHjj 99Tc. (3nfM MO)KJ-10 BOCflOJlb30BaTbCj[ .llJl.s! BblpaBHHBaHH.SI 3Hepro­

Bbl.lleJieHHjj no BblCOTe.) Tip11MeHID1 CTep)KHl,f, co.uep)Kall.u1e 
99

Tc, pa3Horo .UHaMe-rpa B pa3JIH4HblX 

KaHaJI3X PEMK MO)KHO MI1HHMH3HpOBaTb napoBOM K03cpcp111..u,1eHT H K03cpcpHL{HeHT HepaBHOMep­

HOCTH 3HeproBbl,UeJieHHSI no pa.u11ycy ah.'THBHOM 30Hbl. 

TTpH pa3Mem;eHHH 
99

Tc Henocpe.ucTBeHHO B Tonmrne PEMK c Mo.uepHH3HposaHHOH rpacpHT0-

80w KJla,llKOH (8 Kr Ha 1 TOflJIHBHbIH Kattan) CKOpOCTb TPaHCMYTaU,HH paBH.SleTCSI OKOJlO 45 r 99Tc B 

ro.n Ha 1 TonmrnHbIH KaHan. Attanontl.fHbie pe3yJibTaTbI no11yl.laIOTCS1 .unsi PY MK3P. 

Hcc11e.uosaHHS1, npose.ueHHbie .unsi PY MK3P <!>opc11posaHHoH MOUlHOCTH (MK3P- l 500 c oT­

HOcHTeJlhHO BbICOKHM ( 4 % ) 06orruuem1eM no 
235U), noKaJan11, 4:TO .llaJlbHei-iwee yse11w-1em1e 060-

ramemu1: Ton1111sa H napoco.uep)Katt11si MO)KeT np11secT11 K cMeru.em-110 cneKTpa peaKTopa B o6nacTb 

nepsoro pe3ottattca B ceYeHHH pa.n11au,110Httoro 3axsarn ttethpotta Textteu.11eM 11 ysen1-1Yett1110 na­

posoro K03cpcpHUHeHTa peaKTHBHOCTH. TTpH pa3MemeHJ-m 
99

Tc B Tonmrne peaKTopa MK3P-1500 

npH o6orameHHH Tonn11sa 4 % H MaCCOBOM napoco.n.ep)KaHHH 27,9 % CKOpOCTb TpaHCMYTal..{l,fH 
99Tc - OKOJ10 I 00 r/ro,u npH 3arpy3Ke 8 Kr TexHeUHSI Ha 1 TOnJlHBHblH Kattan. 

TaKHM o6pa3oM, .llMbHeiiwee y)KeCT4eHHe tteHTpOHHoro cneKTpa so,uorpa<!>1noaoro peaKTopa 
- "T V npHBO.lll1T, C 0.llHOH CTOpOHbl, K yseJlH4eHHIO CKOpOCTH Tp8HCMYT8UHH c, C .upyro11, - K yseJ1H-

4emuo naposoro 3$cpeKTa 11 K03cpcpm.1,11e11Ta peaKTHBHOCTH. 

3aKJ110lfCHHe 

Oco6eHHOCTH, cs.si3aHHble c pa3Mell.l,eHHeM 
99

Tc B aKTHBHOH 30He P6MK c Mo.uepHH3HposaH­

HOH rpacpHTOBOM Kna,llKOH 11 MK3P, SIBJlSIIOTCSI cne,UCTBHeM Sl,UepHO-cpH3Hl.!eCKHX CBOHCTB TexHe­

U,HSI: I) B03MO)KHa TpattcMYTaUHSI 
99

Tc; 2) 99Tc - cna6osb1ropa10L1.J,11H nornoT11TeJ1h, T.e. OT4aCTH 

MO)KeT 3aMeHHTh 167Er; 3) 99
Tc cnoco6cTByeT MHHHMH3aU,HH naposoro K03cpcpHl..l,HeHTa peaKTHBHO­

cn1; 4) onTHMH3aUHSl pa3Meu.r.eHHSI 
99

Tc B aKTHBHOH 30He MO)KeT cnoco6cTBOBaTb BblpaBHHB8HHIO 

3HeprOBbl,Uenemrn; 5) MaKCHMH3aLJ,HSI CKOpOCTH TpaHCMYTaLJ,HH TexHeLJ,HSI 11 Ml1HHMH38J..lHSI napo­

BOfO 3cpcpeKTa peaKTHBHOCTH HOCSlT KOHq>JlHlffHblH xapaKTep. 

KoHmaKm11aJl C<JR3b - Ep.HOflllll B.rnomwp Cep2ee<111'I, me:, · ( -195)263-65-79; e- mail: vladimirermolin 
@mail.ru, en7@power.bmstu.ru 
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AHHOTAl{HII IIPOrPAMMHblX CPE,IJ;CTB, 
ATTECTOBAHHblX POCTEXHA,Il;30POM P<I> 

IIPOrPAMMA CTAP-1 

TipHBe,neHo on11caH11e nporpaMMhI CT AP- I JlJUI cTal..l,HoHapHoro TenJIOrHJ1pruuiH1-1ecKoro pacqeTa peaK­
TOpa H l KOHrypa. 

The STAR-I code. E.I. Levin, V.P. Yagov, V.N. Lubyanko, V.V. Babykin, I.A. Voronkov. It is de­
scribed ST AR- I for stationary thennohydraulic calculation of reactor and primary coolant circuit. 

1. HA3BAHHE IIPOrPAMMM 

TiporpaMMa .um1 3BM - cTaUHOHapHblH Tennonr.npasJmtJeCKHH pactJeT peaKTopa HI Komypa. 

2.3BM 

IBM PC-486, Pentium. 

3. IlOCT AHOBKA 3A,[(A l(H 

IlporpaMMa CT AP-1 npe,nHaJHal.fetta .nm1 Tennorn.npaBJil{l-leCKHX pacLieTos peaKToptthIX ycTa­

HOBOK (PY) C BO.lJ,O-8O.lJ,jlHblM 3HepreTHt.JeCKHM peaKTOpOM (BB3P) B CTaUHOHapHblX pe)KHMax 

pa60Tbl. IlporpaMMa npOH38O.lJ,HT: 

- pactJeT pe)KHMOB PY Ha pa3JIH'-1Hb)X ypoBHjlX MOUJ.HOCTH C pa3HbIM l.fHCJIOM nO.lJ,KJIIOt.JeHHblX 

1..1,HpKyJijlUHOHHblX neTeJib, BKJII048jl pe)KHMhl C o6paTHhlM TOKOM TernTOHOCHTeJijl 4epe3 neTJIH C 

OTKJIIOt.JeHHbJMH rnaBHhIMH UHPKYJijlUHOHHbJMH HacocaMH (fUH); 
- paCLieT pe)KHMa pa60Tbl PY Ha H)'JieBOM ypOBHe TenJIOBOH MOUJ.HOCTH; 

- pacl.feT TennorH.upaBJJH4eCKHX xapaKTepHCTHK aKTHBHOH 3OHhl (a.3.) peaKTopa (6e3 UHPKYJi jlUH-

OHHbIX neTeJih); 

- nOHCK TenJJOBOH MOWHOCTH peaKTopa, npH KOTOpOH ,llOCTHraeTCjl KpH3HC TenJIOOTD.84H B a.3. 

npH nOCTQjlHHOM pacxo.n;e. 

Ilpe.uycMOTpeHa BO3MO)KHOCTb YLieTa CJie.LJ;ylOWHX q>aKTopos: 

• pa3JIH4HjJ reoMeTpH4eCKHX H rn.apaBJIH4eCKHX xapaKTepHCTHK OCHOBHOro o6opy.LJ.OB8HHJI ne­

TeJib (fQH, Tpy6onposo.n;os, naporettepaTopos - ITT)· 
• HaJIHtJH.jJ nepcpopaui11-1 Liexnos pa6o4HX KacceT (PK); 
• npoTel.!eK TenJIOHOCHTem1 4epe3 na6HpHHTHble ynnoTHeHHjl TenJIOBbJ.lJ,eJijlfOUJ.MX c6opoK 

(TBC) M Me)KKacceTHhre 3a3Ophr; 

• BO3MO)KHOCTb KOMnJieKTaUHH a.3. PK H TBC C pa3JIH4Hb1MH 3HeproBbl.lJ,eJieHI-ieM H reoMeTpH-

4eCKHMH H rn.upaBJIH4eCKHMH xapaKTepHCTHK8MH. 

B pe3ynoTaTe paC4eTa no nporpaMMe MOryT 6bITb nonyLieHhl cne.n;y10wHe .n.attHbte: 

- pacxo.u TennoHOCHTeJijl qepe3 peaKTop H pacnpe.uenettHe pacxo.uos no neTJtjJM I Kottrypa 11 Ka­

ttanaM a.3. ; 

- pacnpe.aeneHHe CTaTH4ecKoro .uasneHHjl H nepena.LJ.OB .uasneHHjJ Ha 3JieMeHTax peaKTopa HI 

KOHTypa; 

- ttanop H no.aaqa n .~H (pa6ocirui TOLIKa); 

- pacnpe)J.eJieHHe TeMneparyp (3HTaJibnHH) TenJIOHOCHTeJijJ no TpaKTy UHPKYJijJL(HH; 
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_ K03q>cj:m1.vteHTbl 3anaca .uo KpH3HCa TeITJlOOT,Ua4H - MHHHMaJI.bHbre OTHOUieHmr KpHTH4eCKoro 

,_e[lJJOBOro noTOKa K JlOKaJlbHOMY ( onpe.uern110TC.!I KOHCepBaTHBHO C y1.JeTOM HH)f(eHepHbTX K03q>­

cpHU.HeHTOB 3anaca H norpeUIHOCTeH 3aMbIKalOW,HX COOTHOUieHHH ). 

4. METO,ll PEUJEHIDI 

CHcTeMa ypasHeHHH, OITHCbIBaIOW,a.!I peaI<Top H I K0HT)'p, peUiaeTC.!I npH ITOMOW,H pa3H0CTHO­

ro attanora MeTO,lla HblOTOHa, a CHCTeMa HCX0,llHbTX HemrneHHblX anre6pa111.JeCKHX ypaBHeHHH 

OTHOCHTeJlbHO np11paw,eHHH HeH3BeCTHblX - C IT0MOW,blO CTaH.uapTHOH npoue.uypbI. 

A6cOJUOTHa.!I norpeUIHOCTb peUiemI.11 o6w,ei1 CHCTeMbl ypasHeHHH MeTO,llOM HblOTOHa (seJlH-

1.fHHa MaKCHMaJlbHOH HeBjl3KH) paBHa 0 ,0 I , a ypaBHeHH.sl' TenJiorrepe.ua4H B rrr - 0 ,001. MaKCH­

MaJlbHOe KOJTH4eCTBO HTepaUHH npH peUiemrn o6w,eH CHCTeMbl ypasHeHHH paBHO 20. 

s. orPAHWIEHIDI CJIOJKHOCTl13A.l(A11lt 

IlporpaMMa CTAP-1 opHettn1posatta Ha pac4eT PY THrra BB3P. TeruIOBhIJleJrnt0lll,~ 4aCTh 

TB3J10B pa36HBaeTCJI MaKCHMYM Ha 60 y4aCTKOB no BblCOTe. MaKCHMaJlbHOe 4.HCJlO rpynrr UHpry­

Jl.llUHOHHhlX neTeJTb - 8. MaKCHMaJlbHOe 4Hcno Kattanos a.3. (PK H APK) - 60. 

OrpaHH'-t:eHHJI rrpHMeHHMOCTH no OCHOBHblM napaMeTpaM OXBaTbIBaJOT ,llHafla30Hbl pe)f(HMHbIX 

napaMeTpos PY c BB3P-440, BB3P-1000 H nepcneKTHBHbIX PY c BB3P: .uannettHe 0, I ... 20 

MTia, 3HTaJ1hnm1 40 ... 1 800 K)vK/Kr, TeMrreparypa 10 . .. 360 °C. 

6. THIIH11HOE BPEMR CY.ET A 

BpeMJI C4eTa no nporpaMMe 3aBHCHT OT: 

• 6bICTpO.UeHCTBml HCITOJlh3yeMOH Il3BM; 

• HCXO,llHblX .uaHHblX paCC4HTblBaeMoro sapHaHTa (4HCJla rpynn PK H APK, 4.HCJia neTeJib C 

BKJIJ04eHHblMH H OTKJTI04eHHblMH fll,H, 4HCJ1a y4aCTKOB pa36HeHHJI TB3Jla no BblCOTe ); 

• t.JHCJla HTepaUHH, o6ecne4HBaIOW,HX Tpe6yeMyIO T04H0CTb. 

7. OCOliEHHOCTH IlPOrP AMMhl 

llporpaMMa rrpe,UHa3Ha4eHa ,UJIJI pac4eTa CTaUHOHapHbTX pe)f(HM0B B HOpMallbHbTX ycJlOBHJIX 

3Kcrmya-raumt. 

8. BCOOMOrATEJihHhlE 11 COilYTCTBY10ll.U1E ITPOfPAMMbl 

9. COCTO.HHHE IlPOfPAMMhl 

IlporpaMMa HaX0,llHTCJI B npOH3B0,llCTBeHHOH 3KCnJiyaTaUHH, BKJII04eHa B O<I>Ail-~, arrecTa­

lU-I0HHblH nacnopT r AH P<I> N!:! 127 OT 12.04.200 I r . 

10. CCblJlKM 

I. J03a H. YpasHeHH.!I ,llJl.!I TepMO.llHHaMH4eCKHX CBOHCTB BO.Ubl H B0.[J..!IHOro napa, npe.lI,Ha3Ha4eH­

HbJe .lJ,Jl51 Bbl4HCJlHTeJlbHblX MaUIHH // TenJl03HepreTHKa, N!:! I , I 967. 

2. CMo!luH B.M. KpHTH4eCKHH Tennosoi1 noTOK npH npo.uonbH0M o6TeKaHHH ny4Ka cTep)f(tteH // 

TeITJioJHepreTHKa, N!:! 4 , I 967. 

3. Tonz n. KpH3HC KHITeHH.!I H KpHTHtteCKHH TeITJlOBOH noT0K. - M .: ATOMH3.lJ,aT, l 976. 
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4. Ee3pyK06 IO.A. u op. 3KcnepHMeHTaJlbHOe HCCJle;::i;osaHHe H CTaTHCTHl.feCKHH aHaJJH3 ;::i;aHHblX 
no Kp1-1311cy rnn11006MeHa s nyY.Kax cTep)f<HeH J];JlSI peaKTopos BB3P II Ten1103Hepren1Ka, N~ 2, 
1976. 
5. OCAtQI/Kll/1 B.C. 11ccne;::i;osaHHe Tennorn;::i;paBJ1H4eCKHX xapaKTepHCTHK MO.UeJleH T0nllHBHbrx 
c6opoK peaKTopos s l1A3 HM. H.B. Kyp4aTosa I C6 . .uoKJ1a.uos ceMHHapa C3B " Hccne;::i;osamu1 
KpHTH4eCKHX TeITJl0BblX n0T0K0B B ny4Kax CTep)f<HeH", MocKBa 1974. 
6. Acmaxoe B.H. u op. Hccne.uosaHHSI BJIHSIHHSI npoq>HJUI Tenn0Bbl,!leJleHHSI no J];JlHHe Ha KpH3HC 
Tennoo6MeHa s nyl.fKax cTep)f(HeH I B KH . " CeMHHap T<l>-78", C3B, Ey;::i;aneaIT, 1978. 

11. TPEliOBAHJUI K 3BM 

OnepaTHBHasi naMSITb He Mettee 8 M6. 

12 . .H3hlKlf IlPOrP AMMHPOBAHH..H 

13. OilEPAU,HOHHA.H ClfCTEMA 

MS-DOS-6.22 + NDP 4.0. 

14 . .LlOilOJIHfilTEJihHA.H UH<I>OPMAU,IDI 

TecTOBblH (KOHTpOIIbHbltt) sapHaHT. 

