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Y)lK 621.039.5 

BbmycKH <<<l>H3HKa H MeTOJJ,bl pac4eTa 51)],epHbIX peaKTOpOB» 

IIOJJ,I'OTaBJIHBaIOTC51 PocCHHCKHM Hay4HbIM u.eHTpOM <<Kyp4aTOBCKHH HHCTHTYT» 

H pattee BblXOJJ,H.IIH B COCTaBe cepHH «<l>H3HKa H TeXHHKa 51)],epHbIX peaKTOpOB>>. 

)laHHbIH BhlrrycK TPHJJ,IJ.aTb TpeTHH. 

PeJJ,aKU.HOHHaR KOJIJlerHR cep1111: 

A.IO. rarapHHCKHH (maBHbIH peJJ,aKTop), C.M. 3apHIJ.KHH (3aM. rnaBHoro peJJ,aKTopa), 

B.<l>. KoJiecoB, C.,n:. MaJIKHH, B.IT. CrraccKoB, T.IT. <l>eJJ,oceeBa (0TB. ceKpeTapb). 

B cep1111 «<l>11311Ka 11 MeTO)lbl pactJeTa !l/lepHblX peaKTOpOB» ny6n11Ky!OTC!I MaTep11Mbl no cne/lYIOW.11M BOn­
pocaM: 

- Teop11si 11 MeTO/lbl pactJeTa !l)lepHblX peaKTOpOB, 6naHKeTOB TepMO!l/lepHblX peaKTOpOB, pa1111aL111OHHOH 
3aw_11Tb1, nepeHoca 113ny<1eH11i1; 

- npo6neMbl 06ecnetJeH11si pactJeTHblX 11 JKcnep11MeHTMbHh1X 11ccne11osaH11H nporpaMMaM11 /IR!I 3BM; on11-
caH11S1 11 aHHOTau.1111 nporpaMM, KOMnneKCOB 11 Cl1CTeM nporpaMM; 

- pactJeTHh1e 11ccne11oaaH11si no cp11311Ke !l)lepHblX peaKTOpoa, 6naHKeTOa TepMO!l/lepHblX peaKTOpoa, pa1111-
au_11OHHOH 3aW.11Tbl, nepeHOCa 113ny•1eH11i1; 11ccne11oaaH11S1 OT)leRbHblX acneKTOB pa3Bl1Tl1!1 !l)lepHOH JHepreT11K11; 

- 3KCnep11MeHTaRbHble MeTO/lbl 11 3KCnep11MeHTaRhHble 11ccne11oaaH11!1 no <pl1311Ke !l)lepHblX peaKTOPOB 11 B 
nepe•111cneHHblX CMell{HblX o6naCT!IX; 

- MaTeMaT11tJeCK11e npo6neMbl Teop1111 nepeHoca 11 Teop1111 peaKTOpoa. 

MaTep11Mbl )IR!I ony6n11KOBaHl1!l cne11yeT Hanpaan!ITb B POCCl1HCKl1H HaytJHblH u_eHTp «KyptJaTOBCKl111 11H­
CTl1TYT" Ha 11M!I rnaBHOl'O pe11aKTOpa cep1111. 

Materials related to the topics described below are published in series «Nuclear Reactor Physics»: 

- theory and calculational methods for nuclear reactors, fusion reactor blankets, radiation shielding and 
radiation transport; 

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

- calculational analysis of reactor, blanket and shielding performances and radiation transport; calculational 
analysis of some nuclear energy development aspects; 

- experimental methods and experimental analysis in field of nuclear reactor physics and other above mentioned 
items; 

- mathematical problems of transport and nuclear reactor theory. 
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ACHMIITOTHqECKHE CBOHCTBA HECTAit;HOHAPHOro 
YPABHEHHSI IIEPEHOCA HEHTPOHOB B P 1-IIPHBJIH)KEHHH 

B.H. KocmeflKO<J, r.H. Kyp•teflKO<Ja, B.H. Jle6eoe<J 
PH~ <<Kyp•tamo<JcKuii Uflcmumym)), 123182, MocK<Ja, n.11. AKaoeM.wca Kyp 11amo<Ja, 1 

ITpe11npt1HSITa nOnblTKa nOAOHTH K 3aAa'le BblSICHeHH!I B03M0)KH0CTH cyw.ecTBOBaHH!I HHepl(HOHHblX CBOHCTB 
y paCCMaTp11eaeMOl'O MaKpOCKOn11•1eCKH Hei1Tp0HHOl'O nOJISI B pa3MHO)KaJOw.ei1 cpe11e. Hccne11oeaHHe ee11eTCSI B 
paMKax CTaH11aprnoro HeCTal(HOHapHOl'O Pl-np116J1H)KeHH!I . PaCCMOTpeH ero OAHOMepHblH OAHOCKOpOCTHOH eapHaHT 

C OAHOH rpynnoli aana3AblBalOW.11X HeliTpOHOB. OCHOBHOe BHHMaHHe YAeJISleTC!I HCCJ1e11oeaHHIO BblCOKO'laCTOTHOH 
aCHMnTOTHKH npOCTpaHCTBeHHO-epeMeHHOH Q>YHKL(HH rp11Ha H TaK Ha3hmaeMOH reoMeTpwteCKOH aCHMnTOTHKH, 
xapaKTep113yeMOH ycJIOBHeM V ➔ 00, r11e V - CKOpOCTb HeliTpOHa. 

ASYMPTOTICAL PROPERTIES OF THE NONSTATIONARY NEUTRON-TRANSPORT EQUATION 
P 1-APPROXIMATION. V.I. KOSTENKOV, G.I. KURCHENKOVA, V.I . LEBEDEV. In this work the possibility 

of the existence of the neutron-field inertial properties are discussed. The investigation is being carried out in the 
framework of nonstationary P 1-approximation. For the simplicity the case of one-dimensional and one-velocity with 

one group of the delay neutrons is analyzed . Particular attension is given to the investigation of the asymptotics: 
higt-frequency asymptotic for space-time Green's function and geometric asymptotic, specify as limit v ➔ 00, where 
v is a neutrons velocity. 

1. BBE.IJ:EHME 

IlpocTeHillHM ypaBHeHHeM, cpeii;H pemeHHH KOTOporo MoryT OKa3aTbC51 KBa3HnepHO­

ll;H'-leCKHe (c nepeMeHHOH BO BpeMeHH aMIDIHTYAOH), 51BJrneTC51 ypaBHeHHe AH<p<py3HH HeH­

TpOHOB B P1-npH6JIH)KeH1m C Oll;HOH rpynnoH npeii;mecTBeHHHKOB (CM., uarrpHMep, [l ]): 

- - - + 2 - ~ L + -,-- (1 - {3)vL - - v D - + 1 1 a
2
u { 1 [ 1 J} au a2u 

v Lt at2 ,t..t s k:,<J> f at az2 

+ v[L - L - _!__ (1 -(3)vL - ~_!__~] u = ~[1 -~..l]c•· 
t S k:,<J> f V k3q> ,t..t V V Lt ' 

(1.1) 

ac· 1 , z 1 R at = -11.C + v k ,-,vLp, C' = vC, 
3<p 

+l 

rii;e U = N0; N0 = J dµN(z, µ, t); N(z, µ, t) - IDIOTHOCTh HeiiTpouoB; C(z, t) - IDIOTHOCTh 

-1 

HCTO'-IHHKOB 3aIIa3/l;hIBaIOW,HX HeHTpOHOB; "J:.sf = "J:.s + f- (1 - {3)v"J:.f 
3q> 

YpaBHeHH51 (1.1) He HCIIOJlb3YIOTC51 B peaKTOpHbIX pac'!eTax. n:e.n:o B TOM, '-!TO ll;Jl51 

rrepBoro H3 HHX HeH3BecTHhl HH Ha'-laJibHbie yCJioBH51 AJI51 rrpou3soii;uoii aa~ I t=O' HH yCJio~H51 

CKJieHKH Ha rpaHmi:ax pa3.l{eJTa cpeii; C pa3JIH'-IHbIM H3OTOIIHbIM COCTaBOM. TeM He Mettee 

OHH npeii;cTaBJI51IOT HHTepec: BO-nepBbIX, C o6m,ecpH3H'-leCKOH TO'-IKH 3peHH51 KOpOTKHH HeH­

TpOHHhIH HMilYJibC B pa3MHO)KaIOm,eii cpeii;e 51BJI51eTC51 YHHKaJibHblM o6heKTOM, TaK xax 

H3-3a HaJIH'-IH51 3ana3/l;hIBaIOW,HX HeHTpoHOB AHCnepCHOHHbie CBOHCTBa HeHTpOHHO-aKTHB­

HblX cpe.l{, B006m,e roBOp51, OKa3hIBaIOTC51 HeJIOKaJibHbIMH BO BpeMeHH. B 3TOM OTHOmeHHH 

ABH)KeHHe HeHTpOHHOH B_OJIHbl, OIIHChIBaeMoe JlHHeHHOH CHCTeMOH (1.1), I<a'-leCTBeHHO OT-
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JHl'laeTC51 KaK OT ABH)KeHH51 3JieKTPOMarHHTHOH BOJIHbl B AH3JieKTpHKe HJIH B cpeAe C HH­

BepCHOH 3aceJieHHOCTb10 3HepreTH'leCKHX ypOBHeH, TaK HOT ABH)KeHH51 BOJIHbl B )KffAKOCTH. 

Bo-BTOpbIX, ypaBHeHH51 (1.1) Ba)KHbl C TO'IKH 3peHH51 HeHTpOHHOH q)H3HKH, IIOCKOJlbKY 

51BJI.SIIOTC.SI CTpOmM npH6JIH)KeHHeM ypaBHeHH.SI nepettoca, K0TOpoe, IIO-BffAHMOMY' He npo­

THBOpe'IHT npmn.J;HIIY rrpH'IHHHOCTH. 

B CB513H C H3JIO)KeHHbIM M0)KeT 6bITb He6ecnoJie3Ha rrpeACTaBJieHHa51 B pa6oTe IIOIIbITKa 

HCIIOJib30BaTb CTaffAapTHbie MeTOAbl H3 apceHaJia MaTeMaTH'leCKOH q)H3HKH, rrpeAHa3Ha-

4eHHbie AJI51 HCCJieAOBaHH51 BOJIHOBhlX ypaBHeHHH, H K CHCTeMe ( 1. 1). 

2. 3A)1:A qA KOIIIH H PA3n0)KEHHE no HOPMAnbHbIM MO)];AM 

TiyCTb All.SI rrpOCTOTbl 

a= vD· b = (,lv)D· D = _!_. 
' ' 3L/ 

1 1 ,l Lsf ( Ls!) ( 1 ~1 c = - ~; d = 2 + ~ - ~; e = (,l + VLt) 1 - y- + ,l 1 - -k L ; 
V .;...t V.;...t .;...t t t 

f = (,lv) [L (1 - Ls! - 1._ /3 VLJ) - ~ 1._ (1 - /3) ~1. 
t Lt k Lt v k Lt 

C noMOII.J;blO 3THX o6o3Ha'-leHHH (2.1) MO)KHO 3anHcaTb OAHOH cTpoxoi,i: 

~ U = cUttt - aUzzt + dUtt - bUzz + eUt +JU= 0. (2.2) 

OAHOPOAHOe ypaBHeH11e (2.2) Jierxo npeo6pa3oBaTb B tteOAHOPOAHOe. TaxoH rrepexoA '-laCT0 

HCIIOJib3YIOT AJI51 IIOJiy'leHH51 pa3JIO)KeHH5f pemeHH51 no T3K Ha3hlBaeMbIM HOpMaJibHblM MO­

AaM. B Ka'-lecfae H0pM3JlbHbIX MOA B paCCMaTpHBaeMOM CJiy'lae BhI6epeM pemeHH.SI KJl3C­

CH'leCKOro TeJierpaq>HOro ypaBHeHH51 

Wzz = pWtt + 2qWt + rW, (2.3) 

rAe p, q, r - rrpOH3B0JlbHbie IIOCT051HHble. C 3TOH I.J;eJiblO rrpeACTaBHM pemeHHe ypaBHeHH51 

(2.2) B BHAe cyMMhl U(z, t) = L(z, t) + M(z, t) H IIOTpe6yeM, 'IT06b1 q>yHKI.J;H51 

M = M(z, t) YAOBJieTBOpMa ypaBHeHHIO 

cMttt - aMzzt + dMtt + eMt = iJ/cMtt - aMzz + dMt + eM) = 0 

HJIH 

TiyCTb q>yHKI.J;H51 M TaK)Ke YAOBJieTBOp.SleT Ha'laJibHbIM yCJIOBH5fM 

iJM(z, t) 
M(z, t) I t=O = <p(z); at I t=O = <I>(z), 

4 

(2.4) 

(2.5) 



r,n:e <pez) H <1>ez) - 33,U:3HHbie, J.J:B3::>KJ.J:bl Henpepb!BHO ,n:mpcpepeHI.1,HpyeMble <PYHKIJ,HH. IlpH 
YK333HHblX ycJJOBIUIX AJJSI <PYHKIJ,HH M H3BeCTHO aHaJJHTHlfeCKOe npe,n:CTaBJJeBHe (2] 

z+vt 
1 ~ ~ I J Mez, t) = 2 [<pez - vt) + <pez + vt)] + 2 dxKex; z, t), 

z-vt 

r,n:e 

Kex; z, t) = <1>ex) ~J0 [~ ✓ex - z)2 - ?-t2 ] -

-<pex) -.et JI [~✓ex-z)2-?-t2]; 
✓ex - z)2 - y'2t2 V 

JO - cpyttKIJ,HSI Eecce;rn ttyJieeoro nopSI,n:Ka; 

e 
C 

<l>yttKIJ,HSI Lez, t) 6y,n:eT y,n:oeJieTBopSITb Heo,n:Hopo,n:HOMY ypaetteHmo 

§L = cLttt - aLzzt + dLtt - bLzz + eL, + JL = bMzz - JM, 

KOTOpoe Heo6xo,n:HMO J.J:OilOJIHHTb KpaeBblMH YCJIOBHSIMH npH t = 0: 

Lez, t) I t=+O = Loez); 

aLez, t) I _ . 
iJt t=+O - LI ez), 

a2Lez, t) I = L ez). 
at2 t=+O 2 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

Ey,n:eM noJiaraTh, lfTO cpyHKU,HSI Li(z) HenpepbIBHa, cpyttKIJ,HSI L1 ez) HMeeT HenpepbIBHYJO 

nepeyJO npOH3BOJ.J:HYJO, <PYHKI.l,HSI Loez) - HenpepbIBHYJO BTOpyJO npOH3BOAHyJO. 0TMeTHM, 

t{TO cpyHKl.J,HH Loez), Ll ez) H L2ez), B006~e roeopSI, HHKaK He CBSI3aHbl C <PYHKI.l,HSIMH <p 

H <J>. 
YpaetteeHe (2.9) c KpaeBbIMH yCJioBHSIMH (2.10) 06pa3yeT 3a,n:aqy KomH, pemettHe 

KOTOpOH MO::>KeT 6bITb Haii,n:eHO MeTOAOM Co6011eea (3 ]. Jl.1151 :rroro npo,n:OJJ::>KHM <PYHKIJ,HH 
Li (i = 0, 1, 2), a TaK::>Ke L H 

HyJJeM npH t < 0, HanpHMep, 

L = {L, t ~ O; 
0, t< 0; 

Cl>yHKIJ,HSI z YAOBJieTBOpSieT ypaeHeHHJO 

R _ {R, t ~ 0; 
- 0, t<0. 