15. ABTOPM IIPOrP AMM.bl 

E.H. JleBHH, B.IT. 5Iros, B.H. J1y6sittKO, B.B. Ea6bIKHH, 11.A. BopottKOB, 
<I>rYIT OKE 'TH,WOITPECC". 

16. filMEIOll{HEC.H MATEPlfAJlhl 

ITporpaMMa H 0ITHCaHHe npHMeHeHml. 

17. PYliPfil.KH H KJllOl.JEBhlE CJIOBA 

C, H; peaKTop, I K0HTYP, peaKT0pHasi ycrnH0BKa, aKTHBHasi 30Ha, pa6o4asi KacceTa, TBC, TB3JI . 

IIPOrPAMMA KJIACT 

TTp1,rne.neHo om1cam1e nporpaMMbJ KJlACT iuu, pactieTa 11.11HaMH11eCKHX xapaKTepHCTHK opraHOB pery-
1rnpoeaH1H1 (OP). 

The KLAST code. V.I. Abramov, A.G. Tkachenko. It is described the code KLAST for calculation of 
dynamic characteristics of VVER-1000 control clusters. 

1. HA3BAHIIE nrorPAMMhl 

OporpaMMa JJ;J1S1 IT3BM - pacYeT .!lHHaMH4eCKHX xapaKTepHCTHK OP. 
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2.3BM 

IBM PC-386, 486, Pentium. 

3. OOCTAHOBKA 3A,aAtJH 

IlporpaMMa KJIACT npe)J.Ha3HaqeHa JJ.Jl.11 rrpoee.neIDU1 pacqe-ra )J.HHaMHqecKHX xapaKTepH­
CTHK opraHOB pery1rnpoeaHID1 CY3 peaicropoe TKna BB3P-1000. B nporpaMMe onpe.nerunoTc.11 
cne;zy10m"He )J.KHaMwrncKHe xapaKTepHCTHKH OP CY3: npoii.neHm,m nyn,, cKopocTh nepeMeme­
HIDI, ycKopeHHe, ycHJ1H.11 H TeKYmHe neperpY3KH, .neifoTBy10mHe Ha OP CY3, KaK cpyHKLlH"H epe­

MeHH. 

B OCHOBY nporpaMMbI noJIO)l(eHbI o6meH3BeCTHble ypaeHeHH.11 )J.BK)l(eHIDI H rn.npaBJIHKH. 
YpaeHeHHe )J.BK)l(eHIDI npe.ncTaBJUleT co6oii 6anauc cHJI, .n:eiicTByIOmKX Ha OP CY3 B npouecce 
ero na.neHH.11 H .neMn<pHpoeaHHSI, a ypaeHeHHe rn.npaBJIHKH - 6anauc nepena.noe .naBJieHHH Ha yqa­
CTKaX Kauana OP CY3. 

CHCTeMa ypaBHeHHH .n:ononHSleTC.11 3aBHCHMOCT.IIMH )J.JISI pacqe-ra CHJI, .neHCTByIOll(KX Ha OP 
CY3 BO BpeM_jl ero na.neHIDI 1-1 .neMn<pHpOBaHIDI H BXO)J.Slll(KX e ypaeHeHHe )J.BK)l(effHjl, a TaK)l(e 
3aBHCHMOCTS1MH JJ.Jl.11 pacqe-ra rH)J.paBJIKl.{eCKHX nOTepb Ha yqacTKax Kauana OP CY3, BXO)J.Slll\HX B 
ypaetteHHe rn.npaBJIHKH. 

,l(.rul ttyJieBoro MOMeHTa BpeMeHH 3a)J.aIOTCSI Hal.{aJibHbie CKOpOCTb H KOOp)J.HHaTa nOJIO)l(eHIDI 

OP CY3 no Bb1core. OrpaHw-1eHHe npouecca nepeMemeHIDI OP CY3 B nporpaMMe ocym.ecTBJISl­
eTCSI 3a)J.aHHeM B HCXOJJ:HbIX )J.aHHbIX npe)leJlbHOro 3Ha1.{eHH.II KOOpJJ.HHaTbl JJ.Jl_jl ffH)l(Hero nOJIO)l(e­
HIDI OP CY3, npH )lOCTK)l(eHHH KoTopoH npouecc cqeTa npeKpamae-rcS1. 

fH)J.paBJIW{eCKHe YCHJlHSI Ha UJTaHre Yt.JJffhlBaIOTC.11 KaK cpyHl(l.{IDI OT CKOpOCTH H KOOpJJ.HHaTbI 
nepeMemeHIDI llITattrH WHJlH OT neperra.na .naBJieHIDI Ha UJTaHre. ITepena.n .n:aBJieHIDI H rH)lpaBJIH­
qecKHe YCHJlIDI Ha nornoma10meM CTep)l(ffe (TIC) 38BHC.IIT OT CKOpOCTH )lBK)l(eHHjl H KOOpJJ.HHaTbl 
nepeMemeHIDI TIC H nepena.na JJ.aBneHIDI Ha aKTHBHOH 30He. 

4. METO.l( PElllEHIDI 

,lvISI perneHH.11 ypaeHeHHH, onHCbIBaIOll(KX npouecc nepeMemeHIDI OP CY3 eo speMeHH, Hc­
nom,3ye-rcS1 HTepaUHOHHblH MeTOJJ. H.bIOTOHa (1], B K0TOpOM JJ.Jl.11 ynyqllleHH.11 CXO)lHM0CTH H o6ec­
neqeHIDI TPe6yeMOH ycTOHlJHBOCTH lJHCJleHHl,LX perneHHH war HTepauHii .neJIHTC.11 nonoJiaM. Toq­
HOCTb CXO)lHM0CTH pact.JeTHl,IX eemtt.JHH npH HTepauiux C0CTaBMeT 0,01 % no CKOpOCTH OP CY3 
H 0,00 I % no nepena.ny )J.aBJieHH.11 Ha aKTHBHOH 30He npH perneHHH ypaBHeHIDI rHJJ.paBJIHKH. 

S. OrPAU:HtJEHIDI CJIO)KHOCTH 3A..nAtJH 

ITporpaMMa KJIACT opHeHTHposaHa Ha pacqe-r )lHHaMHt.JeCKHX xapaKTepHCTHK OP CY3 pe­
aKTopos THna BB3P-1000. 

6. THIIHl.JHOE BPEMn Ct{ET A 

BpeM.11 C'-leTa 3a)J.alfH onpe.LJ,emleTC.11 3a.LJ,aHH.blM MaKCHMaJibHblM 3Hat.JeHHCM q>H3Kl.{eCKOro epe­

MeHH rrpoQecca, 3a.LJ,aHHblM rnaroM HHTerpHposamu1 H 6bICTpO.ll,eHCTBHeM HCITOJib3YCMOH 1138M. 

BpeM.11 c1-1e-ra KOHTp0JibHOro eapHaHTa - 1 c Ha Il3BM Pentium 11-MMX. 
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7. OCOliEHHOCTH IlPOrPAMMhl 

TTporpaMMa onpe.LJ.eJUleT .LJ.HHaMw-1ecK.He xapaKTepHCTHKH OP CY3 B npouecce na.LJ.eHH$1 H 
.LJ.CMnqmpoBaHH_jj npH cpa6aTbIBaHHH aaapHHHOH 3aIIJ.HTbl B npoeKTHbIX pe)KHMax pa60Tbl (pe)KH­
Max H3, HH3, asapHHHblX pe)KHMax pa3pbIBa rI . .J;T H qexna npHBO.LJ.a). Ec1rn B npouecce .LJ.eMnqrn­
posaHH.11 OP CY3 Bb1611paeTC.sl n0JIH0CTblO 3anac X0.LJ.a )1.eMnqmpyIOUJ,HX npy)KHH, np0HCX0JJ.HT 
coy.LJ.apeHHe OP C nJIHTOH roJI0BKH KaCCeTbl. Ilpouecc coy)lapeHH_jj 0THOCHTC$1 K 3a)lal.laM npollHO­
CTH H B ttacTo.s1w.eii nporpaMMe He paccMaTpHBaeTc.s1. OrpaHH~ettHe npou.ecca nepeMeUJ,eHH_jj OP 
CY3 B nporpaMMe ocyw.ecTBmleTC.!l 33)1.aHHeM B HCX0.LJ.HblX JJ.aHHblX npe,[J.eJibHblX 3Ha1.1emrn KOOp­
)1.HHaT noJIO)KeHH_jj OP CY3 no BbICOTe. MaTeMaTHtiecKrut MO)leJib pa3pa6oTaHa JJ.ml ycnoBHH OJl­
HO<pa3Horo TenJIOHOCHTCJUI. 

8. BCOOMOrATEJihHhIE JI COOYTCTBYIOllJ,JIE IIPOrPAMM.bl 

9. COCTOfillHE DPOrPAMMhl 

TTporpaMMa HaxO,[J.HTC.!l B OITblTHO-npOMbIWJICHHOH 3KCnnyaTaU.HH, BKJIIOlleHa B O<I>ATT-JIP, 

aTTecTauHoHH1>1H nacnopT r AH P<I> N!! 128 OT 12.04.200 I r. 

10. CCbl.JIKH 

1. KMumKUH H.H. tfacnettm,ie MeTOJJ.bl. - M.: HayKa, 1978. 

11. TPEliOBAHIDI K 3BM 

OnepaTHBHrut naMJITb He Mettee 640 K6. 

12 . .H3bIKH IIPOrPAMMHPOBAHIDI 

TURBO-PASCAL-5.5. 

13. OilEPAIUIOHHAA CHCTEMA 

MS-DOS-6.22, WINDOWS-95. 

14. ,ll.OilOJIJlllTEJll,HA.H HH<l>OPMAI.OUI 

TecTOBblH (KOHTpOJibHbIH) sapHaHT. 

15. ABTOPhl IlPOrPAMMbl 

B.H. A6paMOB, A.r. TKal.leHKO, <I>fYD OKE " IB,[{POIIPECC". 

16. HMEIOllJ,MEC.SI MATEPHAJlhl 

OnHCaHHe nporpaMMbl H npHMeHeHHJL 

17. PYliPMKH H KJIIOl.lEBhlE CJIOBA 

C, H; JJ.HHaMH4eCKHe xapaKTepHCTHKH, CKOp0CTb nepeMeUJ,eHH$1, BpCM$1 na,[J.eHH.11, opraHbl pe­
rynHpoBaHH$1, aKTHBHa.!l 30Ha, pe)KHMbl pa6oTbl. 
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IIPOrPAMMA IlY'IOK-1000 

IlpHBe.neHo onHcaHHe nporpaMMbl fTYlIOK-1000 Jl)UI pacqeTa Janaca .ao KpHJHca reITJioorna'Uf B nyq­
Kax rennOBbI.lleJHIJOillHX CTep)l(Heit 

The PUCHOK-1000 code. E.I. Levin, V.I. Abramov, Yu.M. Konoval'tsev, E.V. Glubokova. It is de­
scribed the code PUCHOK-I000 for departure from nucleate boiling ratio (DNBR) calculation in fuel rod 
bundle. 

t. HA3BAHHE IlPOrPAMMhl 

IlporpaMMa .L(lll I13BM - pac'-le-r 3anac0B JJ.O KpH3HCa TenJJOOTJJ.alfH B nyq](ax TennoBbIJJ.e­

mnomHX cTep:>KHe.H. 

2.3BM 

IBM PC-486, Pentium. 

3. IlOCT AHOBKA 3NJ:A llH 

il)'1.fOK TeruIOBbl)J.eJHUOlllHX CTep:>KHeH (:meMeHTOB) paCCM8TPHB8eTCj{ KaK CHCTeMa B38HMO­

.ueHCTByK>lllHX napaJ1JieJibHblX KaHaJIOB (_gqeeK). KIDK.naJI j{lfeHKa B cel!emm 11)'1.fKa Bbl}].eJij{e'fCSI 

TBep,n:oH nosepXHOCTb}O TeruIOBbl)J.eJIRIOlllHX CTep)KHeH, .upyrHX 3JieMeHTOB, lfeXJia c6opKH H He­

KOTOpoH q>HKTHBHOH nosepXHOCTb}O p83.nena. 

PaCCM8TPHB8eTCSI npOJJ.OJibHOe o6TeKaHHe TenJIOBbI}].eJIRIOIUHX CTep:>KHeH TenJIOHOCHTeJieM 

(BO)J.OH HJIH napOBO)J.j{HOH CMeCb}O ), KOTOpblH no.norpeeae-rc_g 38 C'-leT Teruia, BbI)leJUleMoro B 

CTep)KHJIX 11)'1.fKa. TipH 3TOM paccqHTbl88}0TCj{ JIOKaJibHble napaMeTpbl TenJJOHOCHTeJij[ B SllfeHKaX 

ll)"IK8 H 8HaJIH3HpyeTCSI B03MO)KHOCTb B03HHKHOBeHIDI KpH3HCa TenJI006MeHa B 11)'1.fKe CTep)KHeH. 

B MeTO)lHKe npeJJ.yCM8TPHBae-rc,i: B03MO)KHOCTb onpe.neJieHHj{ TeKymero H MHHHMaJibHOro K03cp­

!pHUHeHTOB 3anaca JJ.O KpH3HCa TenJIOOT)la'-IH no BblCOTe H Ce'-1.eHHJO 11)'1.fKa C HCnOJib30BaHHeM 

pa3JIHtiHblX KOppelUIU.HH )lJIJI KpHTH'-leCKOro TenJIOBOro noTOKa. Ilo.u K03cpq>HU.HeHTOM 3anaca )J.0 

KpH3HCa noHHMae-rc,i: OTHOWeHHe KpHTH'-1.eCKOfO TeIDIOBOro nOTOKa, onpe.u.eru1eMoro .ll,JUI JIOKaJib­

HbIX napaMeTpOB TenJIOHOCHTe11,i:, K JlOKaJibHOMY .u.eHCTBHTeJibHOMY TenJIOBOMY nOTOKY B )].8HHOM 

Ce'-leHHH no BblCOTe H B .ll,aHHOH Rl.feHKe nyl!Ka. 

An,i: onpe.u.eneHHJI JIOKaJibHblX napaMe-rpOB TeIDIOHOCHTeJIJI (pacxo)],a, TeMnepaTYPbI, 3HTaJib­

nHH, napOCOJJ.ep)KaHHJI, IDIOTHOCTH) no BblCOTe H Ce'-leHHJO nylfKa Hap,i:ey C yqe-roM pa3JlH'-1HOH 

reOMeTpHH H o6orpesa Sl'-1.eeK Y'-IHTb[BaJOTCJI cpaKTOpbl ,yp6yneHTHoro nepeMellIHB8HHj{ H KOHBeK­

THBHblX nepeTOKOB TenJIOHOCHTem1 Me)K.lf.y Sl'-leHKaMH. 