§Z = R + [L2 - ~Lo+ %LI+ ~Lo]c5et) + 

d2L0ez) 

dz2 • 

(2.11) 

Tipeo6pa30BaHHe <l>yphe no nepeMeHHOH t a npe,n:eJiax -oo < t < 00 c SIJ.J:POM 

expe-iwt), npHMeHeHHOe K onepaTopy §, npHBOJ.J:HT K CJie,n:yJO~eMy o6blKHOBeHHOMY AHQJ-

cpepeHIJ,HaJibHOMY ypaBHeHHJO ,U:JISI cpytt,n:aMeHT3JlbHOro pemeHHSI f!(z, w): 
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Ho TOrAa AJrn z > 0, T.e. AJrn BOJIHbI, ABHX<ym;eiksr BrrepeA, 

= _!_ H ( ) (_z_· -J sin [zk(w)] 
::-2 v z . b k(w) ' 
V W - z-

a 

Hv(z) = {0, rrpH z < 0; 
l, rrpH z;::; 0 

- cpyttKU.HSI X3BHcaflAa; 

- TaK Ha3bIBaeMblH BOJIHOBOH BeKTOp; 
ir +oo 

4- 1 0 f (z, t) = 2n f dw exp(iw t) f+(z; w) = 
ir

0
-oo 

ir
0

+oo 
1 1 J i sin[zk(w)] . b 

= ;-flv(z) 2n _ dw --_-b k(w) exp(z wt); i-0 = const > a· 
tT-00 w-z-

0 a 

Jl,JISI BOJIHbl, ABH:>KyIIJ,eHCSI Ha3aA, T.e. AJISI z < 0 

TaKHM o6pa3oM, 

6 

~(z;w)= 

= _ ~v(-z)(-i -J sin[zk(w)] 
v w _ /!_ k(w) 

a 

<R 1 ( i ) sin[zk(w)l. ~ (z; w) = ""'?,[Hv(z) - Hv(-z)] w _ i ¾ k(w) , 

(2.14) 

(2.15) 

(2.16) 



i-r
0

+00 

f(z, t) = ~ J dw exp(i wt) f(z; w) = 
i-r

0
-00 

i-r +00 

1 1 °J i sin[zk(w)] . = S [Hv(z) - Hv(-z)] 2n dw --_-b k(w) exp(i wt); 
V i-r-00 W-L-

o a 

b 
•o = const > a· 

(2.17) 

PemeHHe 3aJ:(a1m KomH (2.9)' (2.10) npeJ:(CTaBmieTC.sl B BHJ:(e csepTKH ct,yHJ:(aMeHTaJihHOro 

pemeHH.sl c npaBOH 'laCThIO (2.12). HanpHMep, /l.Jl.sl BOJIHhI, /l.BH)Kym.eHC.sl Bnepe/l., HMeeM 

L +(z; t) = (~)+{dz j d-r f+ (z; -r)Mzz(z, t - -r) -
-00 0 

+00 

+ Ldz [ Lz(z) - % Lo(z) + ~ LI (z) + ~ Lo(z)] 1+ (z; t) -

3. IIPOCTPAHCTBEHHO-BPEMEHHA51 <I>YHKU:1151 rPMHA 

JJ:JI.si: TOI"O 'lT06bI Jiyqme npe)l.CTaBJI.slTh oco6eHHOCTH ypasHeHH.sl (2.1), Hap.si:J:(y C HC­

CJieJ:(OBaHHeM 3aJ:(a'lH KomH IlOJie3HO paCCMOTpeTh CTaHAapTHhIMH MeTOJ:(aMH /l.BH)l(eHHe HeH­

TpOHHOro HMilYJlhCa F(z, t) B aKTHBHOH cpeJ:(e, CBOHCTBa KOTOpOH npeJ:(ITOJiaraeTC.sl OilHChIBaTh 

3THM ypaBHeHHeM. C 3TOH u;eJibIO ct,yHKI.J;H.sl F(z, t) o6hI'lHO npeJ:(CTaBJI.si:eTC.sl HHTerpaJIOM 

<l>ypbe 

+00 

F(z, t) = J dwE(w)e-i[k(w)z-wt], (3.1) 

KOTOpbIH MQ)KHO paccMaTpHBaTb KaK cynepn03HI.J;HIO IlJIOCKHX MOHOXpOMaTH'leCKHX BOJIH 

UBHAa 

U(z, t) = exp[i(wt - kz) ]. (3.2) 

3):(eCb k - BOJIHOBOH BeKTop; w - 11aCTOTa. 

MHTerpan (3.1) OilHChIBaeT npocTpaHCTBeHHO-BpeMeHHOe pacnpeJ:(eJieHHe IlOJl.sl OT HC­

TO'lHHKa, pacnOJIO)KeHHOro s Ha'laJie KOOP/l.HHaT z = 0, KOTOpbIH H onpe)l.eJI.si:eT 

+00 +00 

F(O, t) = LdwE(w)e-iwt; E(w) = ~LdtF(O, t)eiwt. 

ITOJ:(CTaHOBKOH ct,yHKI.J;HH u BHJ:(a (3.2) B (2.1) nonyqaeTCSI CB.sl3hIBaIOm;ee BeJIH'lHHhl 

k u w /l.HCnepCHOHHOe COOTHOIDeHHe, KOTOpoe 6yAeT npeJ:(CTaBJI.slTh co6ou aJire6paH'leCKOe 

ypaBHeHHe TpeTbeH CTeneHH OTHOCHTeJlhHO '-laCTOThl w 

-icw3 - dw 2 + i(e + ak2)w + (/ + bk2) = 0 (3.3) 
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11JIH (cp. c ¢opMyJIOH (2.15)) 

(
c) cv

3 
- i % cv2 

-
k2 = - . 

a CV - l 
a 

r.n.e cv
0 

= bl a; cv i (i = 1, 2, 3) - KopHM aJire6paM1.fecKOro ypasttettm1* 

I fm(w 

50000 0 

40000 0 

0 

20000 0 

0 

I 
I 

....., 

kt 

3icv) = cv 3 
- i(%)w2 

- (f )cv + i(~) = 0. (3.5) 

Ha p0c. 1 H3o6pa)KeH yqacTOK .n.0c­
n e p cH o H HOH KpHBOH, OTse1-iarom;ei1 

TpeTheMy KOpmo ypaBHeHHSI (3.3), rrpH 

H3MeHeHM0 BOJIHOBOro BeKTOpa k OT 0, I 
.n.o 2,25 1/ CM. KaK BM.U.HO M3 pttcyttKa, 

3TOT KOpeHb .n:0cnepCHOHHOro ypaBHeHH51, 

paccMaTpHBaeMblH B 33BHCHMOCTH OT 

BOJIHOBOro BeKTOpa' HHTepeceH TeM, llTO 

npH M3JlbIX k HMeeTC51 yqaCTOK, r.n.e 

lOOOO~e rwt,0000 ITT(w) 6JIM3Ka K HYJIIO. I1Halle roBOpSI, rrpH 

npe,n:cTaBJISIJOID;HX HHTepec JJ:JI51 ¢H3HKH 
P11c. 1. 1faCT0Ta w!cccpt KaK QJYIIKUHII B0ml0B0ro BCKT0pa 

k AJlSI ypaBHCHl111 (3.4) npH 0, I < k < 2,25 HewTpOHOB 3HalleHHSIX reoMeTpHlleCKOJ'O 

~ ~ -----.-----,----,----.--= napaMeTpa ypastteHHe (2.1) .n:onycKaeT 

-0,000 

-0,0006 

Im 
·0,00008 r--,--,--------i---=:::r::=F==J11 
.o.0001 .'-----+....-~--+=----1---1---l 

TaKoe pemeHHe, 'ITO IlOTOK HeHTPOHOB He 

OCU.HJJJIHpyeT, a MO)KeT TOJibKO B03pa­

CT3Tb HJJH yMeHbll3TbCSI. 

P0c. 2 npe,n:cTaBJJSleT 33BHCHMOCTb 

- 1--t-- +--i--A-I k(w) rrpH H3MeHeHHH W BJJ:OJib .n:eiiCTBH­

TeJibHOH oc:11 OT w = 0 (TOl.fKa S) .n:o 
w = 25 (TO'IKa F). Ha p:11cyttKe BHJJ:HO, 

l.(TO MHHMaSI ll3CTb BOJIHOBOJ'O BeKTOpa OT-

-0,0008t=kj .. :; l=,4=t =:::t====~~:::::1::==:t=:~j pHIJ,aTeJihHa BO BCeM .n::11arra3oHe 1.f3CTOT 
OT O .n.o 00 H, CJie.n.oBaTeJlbHO, C pOCTOM 

0,12875 0, 129 0,12925 0,1295 0,12975 ,IRelkf'IJ025 KOOpJJ:HH3TbI Z 3MilJIHTy.D;a BOJIHbl YBeJIH-

P11c. 2. 3aBl1CHM0CTb B0Jlll0B0l'O BCKT0pa k OT lfUCT0Tbl 

w = a + iT; 0 < a < I 00; T = 0 
llHBaeTC51**, llTO OTBe'laeT cnyqaJO aK-

THBHOH cpe.D;hl. 
PaCCMOTPMM aCHMilTOTHlleCKOe pa3JJO)KeHHe 33Bl1CHMOCTH k(w) np11 W ➔ oo; 

w YI y2 
k(cv) X -= + Yo + --. - + 2 + .. · 

v w - zw 0 (w _ iwo) (3.6) 

*OTMCTl1M, lfTO ro.11orpa(jJ M11xai1J10Ba AJlSI 0•ICBHJIHblM o6pa30M CBSl33HH0l'O C :::3 n0J111H0Ma C BCLUCCTBCHHblM11 

KOSQJQJHUHCHTaMl1 

npoxo.11~1T •1e p e3 T0 4KY 1/' = 0 np11 ycnoem, JI d = el c. 3-ro ycnoe11e M0>KH0 paccMaTp11eaTb KaK Kea.11pan1oe ypae-

11e1111e, onpe)1CJ1 SIIOLUCC BCJ111'1HHY 1'L/ = (11"f.}< 11 C00TBCTCTBYIOLUYIO •iacT0TY W = w<c) B0JlHbl, J1811>KYLUCHCSI 6e3 

3aTyxa1111S1 11 yCHJ1CHl1SI. 

**CTp11MC•IUTCJlbHO, 'IT0 TaKOC npocTpa11CTBCIIIIOC yc11ne1111e HCHTp0HH0H B0JlHbl 0Ka3blBaCTCSI 0•ICHb MaJlblM 

(< 0,001) no cpaBHCHl110 KaK C KOSQJQJ11U11CIITOM pa3MII0>KClll1SI B 6eCKOHC 11H0(t cpe.11e k_ = v"f./"£.c, TaK 11 C BB0-

)111MOH .11anee BCJ111411H0H Yo· 3TO o6CTOSITCJlhCTBO M0>KCT CJlY>KHTb 0AHl1M 113 apryMCHT0B B n0Jlb3Y ypaBHCH11H 

T04C4HOH Kl1HCTl1KH . 
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3.n.ecb 

v = lim ~ = ~ = v -{I 
lwl ➔ oo k(w) C 3 

- rrpe.n.eJibHaSI CKOpOCTb pacrrpocTpaHemrn: HeihpOHHOH BOJIHbl B P1-rrpH6JimKeHHH; 

Yo= iv<iwo - w1 - w2 - w3); 

(3.7) 

_ 1 [ 2 2 2 2 · ]· Y1 - Sv -(3w0 + w1 + w2 + w3) - 2uv0(w 1 + w2 + w3) + 2w 1(w2 + w3) + 2w2w3 , 

1 {· 3 3 3 3 2 2 y2 = 16v (zwo - WI - W2 - W3) - Wo(wl + W2 + W3) + wl(w2 + W3) + 

+ w~w3 + w2w~ + w0 [i(w; + w~ + w~) - 2u.o 1(w2 + w3) - 2iw2w3] + 

+ w 1(wi - 2w2w 3 + wN, 

(3.8) 

IlpocTpaHCTBeHHO-BpeMeHHaSI c.pyHKll.HSI fpHHa G(z, t) orrpell,eJISleTCSI HHTerpaJI0M [4] 
+oo 

G(z, t) = JnLdw exp{-i[wt - k(w)z]} (3.9) 

n y.n.oBneTBopSieT Ha1c1anhH0MY yCJJoBHJO G(O, t) = c5(t). OcHOBHoe CBOHCTBO ¢yHKIJ,HH 

G(z, t) COCTOHT B TOM, 'lTO c ee IIOMOIIJ,blO ¢opMyJia (3.1) rrpe.n.cTaBJISleTCSI B BH.D.e CBepTKH: 

+oo 

F(z, t) = J dt'G(z, t - t')F(O, t'). 

lifa orrpe.n.enemrn ¢yHKIJ,HH fpHtta G(z, t) cne.n.yeT, '-ITO 

a 
G(z, t) = at H(z, t), 

r.n.e 

i T +oo 

H(z, t) = in. 0

J ( ~':w) exp{-i[wt - k(w)z ]}; -r0 > w 0. 

'·•o-oo 

(3.10) 

(3.11) 

<l>yHKIJ,HSI H(z, t), KaK H G(z, t), rrpH z > vt paBHa HYJIIO, a rrpH z < vt M0)KeT 6bITb CBe.n.eHa 

K HHTerpany no KOHTYPY B BH.D.e rrpS!MOH, rrapaJIJieJihHOH MHHMOH ocH. 

Jfa aCHMITTOTH'-leCKOro pa3JIO)KeHHSI (3.6) IIpH MaJihIX t - z/v> 0 (TaKHX, '-ITO apryMeHT 

¢yttKIJ,HH Becce1rn / 0 H 11 MaJJ) MO)KHO rrony'-IHTh CJJe.n.yJOIIJ,ee npH6JIH)KeHttoe Bbipa)KettHe 

(CM. rrpHJI0)KeHHe 1): 

G(z,t)={c5(t-f) + [10 [2 ✓(Y0 z)(t-f)] + 

+ ~ 11 [d(Y1,) (t - ~)] exp[w0 (t - ~) J] w0 } exp(ff0,). (3.12) 

Pe3yJihTaTbl pac'-leTa no 3TOH ¢opMyne HJJJIIOCTpHpyeT pHc. 3. 
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P1-1c. 3. Ac1-1MnTOTl-l'leCKaS1 '13CTb (np1-1 60JJb­

WI-IX '13CTOTaX) npOCTpaHCTBeHHO-BpeMeHHOH 

cj)yHKU.1-11-1 1p1-1Ha G(z, t) HeCTaU.I-IOHapHoro 0)),­

HOCKOpocrnoro ypaaHemts1 nepeHoca Hei1Tpo­

HOB C 0):IHOH rpynnoi1 3ana3):lblB310[1J.I-IX HeHT­

pOHOB 

4. rEOMETPHqECKA.Sl ACHMIITOTHKA 

11cxO]lHblM rryHKTOM }lJI51 IIOCTpoemrn reoMeTpl.P-IeCKOH aCHMIITOTHKH 51BJISTeTC51 MaJIOCTb 

K03Q)Q)HU.HeHTa C nepe]l crnpmen npmt.380/lHOH no BpeMeHH B ypaBHeHHH (2.1). 11Me51 B 

BH/lY 3TO o6CT051TeJihCTBO, 3aIIHIIJeM perneHHe ypaBHeHH51 (2.1) B BH]le CJie]lyrom:ero p51]la 

rro cTeneHSIM MaJioro napaMeTpa c 

U(z, t) = exp[¾ S(z, t)] I, (ict 'l)n)(z, t), 
11=0 

(4.1) 

r]le S(z, t) H cp<11)(z, !) - HeH3BeCTHhle QJYHKU.HH. 3TO pa3JIO)KefflJe 51BJI51eTC51 o6o6m;eHHeM 

npe}lCTaBJieHH51 (3.2) H MO)KeT 6bITb HHTepnpeTHPOBaHO KaK HCKa)KeHHa51 IlJIOCKa51 BOJIHa. 

OrpaHH'lHMC51 B pa3JIO)KeHHH (4.1) 'lJieHaMH HyJieBoro nopSI}lKa no c: 

U(z, t) = exp U S(z, t)] cp(O)(z, t). (4.2) 

IlO}lCTaBJI5151 3TO Bbipa)KeHHe B (2.2), HaH}leM (CM. npHJIO)KeHHe 2): 

s2 - .!_ v2S2 - (id)S = O· t 3 z t , 

[
. 1 21 2 . 2 2 3 1 2 ] (0) (4 3) teSt + 3 v ASZ + (zd)S,t + 3 v szsz, - ststt + 3 v Sfzz cp + · 

+ [(id - 2S )S ]cp(O) + (l v2 S S ) cn(O) = 0 t z t 3 t z rz · 

1-IT06h1 nOCTaBHTb 3a}lat.ty Kornn }lJI51 CHCTCMbl (4.3), BBe]leM }lBe QJYHKU.HH V(z) H W(z), 
TaKHe, '!TO 

(4.4) 

H IIOTOMY 

S(z, t) I t=0 = V(z); cp(O)(z, t) I t=0 = W(z). (4.5) 

Jl,JISI 3aIIHCH xapaKTepHCTH'leCKOH CHCTeMbl ypaBHeHHH, OTBet.tarom:eH rrepBOMY ypaB­

HCHHlO CHCTeMbl (4.3) , Yll06Ho nepe»TH K CTaH]lapTHblM o603Ha'leHH51M sz = P, st= q, C 

IJOMOIIJ,bIO KOTOpbIX ypaBHeHHe }lJI51 Q)a30BOH QJYHKU.HH S(z, t) rrpHMeT BH}l 
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F(z, t, p, q) = q2 - (id)q - (½ v2)p2 = 0. (4.6) 

B 3THX o6o3Hal-JeHH5IX xapaKTepttcT11l-JeCKOH CHCTeMOH ypastteHHH ,rvrn cpa30BOH cpyHKIJ.HH 

6y.r1cT CJie)],yIOm,aSI: 

dz (2 2) dt . da = FP = - 3 v p; da = Fq = 2q - (td); 

dS = pF + qF = -(l v2)p2 + 2q2 - (id)q· da P q 3 . ' 
(4.7) 

HaYaJibHhie .i:1annh1e z0 , t0 , p0 , q0 AJISI 3TOH c11cTeMht ypasttenuu AOJI)KHhI y.i:1osJieTsopSITh 

yCJIOBHlO 

F(zo, to, Po, qo) = q5 - (id)qo - ( ½ v
2
) Po = O. 

PewemrnMH CHCTeMbT (4.7) 51BJI51IOTCSI JIHHeHHhie cpyHKU,HH. JTO O3Ha•rneT, l-JTO rrpe,l:ICTaB­

JJeHHe (4.1) pememrn ypaBHeHJ1SI (2.1) c rJiaJJ;KHMH BO BCeM npocTpaHCTBe ¢YHKU.H5IMH 

S(z, t) 11 cp(n)(z, t) OKa3hIBaeTCSI Ol-JeHh 6e):IHbIM • 

.l1:JI51 IlOCTpOeHl151 HeTpHBl1aJihHbIX pemeHHH C oco6eHHOCT51Ml1 cpyHKU.H11 s Tpe6yeTCSI 

JJ;pyraSI TeXHHKa [5 ]. IlepBbIH mar Ha 3TOM nyT11 COCTOHT B TOM, •IT06bt pa3peIIIl1Tb ypaB­

HeHHe (4.6) OTHOCHTeJibHO q: 

(4.8) 

3aTeM Tpe6yeTCSI orrpeJJ;eJIHTb raMHJlbTOHl13H 

H = _ i. d _ ✓ (lv2) p2 _ l. d2 
2 3 4 

11 nepem-rcaTb ypasaett11e (4.8) B BHJl,e 

q + H(z, t, p) = 0. (4.9) 

B 3THX o6o3Hal-JeHJrnX nepBbie ypaBHeHHSI xapaKTepHCTl1'1eCKOH Cl1CTeMbl, onpeJJ;eJI51lOIIJ,11e 

<<Q)OK3JlbHYlO KPHBYIO», 06pa3y10T raMHJibTOHOBY CHCTeMy 

dz = aH. !:!J!.. = _ aH = O 
dt ap' dt az ' 

a «yCJIOBHe ITOJIOCbl» 3aITHCbIBaeTC51 B cpopMe IlOJIHOro ):11-fqlqJepeHu,HaJia 

dS = (q + pHP)dt. 

IIPllJIO)KEIDfE 1 

(4.10) 

(4.11) 

B caMOM ):leJJe, 11CilOJJb3Y.SI aCHMITTOTHl-JeCKOe pa3JJO)KeHHe (3.6), MO)KHO 3aTIHCaTh, l-JTO 

i-r
0

+oo i-r0 +oo 

H(z, t) = in. J dw -~w exP{-i[wt - zk(w) I} x in. J dw -~w exp{-i[wt - fw -
t-r

0
-oo 1-r

0
-oo 
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Ho 

npH ycJJORHH , ,noO < t - z/v < Y1zlw6, rne /\2 == - Y,zl (t - f); z > 0; 1/x) - cpyHKl.l,1151 

Becce1151 nopSI)lKa v. 
B »aweMnp11Mepe Y

1 
> 0, no::>TOMY )lJJSI H(z, t) no11rIaeTcSJ np11611m1<eH»oe sbrpa)Kett11e 

H(z, t)::::: exp(iY 0z) exp [w0 (t - f)] L +i [-i ~ 2 (t - f)] 
11 

1211 [2 ✓ (Y1z) (t - f)], 
11=0 I (TTl.1) 

r)].e, 8 CBOJO O~Iepe)lb, fix) == (i)-1']1,(ix) - cpyHKU.HSJ EccceJ15l MHHMOro apryMeHTa; V -

u.e11oe. 
TIPI1JIO)KEHI1E 2 

HcKOTOpbIC 43CTHble peUICHH51 nepsoro (HCJIHHCHHOrO) ypasHCHHSl 3T0l1 CHCTCMbl tta­
XO)lSITCSl O<iCHbJJerKO. TTyCTb, ttanpWMCP, sz == f(z, t) , rnc/(z, t)- HCKOTopaSI npOH3BOJlbHall 

Q)YHKU.WSI. Torna H3 (4.3) CJICAYCT 

. ✓ l l l (1 l )-l/2 
st==½ d ±3 v2/2 - 4 d2 H TTOTOMY szl == ± 3 v2

/ 3 v
2/2 - 4 d

2 
fz• 
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B TO )Ke BpeM.si S zt = f,, H MbI npHXO):(HM K ypastteHHJO OTHOCHTeJibHO <l>YHKll;HH f 

l ( I I )-I 12 
± 3 v2/ 3 v2J2 - 4 d2 = I, 

HJIH 

t2 - (i vJ !!.:.) 2 __ ff __ 
- 2 V .!_v212-t2' 

3 z t 

Ilpeo6pa3oBaHHeJle)KaH):(pa/z = ~;/, = 17; z = g~; t = g
17
;J = gj + g

17
17 - g):(aeTJIHHeilHoe 

ypaBHeHHe 

(TT2.l) 

pemeHHe KOToporo HaXO):(HTCSI CTaH):(apTHblM MeTO):(OM xapaKTepHCTHK (6 ]. 
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CTaTbSI nocryn11na e pe11aKu,1110 10 cjlenpanSt 2000 r. 

BonpOCbl aTOMHOH uayK11 11 TeXHHKH, 

Cep. <l>H311Ka Sl)1epHblX peaKTOpoe, 2000, BblTI. 1, c. 3-13. 

HECTAQMOHAPHhIE HO,[(AJlhHhIE MO,[(EJIM 
IlJIOCKOro PEAKTOPA B p2N+I-TIPMBJlll)l(EHlll1 

B.10. Il.M1.ut1Ceauit, B.H. Ce1,teHoa, C.A. </Jpo1waa, 
PHI.{ <<Kyp11amoac,cuii, imcmumym», 123182, Moc,caa, nJt. A,caae.Mu,ca Kypitamoaa, 

Ilpe,!IJlaraeTCSI MeTOJI nOCTpOeHl11l HeCTaU,HOHapHblX H0)1MbHblX M0)1eJieH 0JIOCKOro peaKTOpa. Ilpou,ecc ne­
peHoca HeHTpOHOB B peaKTope OTil1CblBaeTCSI B MHOrorpynnOBOM p2N+l-np116muKeH1111 MeTO)la ccjlep1111eCKl1X rap-

MOHl1K C y11eTOM 3ana3)1b1Ba10w.11x HeHTpOHOB. Ilp11Be)leHbl pe3yJlbTaTbl pac'leTHOro aHaJ1113a TO'lHOCTl1 11eyxrpyn­
nOBOH M0JleJll1 B Pl - np116J111>KeH1111 . 

TIME-DEPENDENT NODAL MODELS OF THE SLAB REACTOR IN THE P2N+i APPROXIMATION. 