4. METO.ll: PEllIEHIDI 

CoCTOJIHHe TenJIOHOCHTeJISI onHCblBaeTCSI ypaBHeHHSIMH coxpaHeHIDI 3Hepnrn, .ll,BH)KeHIDI H 

Hep83pb1BHOCTH. Pacnpe.neneHHe JIOKaJibHblX napaMeTpOB onpeJJ.eJISleTCSI npH peweHHH CHCTeMbl 

ypaetteHHH, KOTOpbie B KOHe'-IHOp83HOCTHOM BH)J.e Ha KIDK,nOM pac'-leTHOM )'1.f8CTKe no BblCOTe Bbl­

PIDKaJOT paeeHCTBO nepena.uos .llaBJieHHSI Ha R'-leHKax H ypasHeHIDI Hep83pbIBHOCTH, ,llBH)KeHHSI, 

3Hepnrn. IlpH pemeHHH ypaBHeHHH npHMeHeH MeTO.ll HTepaUHH C .neneHHeM HHTepsana nonoIIaM 

H C HCnOJ1b30BaHHeM K03q>q>HUHeHTa peIIaKC8UHH .llJISI 06ecne'-l.emu1 Tpe6yeMOH ycTOH'-1.HBOCTH H 

CXO)].HMOCTH HTepaUHOHHOro C'-leTa. 
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B npor paMMe pea.nH30BaHbl MeTO.ll no.114ee1rnoro aHaJIH3a Ten11orH.llpasmr4ecK.Hx xapaKTepH­

CTHK B ny4Ke H onpe)lenettHe Ha OCHOBe JlOKaJibHblX napaMeTpOB 3anac0B .llO KpH3HCa C npHMeHe­

HHeM KoppeAAUHH OKE " fM,L{POIIPECC', CMomrna, ToHra, OcMaCJK.HHa H MttpononbcKoro 

[ 1 ... 5] .D,J1.11 KpHTH4eCKOro TellilOBOfO noTOKa. Bb16op 3aBHCHMOCTH J1,JUI KpHTH4eCKOro TellilOBOro 

noTOKa ocymecTBJI.lleTC.SI B COOTBeTCTBHH C pe:>KHMHbIMH napaMeTpaMH nylfKa C }'l{eTOM npe)leJIOB 

npHMeIDIMOCTH 3THX cpopMyJI. 

5. or P A.Hlfl{EHIDJ CJIO)Kff OCTH 3A,UA lfif 

nporpaMMa IJYlIOK-1000 opHeHTHpOBaHa, rnaBHblM o6pa30M, Ha 3an.a11H TellilOfH.llpaBJIH­

CJeCKOfO paclfeTa Ha)J,e:>KHOCTH OXJIIDK)J,eHH.SI TellilOBbI)J,emnomHX c6opoK H aKTHBHbIX 30H peaKTO­

poB THna BB3P s CTaQHOHapHI,IX pe:>KHMax. CooTBeTCTBeHHO peKOMeHJlYeMa.H o6JiaCTb npHMeHe­

HIDI nporpaMMbI onpe)J.eJieHa npe,nenaMH reOMeTpHlfeCKHX xapaKTepHCTHK H pe:>KHMHbIX napaMeT­

pos aKTHBHbIX 30H THfla BB3P B HOpMa.ribHl,IX ycJlOBH.SIX 3KCnnyaTaUHH. 

IlporpaMMa n03B0llileT npOBO,ll,HTb paclfeTbl .D,J1.11 npOH3B0JlbHOro pa36HeIDI.SI nonepelfHOro ce­

tJeHH.SI nyt.tKa Ha .SllfeHK.H (.LJ.O 1000 HlfeeK) H pa36HeHH.SI no BblCOTe nyt-1Ka (.llO 60-TH yqacTKOB), 3a­

,LJ,aBaTb H npoBO,llHTb paClfeT 3a 0,l(HH UHKJl .LJ.O l 00 sapHaHTOB no pe:>KHMHbIM napaMeTpaM nylfKa 

( MOll.{HOCTH, pacxo,na, ,LJ,aBJieIDtH, 3HTaJibITHH TellilOHOCHTellil Ha BXO,LJ,e ). 

6. TUIIH11HOE BPEMR ClffiTA 

BpeM.11 ClfeTa O,LJ,HOfO sapHaHTa pe:>KHMHblX napaMeTpOB 3aBHCHT OT KOJIH4eCTBa HlfeeK pactJeT­

HOfO MaCCHBa nyiuca, KOJIHlJeCTBa yqacTKOB pa36HeHH.SI no BbICOTe, KOJIHlfeCTBa sapHaHTOB no pe­

:>KHMHblM napaMeTpaM HOT 6bICTpO,LJ,eHCTBH.SI Il3BM . .l(IuI. sapHaHTa, a KOTOpOM nonepeCJHOe ce­

mte nyt.tKa pa36HTO Ha 36 .si:qeeK, a BbIC0Ta nytIKa Ha 25 yt.taCTK0B, speM.11 ClleTa O,llHOro sapHaHTa 

no pe:>KHMHblM napaMeTpaM 3aHHMaeT - 10 c Ha Il3BM IBM PC-486. 

7. OCOoEHHOCTH ITPOrPAMMhl 

IlporpaMMa IJYlIOK-1000 npe.L(Ha3Ha11eHa JJ.JUI paclfeTa 3anacos .no KpH3Hca TellilO0T,nalfH B 

nyt.tKax c TellilOBbI)J,eJI.IIIOll.{HMH H Heo6orpesaeMbJMH CTep)l(H.SIMH mo6ou reOMeTpHH s CTauHOHap­

HOM pe)l(HMe npH 3a.LlaHHbJX M0ll.{HOCTH, pacnpe)J,eJieHHH 3HeprOBbI)J,eJieHIDI no cetJeHHJO H BblC0Te 

nyt-1Ka H napaMeTpax TennoHOCHTen.si: Ha axone (pacxo)J., TeMneparypa, )J.asnem1e). TellilOHOCHTe­

JieM CJiy)l(aT He)J,orpeTa.SI .no 3HTaJibITHH HaCblll.{CHH.SI BO,lla HJlH napoBOtI,HHa.SI CMCCb. 

8. BCilOMOfATEJlhHhlE H COilYTCTBYIOllJ,HE IlPOrPAMMhl 

9. COCTO.HHHE TTPOrPAMMhl 

TiporpaMMa HaX0,ll,HTC.SI B npOH3BO,ll,CTBCHHOH 3KCnnyaTaUHH, BKJIIOlfeHa B O<l>ATI-.51P, aTTe­

CTaUHOHHblH nacnopT f AH P<l> NQ 129 OT 12.04.2001 r . 

10. CChl.JIKH 

I. Acmaxoe B.H., Ee3pJK06 JO.A. u op. HccnenosattHe BJIH.HHH.H npocpHJI.11 TeW10Bbit1.eneHH.S1 no 

)])IHHe Ha KpH3HC Tennoo6MeHa B ny4Kax cTep:>KHeH / C6. ,noKJian.os " CeMHHap T<l>-78", C3B, 

Ey.nanewT, 1978. 

2. C.MO/lUH B.H. KpHTH4eCK.HH TenJIOBOH IT0TOK npH npO,ll,OJlbHOM o6TeKaHHH nylfKa CTep)l(HeH // 

T enn oJHepreTHKa, NQ 5, 1967. 

3 . TOHZ n. KpH3HC K.HneHH.SI H KpHTH4eCKHH TenJIOBOH ITOTOK. - M.: ATOMH3,LJ,aT, 1976. 
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4. Oc.Ma'IKUH B. C. Hccne)];OBaHHe TeITJJ0fH.l{paBJU{'leCKHX xapaKTepHCTHK MOJ];eJJeH T0ilJIHBHbIX 
c6opoK peaKTopoa B J1A.3 HM. H.B. Kyp'laToaa / C6. JJ:0KJiaJJ:0B " CeMHHap T<I>-74". - M.: 1974. 
s. MuponollbCKUU 3.JI., Bunozpa0o6a M.H. CTaTHCTHLfeCKHe 3aK0H0MepHOCTH npH HCCJieJJ:oBa­
f{ff.H KpH3HCa TCITJI006MeHa // TenJI03HepreTHKa, N!! 7, 1969. 

tt. TPE.60BAHIDI K 3BM 

OnepaTHBHaJI naM.sJTb He MeHee 4 M6. 

12. H3hIKH IIPOrPAMMHPOBAHIDI 

<I>opTµaH 5 H 77. 

13. OilEPAIJ,HOHILUI CHCTEMA 

MS-DOS-6.22. 

14. )(ODOJIHHTEJihHMI HHcJ>OPMAIUffl 

TecTOBblH (KOHTµOJibHblH) BapliaHT. 

15. ABTOPhl IIPOrPAMMhl 

E.H. JleBHH, B.H. A6paMoa, IO.M. KonoBaJihlleB, E.B. fny6oKosa, 
<I> rYil O KE "fl1,[{POTIPECC" 

16. HMEIOIJ..U{ECH MATEPHAJlhl 

KoMilJICKT nporpaMMHblX JJ:0KYMCHT0B. 

17. PY.6PHKH H KJIIOlfEBhIE CJIOBA 

C, H; BB3P, aKTHBHaJI 30Ha, ny'I0K crep)K}{eH, KpH3HC TCilJI00TJJ:alfH. 

Y):(K 621.039.58 

IIPOrP AMMHOE CPE):(CTBO "AP611TP" (IIK ACM C3MA) 

TTpKBo.nHTCJI KpaTKoe onucaHHe nporpaMMHoro cpe.ncTBa APE11TP: "TTporpaMMH1>1li K0MTUJeKc 
aBT0MaTH3Hp0BaHH0ro CTpYJ<TYPH0-R0fHLfeCKOro M0.nenHposaH.HJI H pacqeTa na.ne)IQ{OCTH H 6eJO­
nacHOCTH CHCTeM" (TTK ACM C3MA, 6aJOBaJI sepcHJ1 1.0), pa3pa6on rnnoro s OAO "CneJ..U1anHJH­
posaHHaJ1 HIDKHHHp1mroBaJ1 KOMnaHHJI " Ces3anMOHTa)l(aBTOMaTHKa" (OAO "CilHK C3MA"). 

Code ARBITR. A.S. Mozhaev. ARBITR code complex for automated structural logic simula­
tion and assessment of the system reliability and safety measures (SC ASLS SZMA) base version 1.0 
is described. SC ASLS SZMA is developed by JSC " SPIK SZMA" . 
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l. HA3BAHHE llPOrP AMMLI 

APEHTP - "Ilporpa.MMHbIH KOMruieKc asToMaTH3Hposattttoro cTpyKryptto-norWiecKoro Mo­

.nem1posamu1. H pact.teTa HaJJ;e)l(HOCTH H 6e3onacttocTH CHCTeM (IlK ACM C3MA), 6aJOB(ijl. sepciu1 
1.0" (l. .. 3]. 

2.3BM 

I13BM, KOMilblOTep KJiacca IBM-PC c npou,eccopoM Pentium II H Bbillle. 

3. IlOCTAHOBKA 3A).J.AqJf 

IlporpaMMHbIH KOMIIJieKc APEl1TP (ITK ACM C3MA) [I ... 3] npe,nHaJHaqeH WUI. aBTOMan1-

3HpoBattHoro MaTeMaTHtJeCKOfO MO,nenupoBaHIDI H pactJeTa BepOflHOCTHbIX xapaicrepHCTHK Ha­
.ue)KHOCTH (fOCT 27.002-89) H 6e3onaCHOCTH (reXHHtJeCKOfO pHCKa (4], BepOSITHOCTH B03HHKH0-

BeHIDI HJIH HeB03HH.KHOBeHHSI asapHHHblX CHTyaU,HH H asapHH BCJie,D,CTBHe OTKaJOB 3JieMeHTOB) 

CTpYJCTYpHO-CJIO)l(HblX CHCTeM onaCHblX npOH3B0,D,CTBeHHhlX 061,eKTOB (OITO) H o6'beKTOB HC­

nOJib30BaHHSI aToMHOH 3Heprnu (OHA3), BKJIIOt.t(ijl. A3C c peaKTopaMH J1106brx THnoe, pa.nuauH­

OHHbte HCTOlJHHKH, nyHKTbl xpatteHIDI R,D,epHblX MaTepHaJIOB H pa.ll;HOaKTHBHblX eemeCTB, xpattH­

JlHlU,a pa.ll;HOaKTHBHblX OTXO,D,OB (5, 6]. 
Ha 3Tane nocTaHOBKH 3a,D,atJ nonb3oearenb I1K APEl1TP BbinOJiffjfeT cne.nywmne .nei:icTBIDI: 

- pa1pa6aTbrnaeT CTpYKTYPHYIO cxeMY cpyHKUHOHaJihHOH uenocTHOCTH (C<I>I.O nccne.zzyeMoro 

CBOHCTBa Ha.lJ;e)KHOCTH HJlH 6e3onaCHOCTH CHCTeMbl, npe,D,CTaBmJOIIzylO 6JIOK-CXeMY pa60Tocno­

co6HOCTH, .nepeeo OTKa30B (,[(O) HJIH .nepeeo co6bITKH (.nonyCKalOTCR HeorpaHHtJeHHoe HCil0Jlh30-

Bam1e U,HKJIH~eCKHX CBSl3eH, .nsyxypOBHesasr ,D,eKOMil03HU,HJI H pa3MHO)KeHHe eeplUHH Ha O,D,H0M 

ypOBHe ,neKOMil03HUHH); 

- onpe.nemeT HCXO,D,Hbie 3HatJeHHJI napaMeTpOB Ha.lJ;e)KHOCTH 3JJeMeHTOB CHCTeMbl (eepOJITHOCTb 

6e30TKa3HOH pa60Tbl HJIH OTKaJa, cpe,D,HJIJI Hapa60TKa .no OTKaJa, cpe,nttee BpeMJI BOCCTaHOBJieHIDI, 

speMSI pa6oTbI 3JleMeHTOB H CHCTeMbl), ycTaHaBJIHBaeT npH3HaKH npHHa,D,Jie)l(HOCTH 3JieMeHTOB K 

rpynnaM ttecosMeCTHhlX co61>1THH (fHC), rpynnaM OTKaJOB no o6meH npHtJHHe (OOIT), KpaTHO­

CTH sepuurn H .n.p.; 

- 3aJJ;aeT nor~ecKHif KpHTepuii cpyHKUHOHHposaHHjl (JIK<I>), KOTOphrn cosMeCTHO c C<I>U orrpe­

.uensreT o6mue ycJIOBHjl peaJIH3alJ,HH CHCTeMOH HCCne.zzyeMoro CBOHCTBa Ha.lJ;e)KHOCTH HJlH 6e3-

onacHOCTH (6e30TKa3HOCTH, OTKaJa, tJaCTH1·1HOH pa6oTocnoco6HOCTH, 803HHKHOBeHIDI HJJH HeB03-

HHKHOBeHHjl asapHHHblX CHTyaUHH H asapHH pa3JIHlJHOfO ypOBIDI nocne.ucTBHH H .np.); 

- 880.ll.HT nO,D,fOTOBJieHHble HCXO.ll;Hble .uaHHbie (C<I>U, JIK<I>, napaMeTphl 3JleMeHTOB) B KOMnJieKC 

APEJ1TP, yCTaHasnusaeT pe)KHM ero pa6oTbr ( cTaTWieCKHH, seposrTHOCTHO-BpeMeHH6H KTIH npu-

6JIH)l(eHHblH pactJeTbl) 11 BKJIJO'iaeT ceaHC aBTOMaTHtJeCKOfO Mo.uenupoBaHHSI u pacqeToB. 

ITocne 3Toro KOMnneKc APEJ1TP asToMaTWieCKH cTpOHT nornqecKYJO cf>YHJ<I.\HJO (KpaTCJaH­

mHe nyTH ycnemttoro cf>yttKUHOHHpOBaHHjl (KITY<I>), MHHHMaJibHbie celfeHHSI 0TKa30B (MCO) HJIH 

ux HeMOHOTOHHbie KOM6HHallHH), TO'lliblH paclleTHblH MHOfOllJieH BepO.SITHOCTHOH cpyHKllHH (B<I>) 

HCCJie.n.yeMoro CBOHCTBa Ha.lJ;e)KHOCTH HJlH 6e3onaCHOCTH (TeXHJ.ftJeCKOfO pHCKa) CHCTeMbl H Bbl-

4HCmeT 3HatJeHHSI COOTBeTCTBYIOlllHX CHCTeMHblX ITOKaJaTeJieH. 

4. METO)J. PElllEHIDI 

TeopeTHCJeCKOH ocHOBOH KOMIDleKca APEJ1TP CJIY)l(HT 061UHH nornKo-sepoRTHOCTHbIH Me­

TO.ll. (OJIBM) aHaJIH3a CTPYJ<TYPHO-CJIO)l(HhlX CHCTeMHhlX o6'beKTOB H npoueccos pa311HtJHhIX BH­

.ll.OB, KJiaCCOB H HaJHalfeHHSI (7 ... 9]. HOBbie 803M0)KH0CTH OJIBM, peanH30BaHHbie B KOMITJieKce 

APEJ1TP, onpe.uensrJOTCR cne.n.y10lllHMH noJJO)l(eHHRMH. 