V.Yu . PLYASHKEVICH, V .N. SEMENOV, S.A. FROLOVA. The method for constructing time-dependent nodal 
models of the slab reactor is proposed. Multigroup P2N+I approximation of the method of spherical harmonics for 

neutron transport, accounting delayed neutrons, is used. The results of calculational analysis of the accuracy of 
the two-group model in the P

1 
approximation are presented. 
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BBE,ll,EHHE 

B noCJJeAHee speMSl H0A3JlhHhle MeT0AbT WHP0K0 np11MeH5IIOTCSl npn pcrnCHHlf pa3JIJ1lJ­

HMX 33A3'I nepettoca HCHTp0H0B B reTeporCHHhlX cpeAaX. Ott11 TI03B0Jl5l!OT ycnewtto pernan, 

3aA3l!J1 C A0CT3T0lJ.H0 KPYTTHblMl1 npoCTpaHCTBeHHblMH H0A3Ml1. B lUICJICHHbJX MCTOA3X Te­

op1111 nepettoca HCHTPOH0B CA11H35l T0lJ.Ka 3peHHSI Ha 3T0T IT0AX0A IT0Ka em,e He Bbrpa6oTaHa. 

O6m,11M MeCT0M B H0A3JlbHbIX MCT0A3X SlBJI5leTC5l BbI6op npo6HhIX QJYHKUHH, OIUICbIB3l0llJ,HX 

np0CTpaHCTBCHH0e TT0BCACHHC pewemrn 33A3411 B H0A3X. Pa3JJ0)KCHJ1Sl pClllCHHSI B H0Aax 

no npo6Hb!M QJYHKU,JilSlM 11CTT0Jlb3YIOTCSl npH BbTB0AC ypaBHCHHH, M0,llCJIJitPY!OllJ,HX npou.ecc 

nepettoca tte1hpottos B cpe,lle. 

B AaHHOH pa6oTe np11B0AHTCSl TT0CTp0CHl1C HCCT3U,110HapHblX H0AaJJI,HblX (B TOM lJ.HCJle 

HeJIHHCHHOH) MOACJICH TTJI0CK0ro peaKT0pa. Tip11 3T0M npCATT0JJaraeTCSI, lJ.T0 npou.ecc ne­

pettoca HCHTPOHOB B peaKT0pe 0TIHCbTB3CTC51 MH0rorpynn0BblMH ypaBHCHH5lMI1 rrp0CTpaH­

CTBCHHOH Kl1HCTl1Kl1 C 33TT33AbIB3IOllJ,11Ml1 HCHTPOH3Ml1 B p 2N+ ,-np.n6mr:>KCHl111 MCT0Aa c¢e-

p11lJ.CCKJ1X rapM0Hl1K. 3QJQJCKHIBHOCTb npe,llJJ0:>KCHH0ro MeT0,lla ,llCM0HCTPHPYCTCSl Ha np11-

Mepc AByxrpyrrnOBOH HO,ll3JibHOH M0,llCJil1 ll p I -nplir6JI1f)KCHHH. B OCH OBY CT3Tbl1 TI0JI0 :>KCHbl 

pe3yJibT3Tbl HCCJICAOB3HHH 3BT0p0B , C0ACp:>K3llJ,HCC5l B [l ]. 

MATEMATMqECKA51 MO,ll,EJib IIPOU:ECCA IIEPEHOCA HEMTPOHOB 

Pa,llH np0CT0TbJ H3JI0)KeHl15l orpaHHlJ.HMCSI 0,llH0rpyrrn0B0H' 33,ll3lJCH. B 3T0M CJiylJ.ae 

ypaBHCHl1Sl npoCTpaHCTBCHHOH Kl1HCTJilKH TTJI0CK0ro peaKT0pa ,llJISl QJYHKU:HH pacnpCACJICHHSl 

HCHTpOHOB <P(t, X, fl) 11 TTJIOTHOCTCM npC,lllllCCTllCHHHK0B 33TT33,llblB3JOUJ;HX HCHTpOHOB 

C 111(t, X) JamICbIBaJOTCSl B CJle,llyJOm,eM BHAe [2 ]: 

1 a<I> a<I> M v Tt = -µ ax - L,<t> + s + (l - /3)Q + L Ame,,,; (1 ) 

m=l 

uC,n I at = -J.
111

C
111 

+ {3
111

Q; m = l, ... , M. (2) 

3AeCb M - llJ1CJI0 copT0B npe,llWCCTBeHHHK0B 33TT33,llhTB3JOLUHX HCHTpOHOB; Lt - TI0JIH0e 

CClJ.ett11e B33Ji1MOJJ,CHCTBl1.51 HCMTpOHOB; V - CK0p0CTb HCHTpOHOB; \n - TI0CT05lHH35l BpCMCHH 

pacJiaAa TIPCAlifCCTlleHHHK0B 33ITcl3.ll,blB3IOllJ,11X HeHTpOHOB; /3111 11 /3 - napu:11aJihH35l ,ll0JI5l 11 

IT0JIH351 A0J151 33TT33AhIB3JOllJ,11X HeHTpOHOB. 11CT04HJilK HCHTpOHOB p a CCC5JHJil5l S = 

= 1/2 I, (2/ + 1)L
5
,lr)<t>p, x)P/,JI), me PJp) - MH0rotJJICH Jle)K3H,llpa /-ro nopSI,llKa; 

l=O 
1 1 

<I>1(t, x) = f <l>(t, x, µ)Pl,p)dp 11 Ls,{r) = f LsCx, fl)Pi(µ)d,u - l-e yrJI0BhIC M0MCHThI QJYHK-

-1 - 1 

U:HH pacrrpeJ.J,CJICHl1.5l <P(t, x, fl) 11 CClfCHHSl paCCC51Hl151 HCHTpOHOB LiX, µ). MCTOlJ.HHK HeM-

TPOHOB ACJICHHSI Q = (vL/2)<1>0 (t, x), rJ.J,e vL1 - cetJ.ett11e rettepau:1rn tteihpottoB. Ko::i¢­

QJHU.HCHThI B CHCTeMe ypaBHCHHH' KHHCTHKH cyTb xap3KTCp11CTHKH MaTepH3JibH0I'0 C0CTaBa 

Q)Ji1311lfCCKHX 30H peaKT0pa . Ott11 5lBJI51IOTC5l KYC0lfH0- TT0CT05lHHbIM11 QJYHKU,HSIMH npoCTpaH­

CTBCHH0.11 nepeMeHHOH. 

PeruCHHC CHCTCMbl ypaBHCH11H Kl1HCTl1Kl1 6yAeM HCK3Tb AJISl scex O < t :5 T npH 

-1 :5 fl :5 l 11 0 :5 x :5 H, rJ.J,e H - pa3Mep peaKTopa. Ha Jieso11 11 npasott rpattttu,ax pe­

aKT0pa A1151 QJYHKU.1111 pacnpCACJICHHSl HCH'Tp0HOB CT3BHTC51 rpaHMlJ.H0e ycJI0BHe CB060,llHOH 

nosepXH0CTM: 

<P(t, 0, fl)= 0 np11 µ > 0; <l:>(t , H, µ) = 0 np11 fl< 0. (3) 
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KpOMC Toro, K CltCTCMC ypaRHCIHl~I npltCOC)lltHIIIOTCSI Ha4,HlbHhlC ycJJORl1SI 

<1>(0, x, ,11) = <l>(O)(x, ,u); C,/0, x) = C~~)(x), m = I, ... , M, (4) 

r)lC R npaBh[X 4aCTSIX paRCHCTB CTOIIT QJYHKll1111 pacnpC)lCJICHJ1S1 11 nJJOTHOCTII npc.n.wccr­

BCHHl1KOB 3ana3.D.b1Ba10w11x H61Tp0HOB, COOTRCTCTRYIOlll11C COCTOSIHl110 pcaKTOpa H MOMCHT 

RpCMCIUI f = 0. 
C1,1cTeMa YP~IRHCHlli"f Kl1HCT11KI-I (I)' (2) C rpaHlll!HhlMII ycJJOBH5lM11 (3) .!J.JISI w11p0Koro 

KJJacca HatJaJJhHblX .n.aHHblX R (4) IIMCCT C.!J.11HCTBCHHOC pCWCHHC Ha Jlt060M orpaHl14eHHOM 

1111TcpsaJ1c spCMCHH (0, TI. 
3aMCI-H1M ypaRHCHIIC ncpc1-1oca HCHTpOHOB :JKBHBaJICHTHOi,\ CHCTCMOH 113 .n.syx ypas­

HCH11i"1 .!J.Jl51 llCTHoi\ <I)+ 11 HC4CTHOH <P _ no yrnoRott ncpcMc1-11-1011 cocTaBJHIIOLLtl1X cjJy1-1Ku,1111 

pacnpeACJ1e1-111 si: 

I u<l> + 

vat 
u~ M 

-p ux- - I,<I>+ + s+ + (I -{3)Q + L,A11,c,,,; (5) 
111=1 

3,11,CCb S+ II S_ - llCTH,HI 11 HCllCTHa5I no yrJJOB011 nCpCMCHHOH COCTaRJJ51J-OLU11C HCTQtlHHKa 

I-ICHTPOHOB paCCCSIHIISI. TTpcHc6pcra11 l[JICHOM, CTOlllllHM B JICBOH 1iacn1 BTOporo ypas1-1e1-111S1, 

□ OJlytlHM CTau,110HapHOC ypaBHCHl1C 

c)(J) + 
-p ~ - I/JJ _ + S_ = 0. (6) 

Ynpow,Cttl-la51 TclKHM o6pa30M Cl1CTCMa ypaBHCH11tl K11HCTl1KH (2), (5), (6) Y:>KC I-IC 6y.n.cT 

y'l11Th1BctTh ROJ1HOByt0 n1mpo.n.y npou.ccca ncpc1-1oca 1-1cihpoHOR. CTau,110Hap1-1oc ypas1-tc1-111c 

8 3TO~I Cl1CTCMC HrpacT pOJJh 3aKOHa coxpaHCHIUl. 

EcTCCTBCHHO, 'ITO Tcncph TOJJbKO cjJyHKU.1151 cp +U' x, p) JlOJJ:>KHa YAORJJCTBOp51Tb 1-ta-

lJaJJhHOMY ycJ10B11J-O, KOTopoe np11tt11MacT B11A <I> +CO, x, 11) = <I>~\x, ft) c ttCTHOtt no yrnoso~, 

nepeMCHHOl1 COCT3BJ\5IIOW,el1 cjJyHKU.HH cJ>CO)(x, 11). rpaHJtllHhlC YCJJOBUII (3) 33nl1WCM B 3K­

B11BclJleHTHOM 811,11,C: 

<I> +(t, 0, p) + sgn /I <I> _(t, 0, 11) = 0; <I> +U' H, p) - sgn 11 <f> _(t, H, 11) = 0 np1111 ~ 0. 

CMcwaHHas1 3a)la'la .!l.JISI npco6pa30BaHHhlX ypaBHCHl1H npOCTpaHCTBCHHOH Kl1HeTl1KH 

TaK:>Ke 11MeCT C)ll1HCTBeHHOC pewCHIIC Ha IIHTCpBaJJe RpCMCt-111 (0, T 1-

Ey)lCM HCKclTb pCWCHl1C :JToi,'i 3a)lal(f,f B p2N+ I- npu6JJl1:>KCHl111 MCTO,Ua ccjJCpl14CCKl1X 

rapMOH11K [2 , 3 1. Tor)la np116J1H:>KCHHOC pCWCHHC 

N 
I 

<1>1(t, x, p) = l L, (41 + l)<f)~(t, x)P2/p); 
l=O 

I N 
<I>~(t, x,p) = 2 I, (4/ + 3)<J)~+ 1(t, x)P21+

1
(p), 

l=O 

r)le <1>1(!, x) - I-ICH3BCCTHblC Q)YHKU,1111. TTycTb BCKTOp-cjJyHKU,1111 <1>< 1)(1, x) = (cJJt(,, 
x)) l=O, ... ,N 11 <Ii2

)(1, x) = (cf>~+ l (1, x)) l=O,,,.,N· C11CTCMY ypaBHCHl114 npocTpaHCTBCHHOn 

KH.HCTl1KJ1 B P2N+l-np116J111:>KCHHl1 3an11WCM R BHAC 
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-A iJct>Cl) - B2<1><2) = 0; 
2 iJx 

(7) 

ac _,_,, = -,l C +/3 vLi::JlN0 · m = 1, ... , M. 
i){ Ill Ill Ill j ' 

3.!(CCb s, 11 B2 - ;:v,iaroHaJlhHble MaTp11U.hI: 

b~ 1? = Lt - Ls,O - (1 -/J)vLJ; b)~1 = Lt - Ls.I; b~,';) = Lt - Ls,2i-2; b~]) = Lt - Ls,2i-1; 

i = 2, ... , N + I. 

MaTp1u.1,h1 A
1 

= R 1A 11 .!1 2 = R2A*, rAe R I 11 R2 - .!(11arottaJ1bHh1e MaTp11u,h1: 

rCI) = _I_. (2) l . 1 N I 
i,i 4i - 3' ri,i = 4i - I; l = ' ... , + ; 

A - ABYXA11aroHaJJhHa}1 MaTp1-LUa: 

a 1, 1 =1; ai,;- 1 =2i-2; a;,;=2i-l; i=2, ... ,N+I; 

A* - conpmKCHH3Sl K HCH M3Tp11u.a. BCKTOp-q>yHKU.1151 qCI) = ( I ,1.,,,c/11, 0, ····j . 
l111=) 

K CHCTCMC ypaRHCHIIH np11C0CAl1H51IOTCSI rpaHH4HblC ycJJ0RHSI B11a,!(HMHpoea- aprnaKa 

[3], annpOKCHMHpy10w,11e rpaHH'IHhle ycJJOBl151 ceo60AHOl1 noeepxHOCTl1 ,!(JISl" ypaBHCHl151 

nepeHoca HCHTpOHOB. Ha JJCROK 11 npaeo11 rpatt11u,ax peaKTOpa OHJ1 3an11ChIBalOTCSI B CJie­

AYIOW,CM e11,!(e: 

n,<f>(1)(t, 0) + A,<f>(2)(t, 0) = 0 H n,<J>( 1)(t, H) - A,cJ>C2)(t, H) = 0, (8) 

rAe MaTpHu,a D
I 

= DR1I
• 311cMCHTh1 MaTpHU.hI D BhI4HCJl5rlOTCSI no q>opMyJJe di,/ = 

I 

= f pP2i_ 2(;,t)P2;_/J1)d11; i,j = 1, ... , N + I. Ha4aJ11,HhIC yCJ1oe1151 AJJSl rncTeMbJ ypaette­

o 
HHH HMelOT 811,!( 

(j)(
1)(0 , x) = (ct)&~)(x)L=o, .. ,N' c,,,(0, x) = c~~)(x); m = 1, .. . , M, (9) 

r,!(e <1>&~\-.:) - yrJJORblC MOMCHTbl Q)YHKU,1111 cf>~)(x, p). 

B np116mt)KeHHOH CHCTeMC ypaeHeHHH npocTpaHCTRCHHOtt KHHCTl1KH CTaU,HOHapHble 

ypaBHCHHSI 11rpaIOT p0Jlb 3aK0HOB coxpaHCHl1Sl. vfCKJJIOlf11B 113 Hee cJ>C2), no11y•111M «Cl1M­

MeTpl130BaHHYlO» q>opMy ypaeHeH11ii K11HCT11K11 c napa6o1111l.fCCKl1M oncpaTopoM: 

..!_ a<Ii') =..!!.._(A s-'A ) a<Ii') - B <f>(I) + (!). 
v i){ iJx I 2 2 iJx I q ' (I 0) 

iJC 111 I iJt = -,1_,,,C,,1 + /3111v"'I/f>~; m = I, ... , M. 

K :now Cl1CTCMC ypaeHeHHH np11COC,!(l1HSIIOTCSI HalfaJlhHblC yc11oe11s1 (9). rpaHl1lfHhlC YCJIOBHSl 

AJISI Hee np11H11MaIOT Bl1.ll, 

n 1<1i 1)(1, 0) - (A 1B21A2) a~ <))< 1)(1, 0) = 0; 

D 1<Ii 1)(t, H) + (A/321.!1 2) iJ~-.: <Ii 1)(t, H) = 0. 
(11) 

TIOCTPOEHl1E HO,LJ,AJlhHhlX MO,Ll,EJIEH 

np11 nocTp0eHHl1 M0ACJIH Ka)K,!(aSl Q)113HllCCKas1 30Ha peaKT0pa pa36irnaCTCSl Ha 9Jle­

MCHTapHblC 061,eMbl - H0,!(hl. O6o3H3lf11M l(CpC3 K o6lll,CC 411CJIO H0A0B Ha 0TpC3KC 10, H ]. 
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3aHyMepyeM HX CJie Ba HanpaBO U,CJlblMJ.1 lfHCJI3MH OT I AO K. llycn, xk- l /2 H Xk+ I /2 -

neeast 11 11paBaS1 rpaHHU,bI k-ro tto,na, Tor.na ero pa3Mep hk = xk+l/2 - xk- l/2• 

Ey,neM o6o3Hall.1Tb lfepe3 <IJf~ 1/2 3H3lfCHHSI BeKTOp-cpyHKU,HH <IJ(2)(t, x) Ha rpaHHU,ax 

HO)'.IOB. IlyCTb q;fl) = /q)'it,it)) _ H C
111
,it) - Cpe)'.IHHe 3HalleHHSI 110 HO)'.laM BeKTOp-

~ 
4 

l-0, ... ,N 

cpyHKU,HH <J>( 1)(t, x) H nJIOTHOCTeii npe)'.lmecTBeHHHKOB 3ana3)'.lbIBaJOm;Hx He»TpOHOB 

C,/t, x) . Ycpe)'.IHSISI no HO)'.laM HCCTaU,HOHapHbie ypaBHeHHSI B CHCTeMe (7) , nOJIY'IHM ypaB-

HCHHSI 6a11aHca: 

dq;c 1) [<1Jc2) <IJC2) l _!_ _k_ = -B q;n) _ A k+l/2 - k-1/2 + -o). 
v dt I k I hk qk ' 

(12) 

dc,,, ,kldt = -A,,lm,k + /3,,/'2:.JPik; m = 1, .. . , M; k =I, ... , K, 

r)'.le eeKTop-cpyHKu,1111 q~1
) = ( r \,lm,k' 0, ... , o). Ko3cpcp11u,11eHTbI e 3THX ypaBHeHHSIX 

111=1 

OTHOCSITCSI K TOMY HOAY ' no KOTOpOMY npORO)'.IHTCSI ycpe,nHeHHe. 

qT06b1 nonyi111Th HalfaJihHhie 3HalleHHSI q;~1)(0) 11 C
111
i0), ycpe)'.IHHM <1>(1)(0, x) 11 

~C/11(0, x) no HOA3M. Tor.na HallaJJhHble yCJIOBHSI )'.IJISI CHCTeMbl (12) 3an11myTCSI B BH)'.le 

~ ~V)(O) = <q;&9~k)l=O, ... ,N; c,,, ,k(0) = c}~~k; m = I, ... , M; k = 1, ... , K. (13) 

~ Tenepb npHBe)'.leM BbIBOA HO)'.laJibHOro aHaJiora ypaBHeHHH 3aKOHOB coxpaHeHHSI B CH-

~ CTeMe (7). B COOTBCTCTBHH C OCHOBHOH H)'.leeif HOA3JlbHOro MeTO)'.la <1>< 1>(t, x) BO BCex H0)'.13X 

pa3JiaraeTCSI no npo6HblM cpyHKU.HSIM C 11pOCTp3HCTBeHHOl1 3aBHCHMOCTblO. B KalJeCTBe npo6-

HbIX cpyHKU.HH 6epeM pemeHHSI nO)'.IXO)'.ISII.I.J,J.1X OAHOPOAHblX )'.IJ.1cpcpepettu.11aJibHbIX ypaBHeHHH. 

l-'fcnOJib3YSI pa3JIO)KeHHSI, 03 3aKOHOB coxpaHeHlUI BbIBO)'.IHM HCAOCTaJOI.I.J,He ypaBHeHHSI HO-

)'.laJibHOH MO)'.ICJIH , CBSl3bIBaJOill,He 3HalfeHHe <1>(2)(1, x) Ha rpaHHU,e Ka)K)J,OfO HO)'.la co cpe)'.IHHMH 

3HalfeHHSIMH <1>( 1)(t, x) no CMe)KHblM HO)'.laM. 

Ilpe)'.IIlOJIO)KHM, lfTO peaKTOP HaXO)'.IHTCSI B KpHTH'ICCKOM COCTOSIHHH. Mo.n0cp11u.11pyeM 

MaTpm.1,y B1, noJIO)KHB 3JieMeHT b~'.? = Lt - Ls,O - VLf 113 (10) CJie)'.lyeT, 'ITO pemem,e 

<1>< 1)(1, x) B HO)'.le YAOBJieTBOpSleT o6hIKHOBCHHOMY )'.IHcpcpepeHu;HaJihHOMY ypaBHCHHIO c no-

(14) 

Ilo3TOMY ero MO)KHO pa3JI0)KHTb no cpyH)'.laMeHTaJibHOH CHCTeMe pellleHHH ypaBHCHHSI (14) . 

.LI:JISI y.no6CTBa 6y)'.leM ClIHT3Tb 3TH pemeHHSI CHMMeTpH'IHblMH H aHTHCHMMeTpH'IHhlMH OT­

HOCHTeJihHO cepe)'.IHHbl HO)'.la. qT06hl HX HaHTH, HY)KHO pemHTb xapaKTepHCTHlfCCKYJO 3a)'.lalfy 

-p2(AK1_1R 2A*)tl,, + R"11B1tp = 0, 

51BJISIIOID;YJOCSI o6o6m,eHHOH CHMMeTpH'IHOH 3a,nalJeii Ha co6cTBeHHbIC 3HalfCHHSI. 0Ka3hlB3-

eTCSI , l{TO ee co6CTBeHHhie 3HalleHHSI \1 = p~ sem.eCTBeHHbl H He HMeIOT KpaTHOCTH, a co­

OTBeTCTBYIOill.HC HM co6CTBCHHhle BeKTOpbI 1/-',, o6pa3yIOT 6a3HC. TTpH 3TOM N co6cTBeHHbIX 

3H8'1CHHHA2' ••• , AN+ I noJIO)KHTeJibHblC. Bse,neM K03(p(plUJ,HeHT pa3MH0)KCHHSI cpe)'.lbl B HO)'.IC 

kOfO = vL/L0 , r.ne L 0 = Lt - Ls O · ., ffifflJF-lf6W+'f)('Jf.ltim :::M~~a3aTh, 
t ,,. -\:! - •. I ,•: • .: • V" I , · • , ,~.,, , • ~ • • • i: 

lfTO ),,
1 

< 0 np11 kOfO > 1; ),, 1 = 0 np l kOfO ·== '·1·~~).~·· s> -0 '. 11pn k ,;,,'< -1'. ' • · • - ·. : · . ·.: . , ~J 
1
:, 

IlyCTb x. - cepe.n1rna HO)'.la, ~ µ :efo ])aBM.ep:.·ITOJIO)KHM Q>yRKcm!'I•' ..• \·,;·~.::..-, '1 
f• /1 ,, '·-" :; ,1 ... . ... ., :· 

l ,:'. ::.:;;· .,,·:•_T ... '.IBCK~•};1 ~'ihc-:-1.-ffYT)> 1' 

I b.1. === ... 
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l ( 
)) 2<0· lsin(lp11(x-x,,J),ec1111pT<0; 

cos lp
1 
I (x - x,. , eCJTH P1 , 

2 O· cpas(x) = x - x,., CCJUI PT = 0; 
cp1 (x) = 1, CCJH1 /J1 = ' I • 2 • 

( I ( "<'. )) ccnw p2 > O; sh ( I p 1 I (x - x,.)), ec;m p 1 > 0, 
ch lp 1 X - ·,. , I 

( 1 1 (x _ x )) • cp~s(x) = sh ( I p 11 I (x - x,.)); n = 2, •.. , N + 1. 
cp;,(x) = ch P,, * ' 

B eKTOp-cfJyHKLl,1111 \Jl:L(x) = cp:L(x)1/Jn, tp~5(x) = cp~S(x)1/Jn (n = 1, ... , N + l) o6pa3y10T HC­

K0MY IO cfJyttAaMeHT3JibHYJO cHcTeMy peweHHH. 

Ten e p b p a3JIO)KHM peweH11e cJ)(l)(t, x) H3UJCH 33A34.H no cpyHA3MeHT3JlbHOH CHCTeMe: 

N+I 

<1>< 1) = I c s/11~
1 
+ c~sq1~s). o s) 

n=l 

O TMeTHM, lffO BeKTOp-cpyHKU.HH ll'! H 'l1f5 OITHCbIB3IOT 3CHMITTOTJ14eCKoe IlOBCACHHe pe­

meHHSI B HOJ:(e. J,13 :noro p a3JJO:>KeHHSI nony1.1aeM AJISI <Iii) CJJCAYIOUI,CC npCACT3BJJCHHe: 

- h d<f>(I) 
<f>( 1) = e(x)<f>(l) + 0(x) 2 ~-

3r1ecb MaTp HU.bt e(x) = WS(x) W- 1; 0(x) = WT(x) W- 1, rr1e S(x) H T(x) - AHaroHaJihHbie 

M3TPHU.bI, ::meMeHTbl KOTOpblX COOTBeTCTBeHHO CHMMeTpHl.fHbl H 3HTHCHMMCTPHl.fHbl OTHO­

CHTeJibHO cepe;r(HHbl HOJJ,a, a B MaTp11u.e w CTOJJ6U:bl o6pa30B3Hbl H3 co6CTBCHHbIX BeKTOp OB 

1/Jn· l1cnOJib3YSI CT3LU10HapHbie ypaBHeHHSI B CHCTeMe (7)' noJiyl.feHHOe npe;r(CT3BJJCHHe 

MO)KHO 3am1caTb B BH;::I;e 

cp(l) = e(x)$(1) - 0(x)P<f>(2) (16) 

Ti yCTb Pk 11 Wk - 3H34.eHHe MaTp11U. pH W B k-M HO;::I;e. TIOJJO)KHM M3Tp111J.bl Sk = 
= S(xk+l/2) H Tk = T(xk+112)- Torr1a AJISI M3TP111.J. ek = e(xk+l/2) H ek = 0(xk+l/2) 110-

11y1.1aeM Bbipa:>KeHHSl e k = WkS kw; I 11 0 k = Wk T kw; I . ,l],HarOH3JJbHbie 3JleMeHTbI M3TpHU: 

S k 11. T k HMCIOT cJ1e;::i;y101IJ:HH BHA: 

lp1 lhk 2 
. (I lh)'ecm1p1 <0; 

SIO P1 k 

1, CCJJl1 PT = O; 

lpl lhk 2 

sh(IJJ1 lhk)' eCJifl P1 > O; 

(k) - lpnlhk . 
sn,n - sh( I p

11 
I hk)' 

1, CCJIH PT= 0; 

th(lp1 lh/2) 
2 

lpl lh/2 'eCJJH P1 > 0; 

(k) _ th(lp11 1 h/2). 
1

11,11 - lplllh/2 ' 
n = 2, ... , N + 1. 