1. IlpHHU,Hill,JaJibHO HOBhlM SIBJISleTCR pa3pa6oTaHHblH B OJIBM H peaJIH30BaHHblH B KOMilJTeK­

ce APEJ1TP rpacpHt.tecKHH annapaT C<I>U: (7, 9] .ll.JlR CTPYKTYPHoro on11caHID1 11ccne.zzyeMblX 
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csottcTs HaJJ.e)lrnocnt (6e30TKa.3HOCTH) H 6e3onacuocTH (rexHHtJecKoro pHcKa). AnnapaT C<I>U no 

nocTPoeHHJO peanHJye-r cpyttKIJ,HOHaJI.bHO noJIHbIH tta6op norw-1ecKHx onepauHif lf, l1Jil1 H HE 
anre6pbl JT0fHKH. 3To n03S0JT.sieT C n0M0ll.l,blO C<l>[( JT0rHtJeCKH KoppeKTH0 rrpe,ncTaBJUITb npaKTH­

qeCKH ace SH,llbl THn0SblX CTPYKTYPHb(X cxeM CHCTeM (6JTOK-CXeM, rpacpoa CB.sI3H0CTH, .n:o H ,IJ,e­

peabeB co6bJTHH), a TaJOKe CTp0HTb npHHU.HTIHaJlbH0 HOSblH KJTacc HeM0H0TOHHbIX CTPYJCTYPHhlX 

Mo.neneH Ha,lle)l(H0CTH, )l(HS)"-leCTH H 6e3onaCHOCnf CJI0)l(HblX CHCTeMHblX 061,eKTOB pa.3JIH1U10ro 

Ha3HalfeHH.sr. JlorHtfecKa.sr YHHBepcanbHOCTb OJIBM H annapaTa C<l>[( snepab1e npe.nocTasn.sre-r 

no111,3osaren10 KOMilJleKca APEH:TP so3M0)l(H0CTb CTP0HTb CTPYJCTYPHble Mo,neJIH KaK 6e30TKa.3-

H0CTH (6e3asapHHHOCTH) HCCne.uyeMoro 061,eKTa, TaK H 0TKa.3a (asapHH) CHCTeMbl. Tipw-leM s 

o6eHX cpopMax CTPYKTYPH0ro 0IIHCaHH.sI CHCTeMbl 06ecne1.JHsae-rc.sr 0,llHHaKOSa.sr T0t.tHOCTh aBT0-

MaTH'leCK0ro nocTP0eHH.sI KaK MCO, TilK H KIIY<l>. 

2. B KJTaCCHlfeCKHX JT0rHKo-sepo.srTH0CTHblX MeT0,llax (HCDOJlb3YJ0lllHX TOJlbK0 6noK-CXeMbt, 

rpacpbl CB.sI3H0CTH H .ll:0) Ha CTPYJ<TYPHOM H aHaJIHTHlfeCK0M yp0SIDIX Mo,nenHpoaaHHJI npHMett.sr­

e'I'C.11 q>yHKUHOHaJlbHO HenOJIHblH 6a.3HC onepau.H.H lf H H:JIH:. 3To .nae-r 803MQ)l(_ffQCTb CTP0HTb 

T0JibKO M0H0T0HHbie M0,llCJlH Ha)le)l(_H0CTH H 6e3onaCHOCTH CHCTeM. B OJIBM Ha acex ypostt.srx 

Mo.nenuposaHH.sI H pacqe-ros snepBbte HCil0Jlb3YeTC.sI cpyHKl..lHOHaJlbHO IIOJTHblH 6a.3HC JlOTH'-JeCKHX 

onepaumi lf, MJU1, HE [7 ... 9]. Ha 3TOH octtoae s K0MTIJieKce APEMTP peanHJoaau1,1 ace so3-

M0)KHOCTH 0CH0SH0r0 annapaTil M0,lleJJHp0SaHH.sI anre6pbl JI0rHKH, qT0 II03S0JI.sreT aBTOMaTHtJeCKH 

CTP0HTD KaK see npe)l(_ffHe SH,llbl M0H0TOHHbIX Mo.neneif, TaK H npHHUHIIHaJibH0 HOBbIH KJTacc 

tteM0HOT0HHblX MO,lleJieH Ha,lle)l(H0CTH, )l(HS)"-leCTH, 6e3onacHOCTH H pHCKa cpyHKl..lHOHHposaHIDI 

CTPYJCTYPH0-CJl0)l(HbJX CHCTeMHblX o6'beKTOB pa.3JIH'-IH0ro Ha.3HalfeHH.sr . 

3. B lfeTbtpex paHee aTTeCT0SaHHbIX nporpaMMHblX cpe,nCTaax aHanonttJH0ro Ha.3Ha'leHH.sI 

(Ase aepcHH "Risk Spectrum" (llisel.J.IDI), "PMCK", "CRISS 4.0" (P<l>)) peanHJosaua T0JlbK0 Tex­

H0JI0rH.sr ,n:o. TipuMeHeHHe s K0MIIJieKce APEMTP npHHUHnHanbH0 ttosoro rpacpH"4:ecKoro anna­

paTil C<l>[( ,llJljl CTPYJCTYPH0ro onHCaHIDt CSOHCTS Ha,lle)l(H0CTH, )l(HB)"-leCTH, 6e30IIaCHOCTH H Tex­

HHtfeCK0f0 pHCKa CHCTeM anepBbte II03B0J1HJ10 npe,ncTaBJIJITb KaK see npe)l(HHe THilOSbte M0H0-

T0HHble CTPYKTYPHble M0,lleJIH (6noK-CXeMbI, rpacpbl CS.sI3H0CTH, .n:o, .nepeBb.sI co6btTHH), TaK H 

HOBblH KJTacc HeM0H0T0HHblX CTPYKTypHblX MO,lleJieH Ha)le)l(_HOCTH H 6e3onacHOCTH CHCTeM. Tio-

3T0MY K0MnJieKc APEHTP a noJIH0M 061,eMe peanHJye-r H0SYJO TeXHonormo ACM CJIO)l(HbIX CHc­

TeMHhlX 061,eKToB H npoueccoa. 

4. Bee K0MTIJieKCbl, peaJIH3YJOlllHe TeXH0JI0fHIO .n:o, II03S0J1.sIIOT II0Jlb30BaTeJIJO npHMeH.sITb 

TOJihK0 0,llHH o6paTHhlH no.nxo.n ,llJ1JI n0CTaH0BKH 3a,uaq aHaJIH3a Ha,lle)l(H0CTH H 6e3onacHOCTH 

CHCTeM. 3ToT no.nxo.n TPe6ye-r OT pa.3pa60TtfHKa T0lJH0f0 npe,D.CTasJieHHJI H rpacpWleCKOro 0IDfCa­

HIDI ycJJ0BHH 0TKa.3a, Hepa6oTocnoco6HOCTH, B03HHKH0SeHH.sI aaapHHHOH CHryal(HH HJIH asapHH s 

HCcne.uyeMOH CHCTeMe. Ecm1 CHCTeMa CJl0)l(Ha.sI, HanpHMep, C MH0)l(eCTSeHHhlMH l{HKJlH'•leCKHMlf 

CS.!13.sIMH 3JieMeHT0B, TO 6e30llIH60tJHOe nocTpoemte C00TBeTCTBYJOW.ero ,[(O qacT0 npespaw.ae-rc.sr 

s TPY.llH0 pa.3peWHMYJO npo6neMy [10] . Mcnon1,3yeM1>1e B K0MIIJieKce AP6MTP rpacpH'-IeCKHH an­

napaT C<l>[( H TeXH011orn.sr ACM npe.nocTaBJIJIIOT noJib30BaTe1110 Ha s1,16op TPH sH,na no.nxo.nos K 

II0CTaH0SKe 3a,lla4'H aBT0MaTH3HposaHH0ro attaJIH3a CHCTeMbt: 

- TJ)a.llHl..lHOHHbIH o6paTHbIH no.nxo.n, s pe3y11bTaTe K0Toporo noJib30BaTe111, pa.3pa6aT1>IBaeT C<I>U 

.nepeaa 0TKa.30B HCCJie,nyeMoro CSOHCTBa CHCTeMb1; 

- np11MOH no.nxo.n, s pe3yJibTaTe K0Toporo non1,3osaTeJih pa.3pa6aTbISaeT C<I>U 6noK-cxeMbl pa-

60Tocnoco6ttocTH (6e30TKa.3HOCTH, HeS03HHKH0BeHH.sI asap1m), npHtJeM C B03M0)l(H0CThlO tteor­

PaHH'leHHOro npe,ncTaBJieHH.sI UHKJTH'leCKHX (MOCTHKOSbIX) CB.sr3eH, cyw.ecTBYIOW.HX S CHCTeMe; 

- KOM6Hm1posaHHblH (cMelliaHHblH) no.nxo.n, snepBble n03SQJ1.s[_JOIJ..(HH CTp0HTh HeM0H0T0HHble 

C<I>[( Ha.l(e)l(H0CTH, )l(HBylfeCTH, 6e3onacHOCTH H pHCKa cpyHKl..lHOHHpOBaHH.sI CTJ>YKTYPH0-

cno)l(HbJX CHCTeMHbrX 061,eKTOB. 
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He3aBHCHMO OT Toro, KaKOH ITOJJ.XOJJ. npHMeHReTCR npH pa3pa60TKe C<l>U,, C ITOMOW.blO OJIBM 

[7 ... 9], peaJTH30B8HHOro B KOMTI.JleKce APBITTP, .n.a.nee MOryr aBTOMaTH'leCKH onpe.n.eIDITbCR H 

KITY<l>, H MCO, a TaIOKe pa311wrn&1e Hx tteMoH0Tottm,1e KOM6HHaUHH [2]. Hayl{Hbie ucc11e.ll,0Ba­

HHR H npaKTHKa nOKa3aJTH, •no npHMOH H KOM6HHHpOBaHHblH ITOJJ.XO.ll,bl IT03B0JU[lOT ITOJJb30BaTemo 

pa3pa6aTbJBaTb 6onee CJJO)l(Hble H BbICOKOpa3MepHbre CTPYKTYPHble cxeMbI CHCTeM, qeM TpaJJ.Hl..{H­

OHHbllf o6paTHblH 110.ll,XOJJ., HCITOJJb3yI01.l(Hlf TOJJbKO arrrrapaT ,ao [2, l 0]. 
5. Bee pattee aTTeCTOB8HHble nporpaMMHbJe cpeJJ.CTBa aHaJT0I'lfl{HOfO Ha3HaqeHHR Bblt.fHCJlj{l()T 

T0JlbKO npH6J111.)KeHHbie BepO.s!.THOCTHbJe ITOKa38TeJJH HaJJ.e)KHOCTH H 6e30IT8CHOCTH HCCJie.n.yeMblX 

CHCTeM. KoppeKTHOCTb .ll,aHHblX Bb[qJfCJieHHlf o6ecnetfHBaeTCR TOJJbKO npH YCJJOBIDf 3a.ll,aHID( 

aepo.s!.THOCTeH OTKa30B 3JJeMeHTOB He 6onee 0,01. KoMTineKc APEMTP H3ttatJaJTbHO pa3pa6aTbI­

aa.nc.s!. K8K HHCTpyMeHT TOt.fHOfO M0)J,eJJHp0B8HHJI H pacqeroB BepORTHOCTHblX IIOKa3aTeJieH (B 
paMKax npHHJITblX .n.orrymeHHH H orpaHHt.feHHH). OcHOBOH TOqffb[X Bbl'-IHCJleHHH C.JIY)KIIT BnepBbie 

pa3pa6oTaHHa.s!. B OJIBM H pea.nH30BattHa.s!. B KOMIDieKce APEMTP KOM6HHHpOBaHHa.s!. npoue.n.ypa 

aBT0MaTHt.feCKOfO II0CTp0eHHR npaBHJlbHOro MHOfO'lJieHa paC4eTHOH B<l> [11]. Il03TOM)' KoppeKT­

Hbie (npaBHJibHble B paMKax 3a.s!.BJieHHblX orpaHHqeHHH H .nonyw.eHHH) pacqeTbl Bep0.s!.THOCTHblX 

xapaKTepHCTHK CHCTeM B I1K APEMTP anepBble BblIIOJJHj[IOTC.s!. BO BCeM )J,HaITa30He B03MO)KHblX 

3Ha"CJeHHH BepOITTHOCTHblX napaMeTpOB 3JieMeHTOB (OT O JJ.O 1 BKJUOt.tHTem.Ho) [2]. 
B K0MrnieKce APEHTP peanH3osan ,nononttHTeJJbHbIH (BcnoMoraTeJibHbIH) pe)KHM npH6Jrn­

)KeHHoro M0,lleJIHpOBaHH.s!. H pacqeToB sepoHTHOCTHblX I10Ka3aTeneit IlpH6JJH)KeHHb1e paCl.feTbl 

BblIIOJllUUOTCH no .llBYM MeTO.UHKaM: .llJlj[ He3aBHCHMbIX OTKa30B 3JleMeHTOB (aHa.nor MeT0,llHKH, 

HCITOJJh3yeMoH B KOMIDieKcax "Risk Spectrum" H "Saphire-7") H c yqeroM Tpex THTIOB OTKa30B 

3JleMeHTOB - "oTKa3 Ha Tpe6oBaHHe", "oTKa3 B pe)KHMe pa60Tbl" H "cKpLITI,IH OTKa3 B pe)KHMe 

O)KHJJ.aHHJI" (MeTOJJ.bI pa3pa6oTaHbr cnea;Ham.fCTaMH <l>rYTI "OKEM" H sneps1,1e peaJIH30BaHL1 s 

KOMnneKce "CRISS 4.0"). 
Pa3pa6oTaHHbIH tta 0CHOBe OJIBM K0MilJleKc APEHTP peanH3yeT cneJJ.yIOW.He 0CH0BH&Ie 

q>yttKQHOHaJTbHbJe B03MO)KH0CTH: 

• o6ecneC£JfBaeT BBO,ll CTPYKTYPHLIX MOJJ.eJJeH CBOHCTB Ha,lle)KHOCTH H 6e3onacHOCTH HCCJJe.n.ye-

MbIX CHCTeMHbIX 061,eKTOB, npeJJ.CTaBJJeHHblX B BH,ne 0,llH0- H .nayxypoBHeBblX (.neKOMII03HpOBaH­

HbIX) C<l>l.\ (.no 40 000 sepw11.tt); 

• 06ecne•u1BaeT BB0,ll 3Ha4eHHH HCX0,llHblX napaMeTpOB 3JleMeHTOB (aepoRTHOCTH co6LITHH, 

cpe,llHHe ttapa6oTKH .no OTKa3a, cpe,nttee apeM.si BOCCTaHOBJJeHHR, npH3HaKH fHC H KpaTHOCTH, 

co6CTBeHHOe BpeMH pa6oTbl H .np.), 3a,naHHe pe)KKMOB CTaTHqecKoro, BepOITTHOCTHO-BpeMeHH6ro 

H npH6JIH)KeHHOro MO,lleJIHp0BaHHJI H pact.teTOB ITOKa3aTeJJeH na.ne)KH0CTH H 6e30ITaCHOCTH HCCJle­

.n.yeMbIX CHCTeM; 

• 3a,naeT C ITOMOI.l(blO JIK<l> pa3JrnqHble MOHOTOHHble H HeM0H0TOHHble ycJJOBHJI peaJTJf3al.OIH 

HJJH HepeaJTH3aUH11 CHCTeMOH HCCJJe,nyeMblX CBOHCTB ee Ha,ne)KH0CTH, )KHByqeCTH HJIH 6e30IT8CHO­

cnt Ys = f ( {y,, Y,} , i = 1 ... N) , r,lle N - o6mee l.£HCJIO BepwHH C<l>l.\; 