3ACCb BeJJH4 11.Hbl pll OTHOCSITCSI K k-My HOAY. BocnOJJb30B3Bllll1Cb ycJIOBHCM HenpepbIBHOCTH 

<f>(l) 11 <f>(2) Ha rpaHHIJ.3X HO;::I;OB, 113 npe;r(CTaBJJeHHSI (16) ITOJIY43CM COOTHOIIIeHHSI 

<I>f~l/2 = -ak+11zCek+1$k~1 - ek$k1
)); k = l, ... , K - I, (17) 

r;::i;e a k+ I /2 = (0 kp k + 0 k+ Ip k+ I)- I. 3n1 COOTHOIIIeHHSI MO:>KHO CLIHT3Tb HOJ:(3JlbHhIM 3H3-

JIOrOM 33KOHOB coxpaHeHHSI. TipH BblBOAe attaJJOrHlJ.HblX COOTHOllleHHH AJISI. 3H3lfeHHH 

<1>(2) Ha rpatt11u.ax p eaKTop a 11CilOJlb3YIOTCSI rpamf~IHhle ycJJOBHSI. Tor;::i;a 

<I>W2 = -al/2el$~l); <I>}lil/2 = aK+1/2eK$~), (18) 
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np11COCAl1Hl1B COOTHOWCHl151 (17), (J 8) K ypaBHCHl151M 6aJiaHCa (12) 11 Ha43JlbHbIM 

ycnos1151M (13), no11yi1ac111 3aMKHYTYJO c11cTcMy ypaBHCHHM HOA3JJhHOM MOAe1111 peaKTopa. 

B ::>TOM MOACJ111 Ha pa3MCpbl HaAKPl1T11'1CCKl1X HOAOB H3KJ1<1Ah1B3JOTCS1 CJJa6btC orpam111CHl151: 

h ~ L; h ;e (:rel I p 1 I )k; k ~ 1, rAe h - pa3Mep HOAa; L - Tonw,11tta q:i11311•1ecKoi1 3OHhJ. 

Om1 CB5133Hbl C CHHYCOl1A3JlbHblM xapaKTCpOM aCHMOTOTH'lCCKOro nOBCACHH51 perneHH51. 

IlOACTaBJI51SI no11y4eHHblC AJISI <l>~~J/2 Bblp3)KCHl1SI B vpaBHCHJ151 6a11attca, np11XOAl1M 

K Cl1CTCMC ypaBHCHl111 AJJ51 ~~I) 11 C
111

,k. Il,JI51 TOro 4T06bt 331TJ1C3Tb Ce B CAI-tH006pa3HOM 

BHAC, A06aBHM AB3 cpHKTHBHblX HOA3, rrpHMblK3IOIIJ,HX K JICBOMY 11 npaBOMY rpaHl1'lHOMY 

HOAY c BHClllHCH CTOPOHbl peaKTOpa. Ilpl1TIHWCM HM HOMepa O 1-1 K + 1. IToJIO)KHM a QJHK-

HlBHblX HO)WX BCKTOp-q>yHKU,1111 q>&') = $~11 = 0, a M3TP11U.bl Eo = EK+I = 0. TorAa 

I d<Jt) (ak - l/h- 1)~~!_2, - (ak-1/2 + 0 k+l/2)8k~~I) + (0 k+ldk+l)~~~l 
v~=A1 hk 

- Bl~~I) + q~l); (19) 

dC,,,.k - - -N . 
~ - -).. 111C111 ,k + {3 111v"2:.f>o,k• m = 1, ... , M; k = I, ... , K. 

CHCTeMa o6htKHOBCHHblX A11cf.JQJepeHU,113JlbHbIX ypaBHCHHH (19) C Ha'lUJibHbIMH YCJIOBHSIMH 

(13) omtCblB3CT 3KBHBaJICHTHYIO HOA3JibHYIO MOACJib peaKTOpa, KOTOpaSl OTBC'laCT CMe­

lll3HHOH 3aAa,,e (9)-(11) AJI51 <<CHMMCTpl13OBaHHhIX» ypaBHCHHH KHHCTHKH. 

TiocTpOeHH351 HOA3JlbH351 MOACJlb TO4Ha TOJibKO AJJSI KpHTH•teCKOro peaKTOpa. Ecn11 B 

peaKTOP BBOAJ1TC51 peaKTHBHOCTb, TO pa3JIO)KCHHSI (15) pewemrn qil) B HOA3X nepecTaJOT 

6b1Tb TO'1HbfMl1. rlo3TOMY COOTHOUICHI-151 (17)' (I 8) HOC51T np116JIJ1)KCHHbIH xapaKTep, llTO 

HclKJlclAhIBaeT AOITOJIHHTCJibHblC orpaHHllCHJ151 Ha pa3Mep HOAOB. Il,JI51 Toro 4T06hr HX OCJ1a-

611Tb, 6yACM l1CITOJlb3OBaTb npH ITOCTpOCHHJ1 HOA3JibHOH MOACJJH HCCT3U:HOHapHbIC npo6Hhte 

QJYHKU.HH, yL111ThtBal01IJ,J.1e AHHaMHKY npou.ecca nepettoca HCHTPOHOB B peaKTope. A l1MCHHO, 

B Ka)l(AblH MOMCHT BpeMeHH t 11po6H1,1e QJYHKU.11H B HOAC HaXOAHM, pewast ypaBHCHHC (14) 

C MaTpHU.3MH, COOTBCTCTBYJOW,11MJ1 BO3Myw,eHHOMY COCTOSIHHJO peaKTOpa. rlpH 3TOM K MO­

AHQ)HU.HPOBaHHOH MaTp11u.e BI np116aBJIS1CTCSI A113rQH3JlhHa51 MaTpnu.a BpeMCHHbIX rrorrpaBOK 

t:.Bl: 

d<l>N _ M 

M~l) = _! ~/<l>N + VL "L {3 
,I V dt O,k ~11=1 Ill dClll,k -

;._,,, + ----;f,/Cm,k 

1 d<l>N2· 2k -t:,.b(I) = ___ 1-_, /cpN_ . 
,,, V dt 21-2,k' 

i = 2, ... , N + l. 
Tenepb npo6Hhle QJYHKU.HH B HOAUX, a C Hl1MH MaTpHU,bl B COOTHOUJCHl151X (17) 11 (18) 

3aBHC51T OT 11orapHQJMl-fl(CCKHX rrpOl13BOAHbIX no BpeMeHH peIIJCHHSl 3aAa411 KOUIH (13)' 
(19). CJJCAOBaTCJibHO, HOA3JibHa51 MOACJJb peaKTOpa cyw,eCTBCHHO HCJIHHCHHa H OllHChIBa­

eTC51 AHQJQ)epeHu,HaJibHblMH ypaBHCHHSIMH, HC pa3peweHHblMH OTHOCl1TCJibHO npOJif3BOJ:(HblX. 

BpeMeHHOe noBCACHHe nonpasoK 6011ee perynS1pHo, 4CM pernett11c 3aAaLIH. Tio3TOMY npH 

4HCJICHHOH peamrnau,,rn: 3TOH MOACJJH AJI51 pac4eTa Ha BpCMCHHOM UJare K03Q)Q)HU.l1CHTOB 

ClifCTCMbl (19) MO)KHO 11COOJ1b3OB3Tb rrorrpaBKH, BblllHCJICHHblC Ha npeJ:(hlAYIIJ,HX warax no 

BpCMCHl1. 

riocne OKOHLtaHH51 rrepexoAttoro npou.ecca e peaKTope pewemre 3aAa•111 (9)-(] 1) xo­

powo omJCblB3CTC51 ero aCHMITTOTliflJCCKOH 43CTbJO. B 3TOM CJiytiae nonpaBKl1 CJia6o 33B1.fCSIT 

OT BpCMCHH, a ITOTOMY HOAaJJhH351 MOACJlb peaKTOpa CTUHOBHTCSI npaKTl-14CCKH JIHHCHHOH. 

TcM C3MblM npHXOAHM K aCHMOTOTlifL[CCKOM (np11 t-+ oo) Jll1HCHHOH HOAaJJhH011 MOACJJH 

peaKTOpa. IT pH ee 11OCTpOCHl1H B Q)OpMyJJax AJ151 Bbl'lHCJICHlif51 nonpaBOK lifCOOJlb3YCTC513CHM­

nTOTH4CCKOC peweu11e 3aAU4H, 11O3TOMY nonpaBKl-1 He 33BHC51T OT BpCMCHH. 
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npcHe6pcrast B HCJJ11H CII HOH HOAaJJhHOl1 M0.!1CJl11 peaKT0pa BpeMeHHblMH nonpaBKaMH, 

noJJYLll1M cw,c 0AHY 1rnHCttHy t0 M0.!lCJJh. CTau,110HapH1>1c npo6HhlC cl>YHKLVl11, ucn0JJh3YCMhtC 

np11 cc nocTp0CHl111, C00TBC1 CTBYIOT R03MYlllCHH0MY C0CT051Hl1.IO pcaKT0pa, HO HC YLIH.Thl­

BalOT, KaK B ac11MnTOTWICCKOII M0.!lCJll1, 3ana3.!lb1Bat0w,11e HCMTpOHbl. 

np11 yMeHhlllCHH.11 pa3MCpa H0.!108 hk .!1Hclr0H3JlhHble :,)JJCMCHTbl M3TP11U: €k 11 0k CTpC-

M51TC51 K C.!111Hl11.1,C, a HC.!111HrOHHJlhHblC - K HYJJIO. no11ara51 3TH. M3Tp11.ll,bl C.!111Hl1LIHblMJ,I, 

np11xo,nMM K 061,1<1Hoi-i TpCXTOL!CLtttoi-1 KOHC<itto-pa3HOCTHOH cxcMe BToporo nopst,nKa I 4]. 

Otta nony<IaCTC51, cc1111 np11 nocTpocH11M Ho,naJJbHOH Mo,ncn11 R KaLICCTBC npo6tt1,1x ¢yttKll,11H 

B HO,nax 11C0OJJb30BaTb JIH.HCHHblC cl>yHKll,1-Hl. no:noMy o6bl'-1HYIO KOHC'IH0-p33HOCTHYIO MO­

.!lCJlh pcaKT0pa MO>KHO paCCM~1Tp11saTh KaK ac11MnTOTl1lfCCKYIO (rrp11 MaJlblX 3Ha<tCH1151X hk) 

.!11151 nOJJy<ICHHhlX H0,naJJbHhlX MO.!lCJlCH. 

Pew 11 s 3a,na LIY Kow 11 (13), (19) 11 Ha H.!151 q;~,) (k = 1 , ..• , K), M0>KHO BOCCTa HOBl1Tb 

pa3JJO>KCHl15I (15) rrp116mt>KCHHOro pCWCHl151 B HO,nax, 11COOJ1h3Y51 cl>OPMYJJhl (16)' (17). 

3aMettaHl151. I. TTpc,nJJO>KCHHhIH MCTO.!l n03BOJJSleT nOJJyt-lHTb aHaJJOrHLIHblC HCCTau:110-

HapHhle MHOrorpynnOBblC HO,naJJbHble MO,neJJJ,1 ITJJOCKoro pcaKTOpa B p 2N+ ,-np116JII1)KCHl1J,I 

MCTO,na cct>cp11LICCKl1X rapMOHl1K. B 3TOM CJ1yt-1ae np11 HaXO)K.!lCHl1J,I npo6Hh1X cl>yHKU:11.H B 

HO,nax HY>KHO pcwaTb 06061UCHHhlC HCCl1MMCTp11<tHbIC 3a,na<111 Ha co6CTBCHHbIC 3H3LJCHl151. 

Ylx CITCKTp, B006w,e rosop51, KOMITJlCKCHbIH. 3TO R03M0)KH0, Kor,na 0611aCTb TCITJlOBbIX HCH­

TP0HOB pa3611aaeTC51 Ha HCCKOJlbK0 rpyrrn. 2. Il,JJSI CHMMCTp11LlHOro peaKT0pa Ha rpam,u:e 

ero Cl1MMCTp1111 lfaCTO CTaBl1TC51 rpaHl1LIHOC yCJJ0BHC 3CpKaJibHOro 0Tpa>t<CHl151 HCl1TpOHOB. 

Tor.na Ha :>TOH rpamiu:e seKTop-cl>yttKU:1151 <1>(2)(t, x) o6pall.l,aeTcst B HYJJh. 3To BJJCLICT co­

OTBCTcrnyt01Uy10 3aMeHy ypasttctt11i1 tto,naJJhHOH Mo.nen11 s (18). 3. C tte6on1,m11.M 113MeHe­

Hl1CM MCTO.!l n03ROJJ51CT np11 nocTp0CHl111 HOA3Jll,HOH MOACJIH. orpam:,rtmThC51 0CHOBHhlMl1 

npo6HhlMl1 Q)YHKU:1151M11, OITl1Cb1BalOW,11Ml1 ac11MITTOTl1lfCCKOC ITOBCACHl1C pellICHl151 3a,natm 

(9)-(11) B HO,nax, 11 HCCKOJJbK11Ml1 CJJC.!lYIOW,11MH no 3HaLIJ1MOCTl1. TOLIHOCTb yrrpomeHHOH 

MOACJ111. .!lOCTaTOL!H[I .!11151 pewCHH.51 MH0nIX 3aAall C KpynHblMH. HO,naMH. 

PACqETHhIM AHAJIH3 TO'-IHOCTH HO,il.AJihHhlX M0.[1.EJIEM 

TTpo.neMOHCTp11.pycM :>ct>cl>eKTHBHOCTb MCTOAa Ha np11.Mcpc AByxrpyrmOBOl1 HO/],aJJbHOH 

MO.!lCJ111. pcaKTOpa B P, -np11.6JJH.)KCHl1H MCTo,na c¢epHLICCKHX rapMOHH.K. Il,JJSI 3TOrO rrposo-

A11JJC51 paClfCT asapHHHOro npou,ecca pa3rOHa pcaKT0pa H3 KpHT1'PfCCKOro COCT051HHSI C pa3-

6aBJJCHHCM 6opa no Ho,naJJhHOH nporpaMMe NOD2 11 I, B KOTopoi-1 peaJJH30Batta HCJJHHCi1'Ha51 

tto.na111>Hast MOACJJb pcaKTopa, 11 .u11¢cpy311ottttoi1 MCJJKOCCTOLtHOH nporpaMMC SMEKR 15 J. 
D,nst <111cnettttoro pcwett11.s1 3a,nalm Kow11 11cnon1,3osanach nporpaMMa LSODA H3 naKeTa 

nporpaMM pewett11st )KCCTKHX 06h1KHOBCHH1>1x ,n11cpcpcpettu:ttaJJbHh1x ypastteHHtt ODEPACK 

[6 ]. Ilo,nroTOBKa K0HCTaHT .!lJlSI Q)113fillfCCKHX 30H 11 paClfCT Kp11THLIHOCTJ1 peaKTopa nposo­

A11JJHCb c 11.cnoJ1b30BaHMCM 61-rpynnosoro KOMnJJeKca nporpaMM KPAMC [7 J • .D,ayxrpyn­

nosh1e n0T0KH HCHTPOHOB B Kp11THLICCK0M peaKT0pC H0pMl1pOBaJJHCb TaK, L[T06hl B HaLJaJ]b­

HblH M0MCHT speMeHH n0JJH0C :>HeproBhl.!lCJICHHC B peaKT0pe 6blJJO paBHhlM C.!111Hl11.1,C. 

PaccMaTpl1BHJJC51 CHMMCTPH'IHblH OTH0CHTCJlhH0 cepe,nHHhl ITJJOCKHH peaKTOP, C0CT05f­

ll.l,l1H' 113 ARYX OTpa>t<aTeJieH H Tpcx TOITJJl18HblX 30H. TT PHBCJJ;CM J,IX MaTepH3JlbHbll1 C0CTaB 

11 p33MCp1>1: 

- B0/],HblH 0Tpa>t<aTCJlh TOJIIUHHOH 30 CM; 

- 30Ha T0ITJ111Ra C ypaH0M 4,4 %-Horo o6oraw,CHH51 TOJ11.Ul1HOH 30 CM; 

- 30Ha T0ITJ111Ra C ypaH0M 1 ,5 % -Horo 06ora1UCHl151 H nnyT0HtteM TOJIIUl1HOH 270 CM; 

- 30Ha TOITJ111Ba C ypaHOM 4 , 4 % -Horo o6orameHl1SI TOJ11UJ,1HOl1 30 CM; 

- RO.!lHhl~i 0Tpa)KaTCJlb T0JJW,HHOH 30 CM. 

vl30TOOHhlH COCTHB T0ITJlHRHhlX SflfeCK 11 ITJIOTH0CTh TCITJ10H0Cl1TCJJSI C0OTBCTCTBYIOT ro­
p51<tCMY cocTOSIHHJO pcaKTopa BB3P (np11 TCMncpaTypc 558 K) c LtaCTHl.f.HO s1,1ropesweh 
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aKTHBHOH 30HOH. IlpHBeAeM IIOJIHble AOJIH 3ana3AhlBalOID;HX HeHTpOHOB AJI51 TOilJJHBHblX 

3ou: f3 = 7,6· 10-3 B 3OHe 4,4%-ttoro o6oramettH51 u 5,1 · 10-3 B 3OHe 1,5%-ttoro o6ora­

meHH51. 

B03MymeHHe BHOCHJJOCb B TOilJJHBHble 3OHbl 4, 4 %-uoro o6orameHH51 CKa lJKOo6pa3HblM 

CHH)KeHHeM KOHU:eHTpaU:HH 51Aep 10B B BOAe TOnJJHBHbIX 51lJeeK H IIO3TOMY HOCHT JJOKaJJbHblH 

xapaKTep. BeJJH'lHHa BBet:1eHHOH B peaKTOp peaKTHBHOCTH p = 5,4· 10-3• B 3TOM CJiylfae 

HAeT npou:ecc 6bICTporo pa3roHa peaKTOpa Ha MrHOBeHHblX HeHTpOHax. IlOCKOJJbKY AJJH­

TeJJbHOCTb nepexOJJ;IIbIX npou:eccoB B peaKTOpe Mana, pe3yJJhTaTbl paclfeTOB npeiicTaBJJeHbI 

AJJ51 HHTepBaJJa BpeMeHH 0-0,5 C. <l>opMa npocTpaHCTBeHHOl'O pacnpei1eneHH51 rpynnOBbIX 

IlOTOKOB B peaKTOpe B OCHOBHOM ycTaHaBJJHBaeTC51 K - o, 1 c. 

B npou:ecce pa3roHa peaKTOpa <t>opMa rpynnOBblX IlOTOKOB MeH51eTC51 cym;eCTBeHHO. 

qT06bI 3TO IlOKa3aTb, IlOTOKH 6blCTpbIX H TenJJOBblX HeHTpOHOB HOpMHpOBaJJHCb Ha HX cpei1-

HHe 3HalleHH51 B peaKTOpe. THilRlJHbIH BHA rrpocrpaHCTBeHHOl'O pacnpeiieneHH51 OTHOpMH­

poBaHHbIX IIOTOKOB B peaKTope c ylleTOM ero CHMMeTpHH rrpHBet:1eH Ha pHC. 1, 2. 
B HOAaJJbHOM paclfeTe B KalfeCTBe HOAOB 6paJIHCb OTpa)KaTeJJH, TOnJJHBHbie 3OHbl C 

ypaHOM 4,4 %-ttoro o6orameHH51, rrpHJJeralOI.IJ,He K HHM CJJOH TOJJI.IJ,HHOH 30 CM H OCTaswa51C51 

lfaCTb aKTHBHOH 3OHbl peaKTOpa. KaK BHAHO H3 pHC. 3, paclfeTbl IlOJJHOro 3HeproBbIAeJJeHH51 

!3 peaKTope no rrporpaMMaM NOD2 H SMEKR AOCTaTOlfHO xopomo cornacyroTC51. D:m1 cpei1-

2,0 

1,8 

1,6 

1,4 

~1,2 

~ 1,0 

eo,8 

0,6 

0,4 

0,2 

30 60 90 120 ISO 180 210 
X, CM 

PHC. 1. TTpOCTpaHCTBeHHOe pacnpe,1eneHHe 
HOpMHpoeaHHOl'O nOTOKa 6bICTpbIX HeHTpOHOB 

n peaKTOpe npH t = 0 <*>, 0,5 c <•> 

30 60 90 120 1 SO 180 210 
X, CM 

HHX JlOTOKOB HeHTpOHOB B 3OHax TaK)Ke noJJyl{eHO 

xopomee cornacHe. IlpH 06bet:1HHeHHH Tpex HOAOB, 

HaXOA511.IJ,HXC51 B u:eHTpaJJbHOH lfaCTH aKTHBHOH 3O­

Hbl, TOlJHOCTb HOAaJJbHOro paClfeTa 3THX BeJJU'lHH 

yMeHbWHJJaCb Ha 9 % • 

J1CKJJIO'leHHe H3 HeJJHHeHHOH HOAaJJbHOH MO­

AeJJH BpeMeHHblX rronpaBOK IIPHBOAHJIO K cym;ecT­

BeHHOMY CHH)KeHHJO ee TO'IHOCTH, 'ITO OTpa)KeHO Ha 

pHc. 4. B paclfeTax no yrrpomettHOH MOAeJJH HOAhI 

AOilOJJHHTeJJbHO pa36HBaJJHCb Ha ABe H lfeTblpe paB­

Hble lfaCTH. TaKHM o6pa30M, paclleTbl rrpOBOAHJJHCb 

c 7, 14 H 28 HOAaMH. C yBeJJHlleHHeM l{HCJia HOAOB 

TO'lHOCTb paC'leTOB 3aMeTHO BO3pacrana. 

AHanomllHhIH attaJJH3 TOlfHOCTH HeJJHHeHHOH 

HOAaJJbHOH MOAeJJH rrpoBOAHJJC51 rrpH paclleTe aBa­

pHHHOl'O rrpou:ecca pa3rotta peaKTopa c H3BJJelleHH­

eM H3 aKTHBHOH 3OHbl ynpaBJJ51IOI.IJ,ero CTep)KH51. B 
3TOM CJJyllae ¢opMa rpynIIOBblX IIOTOKOB B rrpou:ecce 

pa3roHa CHJlbHO MeH51eTC51 TaM, ri1e BHeCeHo BO3-

Mym;eHHe. Il03TOMy HeCTaU:HOHapHble npo6Hhle 
RO 

70 

20 

10 

0,1 0,2 f . C 0,3 0,4 O,l 

PHc. 2. npocTpaucrneHHOe pacnpe,1ene11He 11op­
MHpona1111oro nOTOKU TenJJOBblX HeHTpOHOB B pe-

PHC. 3. BpeMeHHa!I 3aBHCHMOCTb nOJIHOl'O :mep­

l'OBblJ:leJJeHHSI e peaKTope: * - SMEKR; e -
NOD2 UKTOpe npH t = 0 <*>, 0,5 c <•> 
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cpyHKU.1111 R HOL{ax, pacnOJTO)KCHHbIX B 3OHe C 8O3-

Mylll,eHHCM, 3aMCTHO ACQ)OpMJ,IPYIOTC5l RO speMsr 

ncpeXOAHOro npou,ecca. PacYCThl noKa3hIBaJOT, llTO 

TOJlbKO speMeHHbIC nonpaBKH, ytI11.TblBaJOI.1J,J,1e L{H­

HaMHKY npou.ecca, 06ecnct111sat0T 3TOM MOAeJT" Bbl­

COKYJO TOLIHOCTb. 

KpoMe Toro, npoBO.[I.J,IJTHCb pacYeTbI eI.1J,e no 

ABYM noJJylleHHblM Bhlllie JIHHeHHhlM HOA3JJhHhIM 

MO.[1.CJJ.SI.M peaKTOpa. B nepBOH MOACJJH npo6HhIC 

cpyHKU,1111 COOTBeTCTBYJOT KPHTHlleCKOMY COCTO51-

HHIO peaKTopa. B paclleTax no 3TOH MOAeJn1 n p H­

XOAHTCsr 6paTb 3H3llI1TeJibHO 6oJJee MCJIKHe HO,O:hI. 

MOAeJJh AOCTaTOllHO xopmno OilHCbIBaeT HeCT3U.H-

0,5 OHapHbIH npou,ecc, KOr.[l.a B KpHTHllCCKHM peaKTOP 

BBOAJ1TC5l HC60JibID3Sl peaKTHBHOCTh. KaK nOK33bl-
P1-1c. 4. BpeMe111ia11 3as1-1c>1,MOCTh noJ111oro :JHcp- B3IOT pact1eThJ, 3H3LJ.HTeJihHO 6oJJee TOLIHOM SIBJI51.-

roeb1,neJ1emrn B peaKTOpe: ♦ - 7 IIO,!lOB (lie- CTCSI 3Cl1MITTOTl14CCK3Sl MOAeJih. 3TO om,51.CHSICTC51 
Jll-1HCHH311 MO,!leJlb); ■, . , *-7, 14, 28 HO,!lOB 

TeM, 4TO nonpaBKl1 B HCM y)Ke Ylll1Tb1B3IOT 3ana3-

JlhlB3IOI.lJ,He HCMTpOHhl 11 AHHaMHKY npou.ecca. 0.n:­
HaKO AJJSI ee IlOCTpOCHHSl npe.[1.BapwTeJJbHO Tpe6yeTCSl H3HTl1 OCHOBHOC co6CTBeHHOC 3Ha4ett11e 

cneKTpaJJbHOH 33Aa4l1, COOTBeTCTBYIOI.lJ,CH CHCTeMe ypaBHCHHH npoCTpaHCTBCHHOH KHHeTJ1-

Kl1, T.e. «nOCTOSIHHYJO cna.[l.a» B aCHMITTOTH4CCKOM pernem,rn 3TOH CHCTCMhf. 

(ynpou~e111-1e 11em111eA110A Mo,neJ11-1) 

3AKJUOqEHJ.1E 

Tipe.[1,JTO)KeH MCTOA IlOCTpOeHHSI HCCTau.11ottaptthlX HO.[l.3JihHhlX MOACJICM ITJJOCKOro pc­

aKTopa B MHOrorpynnOBOM p 2N+ I -np116JJJ1)KCHHl1 MCTOAa ccpep114CCKl1X rapMOH.HK. 3cpcpeK-

THBHOCTb MeTo,n:a TIOKa3aHa Ha np11Mepe HeJnrnewHOH HO.[l.aJibHOH MO.[I.CJIH B AByxrpynnoBOM 

P1- np1-16J111)Kemu1. D,nS1 3Toro nposenetthI pacllCThI asapHHHhlX npou.eccoa pa3roHa peaKTopa 

Ha MrHOBCHHbIX HCHTpottax 113 Kp11Tl14eCKOro COCTOSIHl1Sl. 11pH 3TOM paccMaTpHBaJIHCb pa3-

Hhle cnoco6hI BHCCeHHSI B peaKTOP JJOKaJJbHh[X B03Mylll,em1H C peaKTHBHOCThJO p ::::; {3. 