• aBT0MaTH'leCKH CTpOHT nonrt.tecK.He QlYHIUJ.lfH pa60Tocnoco6HOCTH CHCTeM (<l>PC) 

C<l>U,: G(X, Y)} 
. ⇒ <l>PC: YF = YF( {x;, x,}, i = l...H) (H- t.fHCJI0 3JieMeHT0B CHCTeM&I), 

JIK<l>: YF 
KOTOpbie 

B 38B11.CHMOCTH OT BH.na C<l>U, H JIK<l> npe.ncTaBIDIIOT KIIY<l>, MCO H pa3Hble HX HeMOHOTOHHLie 

KOMfornaQHH (pa3Mepbl <l>PC orpaHHt.I_HBaIOTC.s!. TeXHH4eCKHMH xapaKTepHCTHK8MH KOMIIblOTepa); 

• aBT0MaTH'-feCKH CTp0HT T04Hble MHoroqneHbr pact.teTHblX B<l> 

YF ( { x,, x,} , i = I .. . H) ⇒ PF (t) = PF ( {p,, q,}, i = 1 .. . H ; t) , KOTop&1e HCIIOJJb3yIOTCj) .llJlJI MalllHHHblX 

Bbl'-111.CJleHHH aepo.s!.THOCTHblX ITOKa3aTeJieii Ha)le)KHOCTH H 6e3onaCHOCTH HCCJie.n.yeMbIX CHCTeM 

(pa3Mepbl orpaHHt.tHB8IOTC.s!. Texmt-..ieCKHMH xapaKTepHCTHKaMH KOMITblOTepa); 
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• aBTOMaTKI.JeCKH paCClJHTbIBaeT CJie.rzyK>inHe TTOKa.3aTeJJH CTPYJCTYPHOH Ha.JJ.e:>K.HOCTH H 6e3o-

nacHOCTH CHCTeM [2]: 
- cTaTWieCK)'lO sepO.SITHOCTb oueHHBaeMoro CHCTeMHOfO co6hITIDI - 6e30TKa.3HOCTH, OTKa.3a, qac­

TJ-lq}IOfO OTKa.3a, 6e3onaCHOCTH, pHCKa BO3HHKHOBeHHll asapmrnoii CHryauHH HJIH asapHll; 

- sepO.ffTHOCTh 6e30TKa.3HOH pa60Tbl HeBOCCTaHaBJIHBaeMOH CHCTeM1,1; 

_ cpe.UHJOIO Hapa6oTey .no OTKa.3a HeBOCCTaHasmmaeMOH CHCTeMbI; 

_ K03q>q>KUHeHT roTOBHOCTH BOCCTaHaBJIHBaeMOH CHCTeMbI; 

- cpe.nHJOJO Hapa6oTKY Ha OTKa.3 BOCCTaHasmrnaeMOH CHCTeM1>1; 

- cpe,uHee speM.ff BOCCTaHOBJieHH.SI CHCTeMbI; 

- eepO.SITHOCTb 6e30TKa.3HOH pa60Tbl (HJJH OTKa.3a) BOCCTaHaBJJHBaeMOH CHCTeMbI; 

_ aepo.ffTHOCTb fOTOBHOCTH CMeIIIaHHOH CHCTeMbI, COCTO.SIJ.neH H3 BOCCTaHasmrnaeMbIX H HeBOC­

CT3HaBJJHBaeMbIX 3JieMeHToB; 

- noJJO:>K.HTeJibHblH BKna,U KIDK.llOfO OT,UeJibHOfO 3JJeMeHTa CHCTeM1>1; 

- 3HalJHMOCTb K8.)l(,llOro OT,UeJibHOro 3JieMeHTa CHCTeMbJ; 

_ OTpHIJ;aTeJibHblH BKna.r( KIDK,UOfO OT,UeJibHOro 3JieMeHTa CHCTeMbI; 

- npH6JIIDKeHHbie sepoRTHOCTHble IlOKa.3aTeJJH Ha,ue:>K.HOCTH H 6e3onaCHOCTH CHCTeMl,I 6e3 OTCe4-

KH H C OTCe4KOH MaJIO3HalJHMbIX nyreu: H ceqeHHH; 

- eepO.slTHOCTH peanH3au;1m OT)J.eJibHbIX nyreH cf>YHKUHOHHposaHH51 H MCO CHCTeMbI; 

- 3HaqHMOCTH H CYMMapHb1e JHat.rnMocTH ceqemrn OTKa.JOB no Fussell-Vesely; 

_ JHalJHMOCTH, K03q>q>HIJ.HeHThI yMeHLU1eHID1 H yseJIHlJeHIDI pncKa 3neMeIITOB no Fussel I-Vesely; 

- npH6JJIDKeHHbie sepOHTHOCTHbie xapaKTepHCTHK.H CHCTeMbl C YI.JeTOM rpex THIIOB OTKa.3O8 3Jie­

MeHTOB: OTKa.3 Ha TPe6osaHHe, OTKa.3 B pe:>K.HMe pa60Tbl H CKpbIThIH OTKa.3 B pe:>K.HMe O)KHJJ.aHH.ff 

(attanor MeTOJJ.HKH, pa.3pa6oTaHHoii cneu;HanHCTaMH OKEM); 
- sepO$lTHOCTHbie nOKa.3aTeJIJi c YI.JeTOM oorr rpynn :meMeHTOB (MO,UeJIH aJJbq>a-q>aKTopa, 6era­

q>aKTOpa H MHO)KeCTBeHHblX rpeqecKHX 6yKB ); 

- sepo.i1THOCTH1>Ie nOKa.3aTeJIH C YlJeTOM paJJJH4Hl,lX BHJ{OB 3aBHCHMOCTeH 3JJeMeHTOB, npe.n.cTas­

MeMbix rHC; 
- CHCTeMHbie IlOKa.3aTeJIH Ha.n.e:>K.HOCTH H 6e3onacHOCTH npH .usyxyposHeBOH .neKOMilO3HIUfil 

CTJ>YKTYPHOH cxeMbl CHCTeMbl H npHMeHeHHH JJ.H3bJOHKTHBHhlX H KOH1,JOHKTHBH1>IX KpaTHOCTeH 

CJIO:>K.HhJX 3JieMeHTOB (no,UCHCTeM); 

- CHCTeMHble IlOKa.3aTeJUi C YI.JeTOM Heorpatt:HlJeHHOro lJHCJia UHKnH'JeCKHX (MOCTHKOBbIX) CBH3eH 

Me~ 3JieMeHTaMJi H IlO.UCHCTeMaMH; 

- CHCTeMHbie nOKa.Jaremt C YI.JeTOM pa.3JIHlJHbfX KOM6HHaTOpHblX OTHOIIIeHHu: (K H3 N) Me~ 

rpynnaMH 3JieMeHTOB H 0O.D.CHCreM; 

• BbIBO.lJ.HT pe3ym,TaTbl MO,UeJIHposaHHH H pactJeTOB Ha 3KpaH MOHHTOpa H coxpaffjleT HX B qiau:-

ne pe3yJibTaTOB ,llJljl HCilOJlb3OBaHHj{ npH Bbipa6oTKe H o60CHOBaHHH pellieHHH B o6naCTH o6ecne­

qeHHR Ha.r(e:>K.HOCTH H 6e3onacHOCTH HCCJie.nyeMblX CHCTeM. 

S. OrPAIIll'IEHHH CJIO)K}IOCTH 3A,l(A 1Ill 

1. BepoHTHOCTHO-BpeMeHJU:1e nOKa.3aTeJIH Ha,lle:>K.HOCTH HIHJIH 6e3onaCHOCTH CHCTeM ( cpeJJ.HHe 

Hapa6oTKH) paCC4HTblBaJOTC.ll TOJJbKO ,llJljl npHMblX MOHOTOHHbIX JIOrHKO-sepogTHOCTHhJX MOJJ.eneu: 

HCCJie.nyeMOH CHCTeMbl. 

2. HccJie.rzyK>TCH CHCTeMbl, JJ.JI.SI KOTOpbIX npHeMJieMOH .SIBJI.lleTCJI fHTTOTe3a O He3aBHCHMOCTH B 

COBOKynHOCTH OTKa.3O8 (nopa)KeHHH) scex 3JieMeHTOB H tteorpaHH'ieHHOCTH HX BOCCTaHOBJieHHH. 

3. B aBTOMaTHI.JeCKH q>opMHpyeMbfX MaTeMaTHI.JeCKHX MOJ{eJlj{X n npH BblTTOJIHeHHH pactteTOB 

Moryr YI.JHTblBaTbC.SI TOJlbKO Te CTOXaCTHI.JeCKHe 3aBHCHMOCTH H MHO)KeCTBeHHbie COCTO.SIHl,Jj{ :me­

MeHTos, KOTOpb1e npe.n.crnBJI.SIJOTCJI c noMOlUbJO annapaTa fHC OJIBM. 
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4. ,nnjj sepO51THOCTHO-BpeMCHH bIX pac4eTOB npHMCttjjeTC51 TOJlbKO 3KCnOHCH~aJibHblH 38KOH 

pacnpe1teJ1eHmr speMCHH 6e30TK83HOH pa60Tb( H BOCCT8HOBJ1CHJ,fjj 3JlCMeHTOB. 

5. lf1-1c110 yposHeH O.LJ.HOCBjj3HOH CTPYJCTYPHOH .n.eKoMnO3HQHH C<I>U Hccne.n.yeMblX CHCTeM­

HbIX o6oeKTOB :::; 2. 
6. 3aJt8HHe rpynn pa3MHO)KeHHblX qJyttKQHOHaJibHblX BCplllHH, fHC H 00Il JlOnyCK8eTC51 

TOJlbKO B npe1te11ax OCHOBHOH HIHJIH OTJleJlbHhlX .n.eKOMnO3HpOB8HHblX C<I>U nO.LJ.CHCTeM. 

7. MaKCHMaJibHOe KOJlJ.flfCCTBO 3J1CMeHTOB MIDKOpHTapHblX (K H3 N) no,nCHCTeM, npeJlCTaB­

Jlj{CMbIX C<I>U, :S 8. 
8. MaKCHMaJibHOe KOJ1H4CCTBO 3J1CMeHTOB B rpynne OQTI - :'S 8. 
9. KoMnneKC HeJlb351 HCJ1OJlb3O88Tb .LUU1 aposejleHJ,fjj aHaJIH3a HeorrpeJtCJlCHHOCTH H aBTOMant-

3HposaHHoro 8HaJIH3a 1.fYBCTBHTCJlbHOCTH. 

10. KOMJlJlCKC He npHMeffjjeTC51 .ll)UI BblnOJlHCHHj{ JlOJIHOM8CllJTa6Horo sepO51THOCTHOro atta­

Jut3a 6e3onaCHOCTH JI3Y. 
11. ,[{onycTHMbte 3HaqeHIDI napaMeTpoB: 

11.1 BeplllHHhJ C<I>U - qJYHKJ..UiOHaJibHblC, 

qJHKTHBHbIC, 

3KBHBaJieHntpOBaHHblC 

11.2 ,lzyrn C<I> U - KOH'blOHKTHBHbIC np51-

MblC H HHBCpCHblC, 

,llH3'blOHKTHBHbTC ITp51MbIC 

H HHBCpCHbIC 

11.3 lJHCJlO ypostteH JteKOMnO3HQHH - 2 
11.4 lfuc110 seplllHH ocHOBHOH C<I>U - JlO 400 
11.5 lJHcno seplllHH no.n.cHcTeM C<I>U - JlO 100 
11.6 3Hal.!CH(,fjl sep051THOCTeH 3JleMCHTapHbIX - OT O .LJ.O l BKJ1l0l.!HTeJ1bHO 

co6bITHH 

11.7 KoJIH4eCTBO JJleMeHTOB B OJlHOH rpyn- - JlO 4 
ne oon npH np51MOM OT06pIDKCHHH 

00Il Ha rpaqJe 

11.8 KoJIHl.fCCTBO 3JICMCHTOB B O.D.HOH rpyn- - .no 8 
ne oon npH aBTOMaTH3HpOBaHHOM 

Y4eTe oon 
11.9 KoJIH4CCTBO 3J1CMCHTOB B OJlHOH rpyn- - .LJ.O 8 

ne 00Il npH HCJlOJ1b3OBaHHH BCTpOCH-

HOH YTHJIHTbl 

11.10 4HCJIO KOM6HHaTOpHblX CB513CH npH - .D.O 8 
np51MOM OTo6pIDKCHHH YCJIOBHH MIDKO-

p1uapHOCTH Ha rpa¢e 

11.11 4HCJ10 KOM6HHaTOpHblX CB513CH npH - .no 30 
HCnOJib3OB8HHH YTHJIHTbl arpernposa-

HH51 

11.12 l-JHcno KOM6HHaTopHblX cs513eH npH - JlO 20 
HCnOJib3OBaHHH YTHJlHTbl ¢opMHposa-

HH51 KOM6HH8QHH 
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6. T.HIIW-IHOE BPEMJI C1:IET A 

BpeMR peweHWI 3a,ua4 K0MnJTeKcoM AP£HTP 3aBHCHT OT YHcna 3JleMeHT0B, CJI0)KH0CTH 

cTpYKT)'pbl 11ccne.uyeMOH Cl1CTeMbl l1 onpe.uem1eTC.SI B 0CH0BH0M pa3MepH0CTbEO aBT0ManJ~eCKH 

4>opM11pyeMbIX JIOrH4eCKOH l1 pacYeTI-IOH BepO.SITHOCTHOH MO,UeJleH. B K0MnJieKce npe.uycM0TpeHbl 

cneUl1aJlhHb(e cpe.n.cTBa (KpaTHbJe sepwHHbl, 0,LlH0CBH3Ha.SI CTp)'KT)'pHa.SI ,ueK0Mn03HUH.SI HCXO)J.HOH 

C<l>U, pe:>K.HM np1-1611IDKeHHbrx pac4eToB H oTceYKa MaJI03Hat.JHMhIX KOH1>lOHK.l.{HH), ao MHoro pa3 

c0Kpama10w.He BpeM.SI M0)J.eJ1HposaHHH CHCTeM 60JlblliOH pa3MepH0CTH H BbICOKOH CTpyKTypttOH 

CJl0)KH0CTH. TaK, HanpHMep, npH peweHHH TeCTOBOH 3a)lalJH N!:! 9 OT4eTa 0 BepHq>HKaU,IDi [2] 6e3 

.neK0MIT03HUHH ,LlJl.SI nocrpoemu1 JIOrHt.JeCKOH M0)J.em1 pa3MepH0CTblO 4 992 K0H1,lOHKU11H 11 MH0-

rol.{JleHa B<l> pa3MepttocTblO 52 160 o,utto'-[JleH0B noTpe6osanocb 16 MI1H (Il3BM Pentium-4; 2,0 
ffu). Tiocne .n.eK0MTI03Hl.lHH C<l>[( JTOH c11cTeMbJ 3a.uaya pewetta tta TOH )Ke 3BM 3a 1 c, a MaK­

cHMaJlbHhJe pa3Mepbl JlOr~eCKOH 11 Bepo.SITHOCTHOH MO.D,eneii C0CTaBHJIH 8 K0HbfOHI<l.{HH H 15 
o,UH0l.f.JleH0B, C00TBeTCTBeHH0. llpH 3T0M IT0JIH0CTblO coxpatteHa T0tJH0CTb pacqeTa sep0HTH0CTl1 

6e30TKa3HOH pa60Tbl CHCTeMbl, 3Ha4HMOCTeH H BKJia,ll0B :meMeHT0B, a cpe,AH.SIH Hapa6oTKa )J.0 

OTKa3a Bbll.fHCJleHa C np116nIDKeH11eM B CT0potty yMeHbllieHIDI, lJT0 .n.onyCTHM0 B HH)KettepHblX 

pact.1eTax. B .n.pyroM TeCT0B0M np11Mepe .N!! 10.5 Bbin0JIHeH aHaJIH3 CHCTeMbl, COCTOHmeii H3 225 
JJieMeHT0B C MH0)KeCTBeHHblMH U11KJlH4eCKHMH CBSl3.SIMH. Cq>opMHpoBaHHa.SI Ill( APEITTP np.siMa.SI 

.n.eK0MTT03Hp0BaHHaSI M0)J.eJlb 6e30TKa3HOCTH ouemrnaeTCSI 3.49E+ 19 KOH1,lOHKUHH (KTIY<l>), a 

o6paTHa.SI M0)J.eJlb 0TKa3a CHCTeMbl oueHJIBaeTC.SI 8 621 131 MCO. B o6oHX CJIYl.faHX Bbft{HCJleHbl 

T04Hhle 3Hal.feHH.SI Bep0.SITH0CTHbIX xapaKTepHCTHK. BpeM.SI pellleHJUI JTHX BbIC0K0pa3MepHblX 33-

.n.aY C0CTaBHJI0 I C. 

7. OCOnEHHOCTH IIPOfPAMMhl 

Mo.uynbHhIH npHHl.lHn nocTpoettmr ITK APEHTP 06ecne1U1BaeT B03M0)KH0CTb ero Jq>q>eK­

THBH0ro ycosepweHCTB0BaHH.SI M0.D.epmnauHH 11 a.uanT3UHH K pa3Hb(M npe,AMeTHbJM o6nacTHM. 

3-ro 03Hat.JaeT, 4T0 Ha 0CH0Be .n.aHHOH aTTeCTOBaHHOH 6a30BOH BepCHH M0)KH0 pa3pa6aTbIBaTb 

pa3JI~ble cneuliaJIH3Hp0BaHHbJe sepc1111 III( APEJ1TP, B K0T0pbIX )'l.fHTblBalOTCH oco6eHHOCTH 

npe,D,MeTHbIX 0611acTeH np0MblWJleHH0ro npHMeHeHH.SI HCCJle.uyeMblX CHCTeM, THnbl CHCTeMHbIX 

061,eKTOB H KJiaCCbl 3a,LJ,al.f aBT0MaTH3Hp0BaHH0ro M0,Aem1poBaHH51, pacqera TTOKa3aTeneH, OIITH­

MH33UHH napaMeTp0B H o6ecneyemrn pa3Hb(X BHJl0B )J.e.SITeJJbH0CTH nOJlb30BaTeJle.H no Bbipa6oTKe 

H 060CHOBaHl1lO pa3JJH4HblX ynpaBJJeH-qecKMX peweHliH B 0611aCTH o6ecne~eHH.SI Ha,LJ,e)KH0CTH, 

:>KHByq_ecn1, 6e3onacttocT1111 p11cKa OHA3 H .upyrHX OTTO. 

8. BCilOMOfATEJlhHhIE H COIIYTCTBYIOIIUIE IlPOfPAMMbl 

Pa6ol.fHM npoTonmoM I1K APEJ1TP cny)KHT I1K ACM 200 I [12]. Pa3pa6oTaHHblH Ha ero oc­

Hose nporpaMMHbIH M0.D.YJJb aBT0MaTHl.feCK0ro nocrpoeHH.SI Jl0rH~eCKHX H Bep0.SITH0CTHblX cpyttK-

1.J,HH [11], 51Bn.sieTC51 ttenocpe.n.cTBeHHOH cocTaBHOH 4ac1:bt0 nporpaMMttoro cpe,ncTBa APEHTP. B 

K0MITJleKC APEHTP BCTp0eHbl TPH BCn0M0raTenbHble pact.feTHble )'THJIHTbI: 

• pacqera Bep0.SITH0CTHhlX napaMeTp0B 6a30BblX C06bJTHH )lJ151 Tpex THTIOBbIX MO,LJ,eJieH 00TI 
rpynn 3JleMeHT0B (MO)J.eJIH 6eTa-q>aKTOpa, MH0)KeCTBeHHblX rpe4eCKHX 6yKB H aJib<pa-q>aKTopa); 

• paCl.feTa aep051TH0CTHb[X xapaKTepHCTKK 0.D.H0CBSl3Hb!X 0)J.H0p0JlHblX (see 3JieMeHTbl 0,ll,HHaK0-

Bbie) KOM6HH3TOpHbIX n0)J.CHCTeM K H3 N s 30 MeT0,ll0M arpen1poaamL11; 

• M0)J.em1poBaHH.S1 11 paC9eTa Bep0SITH0CTHblX xapaKTepHCTHK 0)J.H0CBSl3HhIX He0)J.H0p0.llHbIX 

(:meMeHTbl HMefOT pa3Hble 3Ha4eHH.SI napaMeTp0B Ha,LJ,e)KHOCTH) KOM6HHaTopHbIX no,nCHCTeM K H3 

N s 20 MeT0)J.0M q>OpMHpOBaIDUI KOM611HaUKH. 

I 11 



3TH YrHJTHTbl MOryr HCnOJTb30BaTbC.SI aBTOHOMHO, a TalOKe o6ecne"IHBaJOT 6onee y.no6eyl:O 
pa6ory nOJTb30BaTeJT.SI npH no,nroTOBKe HCXO)].HbIX .naHHbfX cneUHa.rJbHbIX Ja,na"f aBTOMaTH3Hpo­
BaHH0ro Mo.nem1posaHH.S1. 

9. COCTO.HHHE IIPOrP AMMhl 

B HaCTO.SILUee speM.SI JKcrmyaTaUH.SI IIK APEMTP ocyLUeCTBJT.S1eTC.S1 psi.noM opraHH3au,1111, s TOM 
lJHCJie: 

- OAO "CflliK C3MA" (C.-IleTep6ypr) - pa3pa6oTlfHK KOMnJieKca APEMTP; BbinOJIHeHbI 
npoeKTHbie pactJeTbl Ha.ne)KHOCTH ACYTII OIIO: 000 "KwpH1UHHecpTeoprcattTe3", 6 npoeKTos; 
000 HTIO "MHP", 1 npoeKT; 000 "Mo3bipCKHH HII3", Pecny6m1Ka Eenapycb, 4 npoeKTa; 
OAO "Ka3attboprcHHTe3", Pecny6m1Ka TarnpcraH, 2 npoeKTa H p.S!JJ. .npyrnx; 
- "Me)f(OrpacJieBOH 3KCnepTHO-cepntcpHKaUHOHHbIH, ttayYHO-TeXHHlJeCKHH H KOHTpOJibHblH 

uettrp SUlepHoa H pa.n11a1.1,110HHOH 6e3onacttocT11" (P3CuettTp, C.-ITeTep6ypr), BbmontteHo 13 npo­
eKTos no pacYery noKa3aTeneii tta.ne)KHOCTH, ocrnT04ttoro pecypca H pttcKos OI1A3 (<I>fYTI "TIO 
CesMarn", r. CeBepOJJ.BHHCK) [4, 5]; 
- 3AO 'KoMnaHIDI C3MA" (C.-IleTep6ypr) BbinOJIHeH pactJeT tta.ne)KHOCTH ABToMaTH3HposaH­
HOH HHq>OpM8UHOHHO-H3MepHTeJlhHOH CHCTeMbl KOMMeptJeCKOro Y4eTa 3JieKTpH1leCKOH JHeprm,1 

( <I> IYil "Ilerep6yprCKHH MeTponon HTett"); 
- OAO 'THnpOBOCTOKHeq>Tb" (r. CaMapa) BbinOJIH.SleT pa60Tb1 no pacqery tta.ne)KHOCTH CHCTeM 
o6beKTOB HecpTeXHMHYeCKOH npOMbIWJieHHOCTH CHfotpH 1-1 ,ll;a.rJbHero BocTOKa; 
- PocCHHCKI-iH rocy.napcTBeHHblH TeXHOJIOrH4eCK.HH ymrnepCHTeT HM. K.3. ~HOJIKOBKOro (MA­
TH, MocKBa) 1-1cnoJib3yeT TIK APEMTP s y-qe6ttoM npouecce yHHsepcHTeTa; 
- 3AO "TEJIPOC" (C.-TTeTep6ypr) np11MeH.S1eT KOMnJieKc )].JI.SI ay.n11rn 6e3onacHocTH o6beKTOB 

)KH3Heo6ecnetJeHIDI. 
Crntt.napTbI H PyKoBOJJ..S!LUHe .noKyMeHThI, noMep)KHBaeMbie KOMnneKCOM APEMTP: 

1) fOCT 24.701-86. Ha.ne)KHOCTb aBTOMaTH3HpoBaHHbIX CHCTeM ynpasnemrn. OcHOBHbie nono­
)KeHH.SI. - M.: MIIK 113,n-so crntt.napTos, 1986. 
2) rocT 27.301-95. Ha.ne)KHOCTb s TeXHHKe. PactJeT Ha)].e)KHOCTH. OcHOBHbie nOJIO)KeHHR. - M .: 
MIIK 113.D.-BO CTatt.napTOB, 1996. 
3) p ,n; 03-418-01. MeTO)].HlJeCKHe YKa38HIDI no npose.neHHl-0 attamna pHCKa onaCHbIX npOH380)].CT­
BeHHhJX o6'beKTOB // HopMaTHBHble )].OKyMeHTbl Me)KOTpacnesoro npHMeHeHH.SI no sonpocaM npo­
MhllIIJieHHOH 6e3onacttocTH 11 oxpaHbt He.up. Cep. 3. Bbm I 0. - M.: focropTextta.n3op Pocc1111, 
HTQ "IlpoMbr1IIJieHHa.S1 6e3onacttocTb", 2001. 
4) rocT P 51901-2002 (M3K 60300-3-9: 1995). YnpaBJieHHe Ha)].e)KHOCTbl:O. Atta.rJH3 pHCKa Tex­
HOJIOrHl.JeCKHX CHCTeM. - M.: J.1IIK 113)].-BO CTaH,napTOB, 2002. 
5) rocT P 51901.14-2005 (M3K 61078: 1991 ). MeHe,ll)f(MeHT pHCKa. Mero.n CTpYKTYPHOH cxeMbl 
tta_ne)KHOCTH. - M.: CTatt.napTHttcpopM, 2005. 
6) rOCT P 51901.13-2005 (M3K 61025:1990). Mette)].)f(MeHT pHcKa. Atta.rJH3 .nepeBa HeHcnpas­
HocTeii. - M.: CTatt.napTHHcpopM, 2005. 
7) P ,lJ; 34.20.501-95. DpaBHJia TeXHH"4eCKOH 3KCnnyaTaUHH JJieKTpHYeCKHX CTaHUHH 11 ceTeH Poc­
CHHCKOH. <I>e.nepau1111. TTpHKa3 MHHJHepo .NI~ 229 OT 19.06.2003 r., npHKa3 PocTeXHamopa P<I> OT 
01.08.2006 r. N!2 738. 

B 2004-2005 rr. nporpaMMa npHMeH.S1nacb B KOMnneKCHOH HMP [ I OJ rpex oprattH3aUHH: 
CTT6A3TI (IIK "Risk Spectrum", lliBeu11si), MTTY PAH (DK "Relex", CWA) 11 OAO "CIIBK 
C3MA" (TIK ACM C3MA) 11 ycnewtto npowna cpaBHHTeJibHbIH aHa.rJH3 Tpex yKa3aHttbtX Textto­
norni1 H nporpaMMHblX KOMnJieKCOB. 

CpaBHeHHe pe3yJTbTaTOB npH6JTH)KeHHbIX H T04HblX peweHHH, BbinOJIHeHHbIX npH BepHq>HKa­
UHH IIK APEMTP, Bbt.SIBHJIO O.D.H)' Ba)KH)'l:O HOBYJO JaKOHOMepHOCTb. IlpH 11cnOJibJOBatt1111 Tpa.n11-
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uH0HHbJX npH6mrnceHHbJX MeT0.lt0B M0.l(emtp0BaHH.SI 11 pacqeT0B c 0TCelfKOH (scnoMoraTeJibHblH 
pe)l(HM ITK APEl1TP) 0Ka.3anocb, lfTO qeM MeHbWe K0JIHqecTso HCKJTIOlfaeMl>tX H3 noJTHOH 11orn-
4ecKOH MO.l(em1 MaJI03HaqHMblX KOH'blOHKUHH (MCO), TeM TO"IH0CTb npH6JilDICeHHbIX BbP-IHCJie­
tUiH aepOSITHOCTH sepWHHHOro C06bITIDI ,n:o He yseJIH'UfBaeTC.SI:, a yMeHbWaeTC.SI. 3-ro 061>.SICIDleT­
C.SI HaKon11em1eM norpeWHOCTH npH HCnOJib30BaHHH TJ)a.l{HQHOHHbJX MeTO.l(OB npH6mrnceHHbJX 
paclfeTOB Ha octtose MCO (KoMnneKCbI "Risk Spectrum", "Saphire-7" H Jtp.), K0TOpa.S! coKpama­
eTC.11 npH yJtanemrn MaJI03Ha'rnMbIX MCO. 

1 O. CCblJIKH 

J. APSHTP - TiporpaMMHbIH KOMnneKc asToMaTH3HposaHttoro CTJ))'KTYpHo-nornqecKoro MO.lte-
1rnposfillli.SI: H paclfeTa Ha.l(e)KHOCTH H 6e3onacHOCTH ACYTTI Ha CTaJtHH npoeKTHposaHIDI (TIK 
ACM C3MA), 6a.30Ba.SI aepcH.SI: 1.0. AsTop: Mo)Kaes A.C. Tipasoo611aJtaTe11b: OAO "CflliK 
C3MA" . CBH.lteTeJibCTBO NQ 2003611101 OT 12 Ma.SI 2003 r. 06 ocf>HUHaJlhHOH perncTJ)aQHH npo­
rpaMM, PocnaTeHT P<l>, MocKBa, 2003 . ATTecTaQHOHHbIH nacnoPT NQ 222 OT 21 cf>espaJI.S1: 2007 r. 
CoseTa no aTTecTaQHH TIC <l>eJtepanbHOH CJIY)K6hr no 3KonorH1.JeCKOMY, TeXHonorH"leCKOMY 11 

aTOMHOMY Ha.l(3opy (PocTeXHaJt30p) P<l>. 
2. Momae6 A.C., Kucen.e6 A.B., CmpyKo6 A.B., CK60pl(06 M.C. Orlfe-r o sepHcf>HKaQHH npo­
rpaMMHoro cpe.l(CTBa "IlporpaMMHblH KOMnJieKC aBTOMaTH3HpOBaHHOfO CTJ)YKTYJ>HO-JIOrHlfeCKOro 
Mo.ne1rnposaHIDI H pact.JeTa Ha.l(e)KH0CTH H 6e3onaCHOCTH cHcTeM" (TIK ACM C3MA, 6a.30Ba.SI 
aepcIDI 1.0). 3aKJTJOqJ,fTeJibHa.SI pe.n:aKUIDI. - CII6.: OAO "CIIl1K C3MA" , 2006. 
3. Momae6 A.C. TeXHOJIOfIDI H nporpaMMHblH KOMnJieKC aBTOMaTH3HpOBaHHOfO MO.l(eJIHpOBaHHJI 
H oueHKH Ha.l(e)KHOCTH, 6e3onaCHOCTH H pHCKa onaCHblX npOH3B0.l(CTBeHHI>JX 061,eKTOB / C6. Te3H­
COB .l(OKJla.l(OB V TeMan1qecKoro CeMHHapa " 06 onbITe .l(eKJiapHpOBaHH.SI: npOMblWJieHHOH 6e3o­
naCHOCTH H c-rpaxosaHIDI OTBeTCTBeHHOCTH. Pa.3BHTHe MeTO.l(OB ou;eHKH pHCKa asapHH Ha onaCHblX 
npOH3BOJJ:CTBeHHbIX 061,eKTax". - M.: <l>e.n:epanbHa.11 cJiy)K6a no 3K0JIOfH1.JeCKOMY, TeXHOJI0fH'Ie­
CKOM}' H aTOMHOMY Ha.l(3opy. HTQ "IlpoMbIWJTeHHa.SI 6e3orracttocTb", 2004. - C. 50 - 58. 
4. Pl( 03-418-01. MeTO.ltH4eCKHe YKa.3aHHJI no npose,n:eHHIO attaJIH3a pHCKa onaCHbJX IIpOH3BO.ltCT­
BeHHblX ofrbeKTOB // HopManlBHble .l(OKyMeHTbl Me)KOTJ)aCJieBoro npHMeHeHH.SI no sonpocaM npo­
MblWJieHHOH 6e3onacHocTH H oxpaHbI HeJtp. Bbm. 10. - M .: rYTI "HTQ Iffi" rocropTeXHaJt3opa 
PoccHH, 200 l . 
5. Mo:HCae6 A.C., Ka.MblH06 III.B., Pblll06 M.H., Ho3uK A.A. MeTOJJ:HKa rrpHMeHeHHR nporpaMM­
Horo KOMnJieKca ACM C3MA )VI.SI pactfeTa noKa.3are11eu 6e30TKa.3HOCTH H 6e3asapHHHOCTH cTeH­
Aa cf>H3H"leCKHX H3Mepemrn // Bonpocb1 attanH3a pHCKa, NQ 1 (9). - M.: 000 "AHK.11JI", 2007. -
C. 63 - 72. 
6. P6Ul06 M.H., AnucUMo6 H.A., Mo:HCae6 A.C. u op. OnntMH3aQH.SI pHcKa npH yrHJIH3aQHH 
ATIJJ II YnpasnettHe pHCKOM, NQ 3, 2003. - C. 25 - 32. 
7. Mo:HCae6 A.C. O6ll.(H.H norHKO-BepO.SITHOCTHblH MeTOJJ: aHaJIH3a HaJJ:e)KHOCTH CJ10)KHblX CHCTeM. 
Yl¾. noc. - JI.: BMA, 1988. 
8. Mozl,aev A.S. Theory and practice of automated structural-logical simulation of system. Int. 
Conf. on Informatics and Control (ICI&C'97). Vol. 3. St.Petersburg: SPIIRAS, 1997, p. 1109 -
1118. 

9. Mo:HCae6 A.C. O6ll.(HH JlOrHKO-Bepo.SITHOCTHbIH MeTO.lt aBTOMaTH3HpOBaHH0rO CTJ)YJ<TYPHO­
JlOfl{lJeCKoro MO.l(eJIHpOBaHIDI Ha,n:e)KHOCTH, 6e3onacHOCTH H pHCKa CJlO)K.HblX CHCTeM. MHOfOTOM­
Hoe H3JJ:aHHe "ne3onacHOCTb PocCHH". AHaJ1H3 pHCKa H npo6neM 6e3onacHOCTH. B YeTbipex Yac­
TSIX. lfacTb I, C. 153 - 197. llacTb ill, C. 243 - 293. - M.: Mr<l> " 3HaHHe", 2007. 
I 0. HHP "CpaBHHTenhHbIH attaJ1H3 TeXHonornii ,n:epesbes OTKa30B H asToMaTH3HposaHHOro 
CTpyKTypHO-J10rH4eCKOro MO.l(emIposaHH.SI, HC0OJ1b3yeMbIX )J.JISI Bbin0JlHeHHJI pa6oT no sepO.Sl:THO-
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CTH0MY attaJrn3y 6e3onacttOCTH A3C H ACYTIJ Ha cTa,nIDt npoeKTHposattm1" (wmpp "Texttono­
rHJI 2004"), <l>rYIT CTI6A3II, OAO "CilliK C3MA", I1IlY PAH. - 2005. 
11. Momaea A.C., I'naOKoaa H.A. Ei-16JIH0TeKa nporpaMMHbIX Mo.zzyneii aBT0MaTHYecKoro no­
CTp0eHHJI M0H0T0HHbrx H HeM0H0T0HHblX norWieCKHX cpyHKUH_H pa6oTocnoco6HOCT11 CHCTeM H 
MH0rot.JneH0B Bep0.SITH0CTHblX cpyHKUHH (JIOr & B<l>). CBH,lleTeJibCTBO N!! 2003611100 06 Oq>Hl.\H­
MbHOH perHcTpaQHH nporpaMM. -M.: PocnaTeHT P<l>, 12 Ma.SI 2003 r . 
12. Momaea A.C., I'naOKoaa H.A. IJporpaMMHbIH KoMnneKc aBT0MaTH3HposattHoro cTpyKrypHo­
norw1ecKoro Mo.ue1rnposattHJ1 cnmKHbIX cHcTeM (ITK ACM 2001 ). CBH.UeTeJlbCTBO N!! 20036 I 1099 
06 oq>HUHMbHOH perncTpau1rn nporpaMM. - M.: PocnaTeHT P<l>, 12 Ma.SI 2003 r. 

11. TPE60BAHIDI K 3BM 

Arr.SI Il0JIH0[leHH0ro npHMeHeHHJI nporpaMMH0ro K0MnneKca Tpe6yJOTC.SI cne.zzyJOI.l..(He CHC­
TeMHbie pecypCbl IJK: 
• K0MfilJOTep Knacca IBM-PC c npoueccopoM Pentium ll H Bhiwe; 
• npHB0A CD-ROM; 
• He Mettee 32-x M6aifT naM.SITH (LtJJ.SI o6ecnet.Jemrn 6blcTpo.n,ewcTBHJ1 KoMnneKca H 6onbUieH 
pa3MepH0CTH C<l>[( )KenaTenhHO HMeTb O3Y 128 M6ai1T H 6onhUie); 
• He Mettee 5 M6aHT CB06o.n,ttoro np0CTpaHCTBa Ha )KeCTKOM ,ll,HCKe; 
• VGA rpacpHt.JeCKa.SI BH.lle0CHCTeMa H Bhirne, )KenarenbH0 super VGA c qHcnoM useToB He Me­
ttee 256, peK0MeH,UyeMoe pa3peUieHHe 3Kpatta 1 024x768. 

12 . .ff3bIKH IIPOrP AMMJIPOBAHIDI 

Borland Object Pascal, cpe.ua pa3pa6oTKH Borland Delphi Professional, Version 7.0 (Build 
4.453). 

13. OIIEPAIUIOHHA.ff CHCTEMA 

Windows 95, Windows 98, Windows Me, Windows NT, Windows 2000, Windows XP, Win­
dows 2003. 

14. ,l(OOOJIHHTEJibHA.ff HH<I>OPMAAIDI 

IlporpaMMHOe cpe.n,crno APEl1TP (IIK ACM C3MA), 6a30Ba.SI sepcH.SI 1.0 HMeeT: CsH.ue­
TenbCTBO N!! 2003611101 OT 12 Ma.SI 2003 r. 06 Oq>HUHMbHOH perHCTpal.(HH nporpaMM s Pocna­
TeHTe P<l> H ATTecTaJ.J.HOHHhIH nacnopT Ni1 222 OT 21 cpespam 2007 r. CoseTa no aTTeCTaJ.J.HH 
nporpaMMHbrx cpe,ucTB HIT~ ..sIPE <l>e.n,epanbHOH CJTY)K6bI no 3K0n0rH-cieCK0MY, TeXHonorH1-1eCK0-
MY H aT0MH0MY Ha,u3opy (PocTextta,u3op) P<l>. 

15. ABTOPbl OPOrP AMMbl 

A.C. Mo)Kaes, OAO "CIIHK C3MA", C.-IleTep6ypr, nep. KaxoBcKoro, I 0. 

16. HMEIOlUHECJI MATEPHAJibl 

.D:HCK C HHCTMJIJIUHOHHOH nporpaMMOH, PYKOBO,ll,CTBO nonb30BaTeJI.SI, 0Tt.JeT O BepHq>HKaU11H 

c TeCTOBblMH H KOHTpOnbHbIMH npHMepaMH [2]. 

17. PY6PHKH ff KJDO'IEBbIE CJIOBA 

Ha.ue)KHOCTb, 6e3onacHOCTb, TeXHHYeCKHH pHCK, o6mHH norHKO-Bepo.SITHOCTHbIH MeTo.n., Tex­
HonorHJI aBTOMaTH3HpOBaHHOro CTPYKTYPHO-JIOrHt.JeCKOro Mo.n,enHpOBaHHJI. 
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JS, JIPMMEP 

BepoBTHOCTHblH aHaJlHJ na.i.e:iKHOCTII H 6e1onaCHOCTII CTCHJJ,3 cj>u1uqec1rnx HJMepeHHH 

ITpHMep pa3pa60TaH B Me)KOTpaCJteBOM, 3KCnepTHo-cepnupHKaUHOHHOM, ttayqtto-

TeXHJf4eCKOM H KOHTp011bHOM ueHTpe 51,nepHOH H Pa.JJ:HallHOHHOH 6e3onaCHOCTH (P3Cuettrp) [5] 
HMelOllleM pa3pewem1e Ha 11cnoJlb3osaHHe KOMTIJieKca APE11TP. I1011ttoe oITHcaHHe pememrn 

3a,naq JJ,attttoro npHMepa rrp1,rne,neHo s 0,-qere o sepH<pHKal.(HH [2]. C<l>U Ha,D;e)l(HOCTH H 

6e3onacHOCTH CTeH.L{a <pH3Hl:{eCKHX H3MepeHHH (C<l>11) H306pa)Ketta Ha pHC}'HKe. 

CJCTOJII.~ 
llllffJ) 6 10.0 r. 

S!lar:Tpyc:r. 49 
Jl!pelll'J1l 

}'Cld)IIX ] 6.0 r. 

JUYY111l1POI, 

Clf~IJEPfMEIItlHWI 
w,IIIJIHH no 01,1,EICIY 

Kpo 
)l)Cfl)BOil 

12.0 r. 
ICpaa 
imaeCJlli 

Tene•sa 
CJll1Qlllll> 11. 

Il)~lll.l 

48 

5.0 r . 
311H-2P 

2.0 r 
KCn-~ 

Bel!!llll Beimm. Hococ Tip11Eiop>1 
alopEII ~... UHf-70M2 BS'-1 

Cil!ItJIEHDlllllQHJI YCT,\HO BKA 
BB'I 

AMp_clrHaJM3 
Ha cre111e 
(l!Pr -1MI 

C<I>U pa60TOcnoco6Hocrn C<I>H 

54 

52 

JIIIJUla 

PAJtHOBYICIJH,ll;llhI 
HCIO'IBHl!Cll 

10.0 r . 40 1----6 

CHilWIUJAllUll 
BD'ABHJlBID;l 

2. r. 

33 

,llPr-JM ,llPr-JM 

ClPOHRJJhHhll! 
l!COB~ 

Hecyuui, )KA5 IDllDIIUI 

mllC-rpy>:11111< ~;a 

<l>yHKlJ,HOHaJtbHblMH sepuntHaMH Ha cxeMe (60J1bll1He KPY)KKH) o6o3HatJeHbl co6hlTIUI 6e30T­

Ka3HOH pa60Tbl JJleMeHTOB C<l>l1. IlplfBe,lleHbl HaHMeHOBaHIDI COOTBeTCTBYJOW.HX JJteMeHTOB H 

3HaqeHIDI cpenttei:i ttapa6oTKH no OTKa3a s ronax. B C<l>U npe,ncTasJteHbI 13 noncHcTeM (HaHMe­

HOBaHIDI BbI,lleJleHbl), OTKa3bl 3JleMeHTOB KOTOpbIX MOryT np1,rnecn1 K cpyHKIJ.HOHaJtbHOM)' OTKa3Y 

C<l>H B uenoM, ero npoeKTHOH asapHH, JtOKaJtH3al.(HH asapHHHblX cmyaUHH HJlH B03HHKHOBeHHIO 

3anpoeKTHOH asapHH (Heynpasn.sieMOH caMonoMep)l(HBaIOLU,eiic.si uenttoH peaKIU01 ,1J.e11ettru1). 

IlpH nocTpoemrn .uaHHOH C<l>U npHMelij{JtC.si cMewaHHhIH noJJ,xo.u. Bee no.ncHCTeMhI C<l>H 

npe,1J.crns11ettb1 cpparMeHTaMH C<l>U ycnosi,rn HX pa60Tocnoco6ttocTH (6e3asapHHHOCTH). Ilo3TOM)' 

C<l>IJ, B uenoM no.uo6tta HCXOJJ,HOH cpyHKUHOHaJtbHOH cxeMe C<l>H H ee nOCTpOem,e He Bbl3blBaeT 

60J1bWHX 3aTpy.utteHHH. 

Ha cxeMe npe.D.CTaBJJeHO 0,llHO HeMOHOTOHHOe ycJJOBHe ( CM. pHCYHOK, HHBepcHble BbIXOJJ,bl 

qlHICTHBHOH sepwHHbl 36) B03HHKHOBeHH.sl OTKa3a KaHaJJOB 6110Ka q>H31{'-1eCKHX H3MepeHHH HJlH 

YCTilHOBKH 80)].bl Bb!COKOH 4HCTOTbl. 3-ro ycJIOBHe Tpe6yeT BbinOJlHeHH.sl ql)'HKUHH nO.LJ.CHCTeMOH 

aBapliHHoii 3aWHTbl .llJl.sl JJOKaJJH3au1rn B03MO)l(HOH 3anpoeKTHOH asapHH C<l>J,1. 
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B Ta6Jll1Ue npi-rne.ueHbJ OCHOBHbie pe3yJ1bTaTbl M0,llem1posamU1. 11 sep0.R.TH0CTHOro aHaJJ113a 

Ha.ue)KH0CTH 11 6e3onacHOCTH C<I>.11, noJT}'l:leHHbTe c noM0ll.lblO K0MnJieKca APEHTP. 

T 6 a J1 H U. a pe3ym,TaT0B sep011TH0CTH0f0 amunna CcI>H 

N2 
Hccne.nyeMoe CB0HCTBO JlofH'lecKa.R. q>yHl<-

Bel> ('iHCJIO 
CcI>H H noruqecKHiJ KpH- Uffjj ( tJHCJIO 

O,ll,HOtJJieHOB) 
BepO.R.THOCTb C06bJTIDI 

TePHH ero peanmau1rn KTIYcI> HJlH MCO) 
oe30TlCa3HOCTb 4 

9 PcC1>1-1(1000 4ac) = 0,6346585752 1 
Y49Y34Ys1Ys2 (KCTYcI>) 

2 
0TKa3 46 

190 QccJ>i,/1000 tJac) = 0,3653414248 .Y49 VA. V .Y,i V .Y,i (MCO) 

BoJHHKHoaeHHe 

3 npoelCTH0H aBapmt 68 356 PnA (100 4ac) = 0,0220151844 
(HeMOHOTOH.) 

.Ys1 v Ys4 
Heao3HHKHOBeHHe 

4 npoeKTH0H aBapHH 9 23 QnA (100 qac) = 0,9779848156 - (HeMOHOTOH.) 
Ys1Ys4 

JloKa.JIHJauffjj JanpoeKT-
58 5 HOH aBapHIDI0H CHT)'aUHH 346 PJ!ox 3AC(100 4ac) = 0,0087402877 - (HeMOHOTOH.) 

y36YS4 
B03HHlCHOBeHHe 

6 
3anpoeKTHon aBap1m 89 521 P3A (100 qac) = 0,0030695642 HCXO,ll,HOfO Cel>l1 (HeMOHOTOH.) 

- -
Y36Ys4 

BoJHHKHosemte 3anpo-

7 
eKTH0H aaapHH M0.ll.epHH- 89 2 079 P3A (100 qac) = 0,0000350589 3HpOBaHHOfO CcI>H (HeMOHOTOH.) 

- -
Y36YS4 

Mo.uenHpOBaHHe 11 paCI.JeT Ha,l{e)KH0CTH C<I>H Bbln0JIHeH }],JUI Hapa6oTKW t = 1000 qac (npo­

,ll;QJT)KHTeJibHOCTb THITOB0ro l.(HKJia pa6oTbl C<I>.11). AHaJIH3 6e3onacHOCTH Bbin0JIHeH .l{JIJI Hapa6oT­

KH t = 100 qac (cpe.uHJIJI np0,D;OJT)KHTeJibHOCTH l.(H.KJia qm3H4eCKHX H3MepeH1111). Bo3MQ)KHQCTH I1K 
APEHTP n03BOJ1JIJOT CTJ)0HTb np.si:Mble M0.D,eJlH (6e30TKa3HOCTb, 6e3asapHHHOCTb) H o6paTHbJe 

Mo.uenH (OTKa3, asapH.R.) 11cc11e.uyeMOH CHCTeMbI Ha octtose O.UHOH C<I>U 11cc11e.11.yeMoi1 CHCTeMbI 
(cM. Ta6mnzy, 3a,nalfli N!!.N'!! 1,211.3, 4). 

3a,a:at.tH M0.lleIIHp0B8HIDI H paclfeTa sepO.llTH0CTH JIOKaJIH3al.lHH H B03HHKH0BemuI 3anpoeKT­

HOH asapHH (cM. Ta6mnzy, 3a.D,alfH N!!.N'!! 5 11 6) xapaKTep1ny10T tta116onee onacHbJe OTKa3bl Jne­
MeHToe (TeXHH.4eCKHH pHCK [4]) C<I>H. KpoMe sepO.SITHOCTHOH 01.(eHKH Ha.D,e)KHQCTH 11 6e3onactto­

CTH CHCTeMbl KOMnJieKC APEHTP Bbf4HCJJ.sJeT 3HalJHMOCTH H BKJia,D;bl K8)1(.D;0ro 3JJeMeHTa B CO0T­

BeTCTBYIOlllHe CHCTeMHble xapaKTepHCTHKH. TaK, HanpHMep, npH MO,z:i;enHpoeamm 3anpoeKTHOH 

aBap1111 (cM. Ta611111zy, 3a,ua1.Ja N!! 6) c noMOlllblO ITK APEl1TP onpe.uenetto, 4TO Ha116011bw11i1. no­

JIO)KJITeJJbHbIH BKJla.D, B yMeHI,llJeHHe BepO.R.TH0CTH B03HHKHOBeHHJI 3anpoeKTHOH aeapHH BHeCYT 
MeponpH.SITIDI, HanpaBJieHHbJe Ha yBeJ1H1-iett11e Ha.D,e)KH0CTH 3JJeMeHT0B 13 H 31 nO,llCHCTeMbl 3JJeK­

TJ)OCHa6)KeHH.R. (Hanp11Mep, HX no311eMeHTH0e pe3eps11posatt11e). Mo,D,en11posamt:e TaKoro M0,D,ep­
HH3HpOBaHHoro sapHattTa C<I>.11 TTOKa3aJJO (CM. Ta6muzy, 3a,lla4a N!! 7), lJT0 np11 pe3epB11p0BaHHH 

3JieMeHTOB 13 H 31 eepo.R.TH0CTb B03HHKH0BeHl1.R. 3anpoeKTHOH asap1111 yMeHblilaeTC.R. Ha ,D;Ba 

nop.R.,llKa. 3To nOKa3bJBaeT, '-IT0 K0MnJieKC APEl1TP MO)KH0 HCn0JJb30BaTh AJJ.Sl Bb1pa60TKH H 
o6oCHOBaHH.R. 3q>q>eKTHBHblX ynpaBJJeH4eCKHX perneHHH, HanpasneHHblX Ha n0BhJllJeHHe Ha.ue)K­
HOCTl1 H 6e3onaCHOCTH CJl0)l(HblX CHCTeMHblX o6beKTOB. 
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IlpaBHJJa 04>opMJ1eHHH CTaTeii 

IlpH no.11roT0BKe CTaTbH B c6opHHK aBTOp ./l0JDKeH PYK0B0./lCTB0BaTbCjl CTaH,ZJ.apTOM "OpHrH­

HaJlbl aBTOpCKHe H TeKCT0Bble H3.llaTeJlbCKHe" (OCT 29 .115 - 88). K aBTOpCKHM opKrHHaJiaM, 

nepe.11asaeMbIM Alli H3.llaHIDI, npe.zl'bjlBJUIIOTCji cneJIYIOmHe Tpe6osattID1: 

1. 3K3eMnJijlp CTaTbH .ll0IDKeH 6bITb nepBbIM, 0Tne'4aTaH Ha 0./lHOH CTOp0He JlHCTa Q>OpMaTa 

A4 mpHQ>TOM NQ 12 qepe3 2 HHTepsarra. CTaTbR .ll0IDKHa 6blTb COCTaBJieHa B CJleJIYIOmeM nopjl)lKe: 

HHJ.(eKC y )U(; 3arnaaue; HHlU-lHaJlbl H q>aMHJTIDf 8BT0pos; MeCTo pa6oTbr KIDK,Aoro aBT0pa C Il0'4T0-

BblM a.upecoM; 8HH0T8UHR Ha pyccK0M H aHrmrncKOM Jl3bIKax (He 6onee 10 CTp0K KIDK,Aax); TeKCT; 

crrnc0K m1repaTypbI; pHCYHKH; 00.llpHCYH0lJHbie n0J{IJHCH (Ha 0T.lleJlbH0M JIHCTe). 

2. CTaTbR .ll0IDKHa TaIOKe npe,noCTaBJ1$1TbCX o6jl3aTeJibHO B BH,ne 3JleKTJ)OHHOH sepCHH o6bflI­

HblM mpHQ>TOM NQ 11 Times New Roman, Me)K.ll}'CTp0'4Hbrn: HHTepsan - o,nnttapHbIH, s pemucrope 

Word 97 HJIH 6onee 003.llHHX sepCHH. TeKCT He q>opMaTHpyeTCji, B KatJ:eCTBe HMeHH cpaHJia HC­

n0Jib3YeTC$1 <I>HO nepsoro asTopa cTaTbH. KaBbI'4KH s TeKCTe CTaB$1TCR npn aHrJIHHCKOH paCKJI8.ll­

Ke KJiaBHazypbl (" .. "). 

3. Co,nep)l(aHHe CTaTbH .ll0IDKH0 6bITb KpaTKHM H lJeTKHM. HCKJII0'4alQTCjl o6mHe paCC}')l(.lle­

ffHjl, H3BeCTHbie nono:>KeHIDJ. He .nonycKaeTcR .ny6nHposaHHe Marepnana B reKcTe, Ta6nnuax, 

no.upHCyH0'4HbIX Ha,nnHCXX. Heo6XO)lHMO co6JIIO,naTb e,n"HH006pa3He B HanncaH"HH TepMHH0B, 

HaHMeHOBaH"HH cpH3H'IeCKHX senwnrn H e,nHHHU H3MepeHHX, ycn0BHblX o6o3HatJeHHH, C0Kpame­

HHH, CHMB0JI0B. HaHMeHOBaHHji H o603HaqeHJUI e,nHHHU Q)H3H-qecKHX Be.Jrn1Illli Heo6XO,l{HMO npH-

80.L{HTb s CHCTeMe CH. 

Heo6xo,nHMO o6pamaTb BHHMaHHe Ha HanHCaHHe np0nllCHbIX n CTp0tJ:Hl,IX 6yKB: pyccKHe H 

rpeqecKHe 6YKBbl (a, p, y, cp H T.,n.) Ha6HpaIOTCji npHM0, a JiaTHHCKHe (x, y, z, w H T.,n.)- KypcHB0M. 

Te )Ke Tpe60BaHHJl B o6o3H8'4eHHJlX H)l)KH0 co6n10)laTb npH HanHCaHHH HH,neKCOB H CTeneHeH B 

q>opMynax. O603Ha'4eHHJl MaTpHU H BeKT0p0B Ha6HpaIOTC$1 n0JIY:>KHPHblM lllpHQ)TOM np.SIM0. <I>op­

MYJ1b1, BKJIIOlfeHHbie B TeKCT, cne.uyeT Ha6npaTb 6e3 yseJiff-qeHHR HHTepaarra Me)K.ll}' CTp0KaMH, 

ttanpHMep bid, exp(xle). 
4. Ta6JIHUbl ttyMepylOTC$1, Ka:>K,naJI Ta6nnua .ll0Jl)l(H8 HMeTb 3aroJI0B0K. CoKpameHHji B rpaq>ax 

Ta6JIHUbI He .nonycKaIOTC$1. B TeKCTe He06XO)lHMbl CCblJIKH Ha see Ta6JIHUbl. Ta6JIHUbl netJ:aTaIOTCjl 

B o6meM TeKCTe nocne nepsoii ccbmKH. 

5. <I>opMYJlbl H 6yKBeHHble o603Ha'4eHHjl senwrnH )l0Jl)K}fbl 6bITb pa3Me'4eHbl H cpaJy pac­

llIHq>poBaHbI. <I>opMYJibl ttyMepyIOTCR apa6CKHMH UHq>paMH, H0Mep CT8BHTCji C npaBOH CT0p0Hbl 

JlHCTa B KpyrnbIX CK06Kax. HyMepoBaTb cne.nyeT T0JlbK0 Te cf>opMyJibl H ypaBHeHH$1, Ha K0T0pble 

ecn CCbIJIKa B nocne.ny10meM H3Jl0:>KeHHH. <I>opMyJibl Bbln0JIHJIIOTCR B pe.11aKTope Equation 3 .0 
I I 

npH HeB03M0:>KHOCTH tta6opa Ha KJiaBHarype (x;,y;,,F,f x,- H T.,n.). Ilo.11crpoqffble H Ha)lCTp0tJ-
0 y 

Hble HH.QeKCbl BB0.JljiTCjl C KJiaBHarypbl (x3, KM2 H T . ./1.), rpe4eCKHe 6yKBhl BCTaBJljilQTCjl qepe3 Me­

HIO BcmaaKa ➔ CUM<JOR. 
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6. B TeKCTe CTaTbH pucyHOK 06.s13aTeJU,HO rrpe,ACTaBJUieTCJI Ha OT,AeJU,HOM JUICTe cpopMaTa He 

6onee A4. Ha pHCYHKaX ,AonycKaeTCR MHHHMaJlbHOe qHcno o603Ha1.JeHHH - KpaTKHe UHq>pOBbie 

(no nop.s1.AKY HOMepoa cneaa ttarrpaao HnH no qacoaoii crpeJIKe) HJIH 6yKBeHHb1e o6o3HalleHHR. 

Bee IlO.IICHeHHR BblHOC.!ITCJI B no,ApHCYHOliHbie IT0,1],ITHCH. Ha o6opoTe KIDK,!].Oro pHC)'HKa YKa3bIBa­

lOTC.II cpaMHJlHH aBTOpOB, Ha3BaHHe CTaTbH, HOMep pncyHI<a, o603Ha1.JeHHR Bepxa H HH3a. BttyrpeH­

HHe Ha)].IlHCH Ha pHC)'HKax Ha6Hpa10TC.II rupmpTOM N2 10. BHH3Y KIDK,!J.Oro pHCyttKa .L{OJDKHI,] 6bITb 

npHBe,AeHbl ero HOMep H no,ApHCYH01.JHa.sl no,AITHCb rupHq>TOM N2 10. IlpH HaJIHqHH HeCKOJlbKHX 

pa3JIH1.JHblX rpacpHKOB Ha 0,1],HOM pHCYHKe KIDK,ZJ;b(H H3 HHX o6o3HaliaeTC.II pyccKHMH 6yKBaMH a), 6), 

B) H T.,1],. H pacUJHcppOBbIBaeTC.11 . 

B KOMilbJOTepH0M BH,Ae pHCYHKH npe,1l,CTaBJlmoTC.sl B 0T,1],eJU,HbIX cpaHJiax, BbinOJlHeHHLie B 

rpacpH1-1eCKHX pe,1l,aKTopax Paint, PhotoShop, Core/Draw a qepHo-6enoM ~ere (cpoTorpacpHH a 

pacTpOBOM 4>opMaTe tif, dpi-300). PHC)'HKH B Word He BCTaBmlTb KpOMe CJTYl{aea, KOf,1],a pHCYHOK 

H3HalianLHO Bl>moJIHeH B Word. 

7. CCI,JJIKH ua mrrepa-rypy a TeKCTe ,1],alOTC.11 no nop.ll,1l,Ky apa6CKHMH UH<t>paMH a KBa,1l,paTHbIX 

CK06Kax. CnHCOK JIHTepa-ryp1,1 C0CTaBJl.lleTC.11 B TOH )Ke nocne.uoaareJlbHOCTH, B KOTOpOH npHBO­

.ll.llTC.11 CCbIJJKH Ha JIHTepa-rypy. <l>aMHJlHH H HHHUHaJlbl aBTOpOB ua6Hpa10TC.II IlOJIY)l(HpHl>lM KypcH­

BOM. 

8. CnHCOK JIHTepaTYPbI cne.uyer 04>opMJ1.!1Tb B CO0TBeTCTBHH C rocy,1l,apCTBeHHI,IM CTaH,Aap­

TOM "EH6J1HOrpacpH1-1eCKOe OITHCaHHe ,1l,OKYMeHTa" (rOCT 7. 1-2003), B lfaCTHOCTH, Heo6X0,1l,HMO 

yKa3aTl>: 

a) .llJl.11 *YPHaJlbHblX CTaTeH - cpaMHJIHH H HHHl.(Ham,I aBT0p0B (He MeHee rpex nepBbIX), Ha-

3BaHHe CTaTbH, Ha3BaHHe *YPHaJla (6e3 KaBbllfeK), f0,1],, TOM, BblnyCK, HOMep, crpamnu,1; 

6) .llJl.11 KHHr - q>aMHJIHH H HHHU.HaJlbl aBT0p0B, n0JIH0e Ha3BaHHe KHHrH, MeCTO H3,1l,aHIDI, H3-

,1l,aTeJibCTB0 (6e3 KaBbI1.JeK), ro,A H3,1l,aHIDI; 

B) .llJl.11 aBTOpe4>epaTOB ,1],HCcepTaUHH - cpaMHJlHJO H HHHUHaJlbl aBTOpa, Ha3BaHHe aBTOpe4>epa­

Ta ,1l,HCCeprau1m, Ha C0HCKaHHe KaKOH yqeHOH creneHH HanHCaHa ,1],HCCePTaUH.!I, MeCT0 H f0,1], 3a­

ll(HTI,I; 

r) AJIJI rrpenpHHT0B - q>aMHJlHH H HHHLJ.HaJII,1 aBT0p0B, Ha3BaHHe npenpHHTa, HaHMeH0BaHHe 

H3,1l,aJOll(eH opraHH3auHH, IDHcpp H H0Mep, MeCT0 H ro,1], H3,1l,aHHR; 

.A) ,llJIJI naTeHTOB - cpaMHJIHH H HHHI.(HaJibI aBT0p0B, Ha3BaHHe naTeHTa, crpaHY, H0Mep H KJiacc 

naTeHTa, .Aa-ry H ro.u 3a.s1sneHH.11 H ony6nHK0BaHH.s1 naTeHTa; 

e) AJI.11 OTlfeT0B - cpaMHJIHH H HHHI.(HaJlbl aBT0p0B, Ha3BaHHe 0TlieTa, HHBeHTapHLIH N2, HaHMe­

HOBaHHe opraHH3auHH, f0,1], BI,JnyCKa; 

)K) ,llJIJI :meKrp0HHblX HCT01.JHHK0B - noJlHblH 3Jiel<TpOHHl>lH a,1l,pec, n03BOJUIIOll(HH o6paTHTbC.II 

K ny6nHKaUHH. 

9. B K0HUe TeKCTa nepe,A cnHCKOM JIHTepa-ryp.bl YKa3bIBalOTC.II KOHTaKTHbIH TenecpoH H, )KeJia­

TeJibHO, a,1l,pec 3Jlel<TpOHHOH IlOLITbl. 

120 



BHHM3HHJO quTaTeJJeii 
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