HeJIHHettHa51. HO.[l.aJJhHa51. MOAeJJh OilHCbJBaeTCSI HCSIBHOH Cl1CTCMOH o6bIKHOBeHHblX ,n:11cp­

cpepettu.11aJihHbJX ypaBHCHl1l1 C HaYaJJhHhlMH yCJJOBJ151Ml1. TI pH ee ITOCTpoe Hl1l1 l1CilOJib3YJOTC51 

HeCTall,HOHapHbIC npo6HblC cpyHKU,1111, Ylll1Th1B3IOI.1J,11C AHHaMHKY npou,ecca. KaK IlOK33bI­

BaJOT pacYeTJ>I, HMCHHO :no IlO3BOJl51eT MOAeJIH C KPYTIHbJMH HOAaMH Oil.11ChIB3Tb 6brCTpo­

npoTeKalOlll,Hl1 HCCTau,11ottapHblM npou,ccc B pcaKTOpc C BblCOKOH TOllHOCThJO. K KOHU.Y ne­

peXOAHOro npou,ecca B pcaKTope MOACJ!h CT3HOBl1TCSI npaKTl14CCKl1 JIHHeWHOH. 

11oJJylleHbl T3K)KC JIHHCHHhle HO.[l.3JlhHhle MOACJJH peaKTopa. Monenh C npo6HblM.11 ¢ytt­

KIV,IS£Ml1, COOTBCTCTBYJ011J,11Ml1 Kpl1Tl1llCCKOMy COCTO51H11IO peaKTopa, xopomo Oil.HChIBaeT He­

CT3ll,l1OHapHbll1 npou,ecc C JlOCTaTO4HO KpynHhlMH HO.ll,3Ml1 , KOr.D,a B KPHTl1llCCKl1H peaKTOp 

BBO,O:HTC51 He6oJJhma51. peaKTl1BHOCTh. 6oJiee TOllHOH 51BJl51eTCSI 3CHMITTOTH4CCK351. HOAaJTbHa51 

MOACJTh peaKTOpa. D,JJSI ITOCTpoeHHSl 3TOl1 MOACJIH HY)l<HO 3HaTh « ITOCTOSIHHYJO crrana>> B 

3CHMilTOTl14eCKOM peweHlrn CHCTeMhl ypaBHeHHH npOCTpaHCTBeHHOH KHHeTHKH. l1CKJll04a51. 

113 HeJTl.1HCHHOH HO.ll,3JTbHOH MO.[l.eJJH apeMeHHhlC nonpaBKl1, ITOJJY43CM ynpom,eHHYJO MO.D,eJib. 

B paC4CTax no Hew MO)KHO l1CilOJTh3ORaTh 3H3411TeJJhHO 6once Kpyntthie HO.ll,hl, 4eM B o6blllHOH 

BTOporo nopsrnKa TO4HOCTl1 KOHC4HO-p33HOCTHOH MOACJTl1 peaKTOpa. 

AHaJJOrHLJ.HblM MCTOAOM MO)KHO ITOJJY411Tb OAHOMepHble HCCT3J.J;HOHapHhle HO.[l.3JThHble 

MO.D,eJIH IJ,11JJ11HAP114CCKOro 11 ccpep11t1ecKoro peaKTOpa. 

AsTophr a1,1pa)KaJOT np113HaTeJJhHOCTb B.D, . CttnopeHKO 3a noMep)KKY pa60Tb1 11 rro­

JJC3ttoe o6cy)KACHl1e noJJyYeHHblX pe3yJJbT3TOB. 
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YPABHEHIHJ Mnr B TIPl16JJl1)KEHHH <6F+l> 
,Il}lll PEAKTOPOB, COCTO.SIIII,llX ll3 rEKCArOHAJJbHbIX siqEEK 

(KACCET) 
H.H. JlaJLemuu, A.A. KoaaJLuUtwt. 

123182, MocKaa, PHI( <<Kyp•tamoacKuii. wtcmumym», n.n. AKa8eMuKa Kyp•tamoea, 

no11y•1eHbl ypaeHCHl1SI MeTO,la nonepxHOCTHblX rapMOHl1K B np116J111)KeH1111 <6F+I > AJJSI peaKTOpon C l'CKCa­
roHaJJbHOH peweTKOH. np11ee,1eHbl pe3yJlbTaTbl TeCTOBblX pac•1eTOB ,1nyMepHblX 11 TpexMepHblX MO,l\eJlbHblX aK­
Tl18HblX 3011 peaKTOpon pa3JJ11'lllblX T11non. Onpe,1eJ1eH HOMep np116J1H)KCHl1SI Mnr, AOCTaTO'IHblH AJISI paC'ICTOB 
peaKTOpOB BB3P- I 000, BB3P-440, PWR, HWR B reKcaro11aJ1bllOH 8 rtJlllHC reOMCTp1111. 

THE EQUATIONS OF THE SURFACE HARMONICS METHOD IN <6F+I> APPROXIMATION FOR 
THE CORES WITH HEXAGONAL CELLS (ASSEMBLIES). .I. LALETIN. A.A. KOVALISHIN. The Surface 
Harmonics Method (SHM) equations with <6F+ I> approximation for cores with hexagonal cells are obtained. Test 
results for 2- and 3-dimentional model cores for reactors of different types are presented. The SHM approximation 
number, suffice ror calculations of VVER-1000, VVER-440, PWR, and HWR reactors with hexagonal geometry 
in plane, is obtained. 

BBE,U:EHHE 

O.n;HOH lf3 aKTyaJibHb[X 3a.n;att srnm1eTCSI 3HattHTeJibH0e yBeJH!tteHHe T0l!H0CTlf nporH03a 

TT0Be,n;eHHSI si.n;epHoro peaKT0pa npH 0.D;H0BpeMeHH0M TT0BbIUJeHHH (,[JIM X0TSI 6hI coxpaHeHHlf 

ero onepaTHBH0CTH [ 1 ]. Co3,n;aH11e C00TBeTCTByIOm,ero HHCTpyMeHTa Tpe6yeT npHMeHeHHSI 

H0BhlX, YT0ttHeHHbIX MeT0.D;0B pernemrn peaKT0pHbIX 3a.n;att. O,n;HHM 113 HHX SIBJISleTCSI MeT0.D; 

noBepxH0CTHhlX rapMOHHK (MTif) [2, 3], HMeIOI.IJ;HH pS!/J, npe11Myw;ecTB no cpaBHeHHIO C 

0CTaJibHb[MH [ 4 ]. 
UeJib JJ,aHHOH pa60Tb1 - BhISICHHTh H0Mep npH6JI11)](eHHS1 MeTOJJ,a noBepxHOCTHhIX rap­

M0HHK, .D;OCTaTOllHbIH .D;JISI npoBe/J,CHl1SI pactteT0B reKcaroHaJibHbIX peweT0K C npHeMJieMOH 

.D;JISI npaKTHlleCKHX u,eJieH T0l!H0CTbIO. KaK CJieJJ,OBaJI0 113 [5], pactteT B np»6JimKeHHH <6F> 
/J,JISI HeK0T0pbIX 3aJJ,all JJ,aBaJI norpCWH0CTb nopS!JJ,Ka 5-6 % B KacceTH0M 3HCpfOBbI/J,eJieHHH. 

KaK npas1rno, TaKaSI 3aMeTHaSI norpernH0CTh HMeJiaCb B 3aJJ,attax, B K0T0pbIX CTaBHJI0Ch 

«aJih6e.n;ttoe» yCJI0BHe Ha BHeurnei-i rpaHHu,e peaKTopa, B TO speMsi KaK JJ.JISI c6opoK c 6oJiee 

)](eCTKHM ycJI0BlfeM - H0Jib TT0T0Ka Ha BHewHeH rpaHHU,e- norpellIH0CTb 3HeproBbI.D;eJieHHSf 

He npeBblWaJia I%. B [5] 6hTJIO CJJ,eJiaH0 npe.n;n0JI0)](eHHe, l!T0 3T0T cpaKT CBSl3aH C He­

a,n;eKBaTH0CTbJO TI0CTaH0BKH <<aJih6e,n;Horo» rpaHH•rnoro YCJI0BHSI B TeCT0BblX 3a}J,attax. Tipo­

sepKa 3Toro npe/J,n0JI0:>Kemrn npose.n;etta B /J,aHHOH pa6oTe. 
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[ 
TTOJIYqEHJ1E YPABHEHMM Mnr B TTPJ16JIM)KEHMJ1 <6F+1> 

B [5] rrp11BeAeHo HecKOJibKO TeCTOBbtX pac4eTOB AByMepHbtX A3 peaKTopos nma BB3P, 

COC4HTaHHblX B rrp116JIH)KeHHH MTif<6F>. OTJIH4He pe3yJibTaTOB TaKHX paC4CTOB OTT04HblX 

COCTaBJISIJIO AJISI HCKOTOpblX c6opoK 1,8-5,4 % B KacceTHOM 3HeprOBbIAeJiemrn, rrpH'-leM 

TaKaSl 60JiblllaSI rrorpelllHOCTh tta6mo,AaJiaCh AJISI 3a,Aa4, B KOTOpblX a) OTCYTCTBOBaJI OTpa­

)KaTeJih; 6) CTaBHJIOCb <<aJih6eAHOe» rpaHH'lHOe yCJIOBHe. HanOMHHM, 4TO TO'-IHOe perneHHe 

COOTBeTCTBYlOIIJ,HX 3a,Aalf 6blJIO IIOJiytieHO pa3JIH4Hb!MH aBTOpaMH rrpHMepHO ITO OAHOl1. H 

TOH )Ke cxeMe: HeCKOJibKO AHCjxpy3HOHHblX pacireTOB C pa3Jil1lJHblMl1 AOCT3T0'lH0 M3Jlb1MH 

lllaraMH KOHe'lHO-p33HOCTHOH: ceTKH If AaJibHeiilllaSI 3KCTpanOJISIIJ,HSI COOTBeTCTBylOIQHX Be­

JIH4HH K npe,n:eJibHblM npH ycTpeMJieHHH rnara K HYJIJO. Tip11 T3KOH IIOCTaHOBKe 33Jl:34H B 

npe.i:i;eJie J(JISI rpaHifl[H0ro yCJIOBI1Sl IIOJiy4aeM: 

<l>(rr) = - gJ(rr), g = const, (I.I) 

rAe <l>(rr) - IIOT0K HeiiTpOHOB Ha BHCUJHei1: rpatt11u,e; J(rr) - TOK HeiiTpOHOB Ha BHeurneii 

rpaHHU,e. TaKJfM o6pa30M, Ha BHeurnei1: rpattttu,e peaKTOpa npocTpaHCTBeHHhTH XOA TOKa H 

noTOKa COBIIaJ:\alOT, np114eM, Y4HTbrnasr cneu,11cp11Ky CTPYKTYPbl A3 H3 rneCTu:rpattHbIX sr4eeK, 

MO)KHO npeJJ;ITOJIO)KHTb, 'ITO <l>(rr) 11 J(rr) 6y,n:yT AOBOJibHO CHJibHO H3MeH51ThCSI B npe,n:eJiax 

rpaHH OAHOH KacceTbl. 

Ha p11c. I noKa3aHa A3 BB3P (c11MMeTp11sr 30°), Ha pHc. 2 -
np11MepHoe noBeAeHHe noTOKa Ha rpamu.1,e TaKoro peaKTopa. O4eBHA­

HO, 4TO TaKaSI CHJibHasr JIOKaJihHaSI 33BHCHMOCTb (B rrpeAeJiax rpaHH 

o,n:Hoi1 51,1eiiKH) Hdhpottttoro noJJsi OT Koop.n:1rnaTb1 o6yCJioBJieHa tta­

JIHtJHeM BhICTyna10rn.Hx 43CTe.ii siiieeK (T04KH E, C, B). Pernett11e )Ke 

MTif CTpOHTCSI 113 (pyHKIJ,HH , AJJSI KOTOpblX J(rr) = COOSt. Jl:Jisr np11-

A 
P1-1c . I. C6opKa BB3P 

6JIH)KeHHH no <6F> BKJII04HTeJibHO SICHO, lJTO o6ecrre4HTh OAHHaKOBbU1 

XO)]. no rpaHH TOKa H IIOTOKa He yAaeTCSl, 11 pewaeTCSI HeKOTopa5l 33)].atia 

C rpaHl14HhIMl1 ycJIOBHSIMH 

(1.2) 

JJ:m1 YJIY4WeHHSI a,n:eKBaTHOCTH OOCTaHOBKl1 rpaHHlJHblX yCJIOBHtl B TeCTOBbIX 3a,n:a'-laX 

Mhl BBeJIH B paCCMOTpett11e AOIIOJIHHTeJJbHYlO npo6tty10 cpyHKIJ,HIO B rpaHM4HblX Slllei1Kax. 

Ha p11c. 3 IIOK333Hhl cnoco6hl BTCKaHHSI TOKOB AJISI" Bbl4HCJICHHSI" COOTBeTCTBYlOW:HX 

rrpo6HhlX cpyttKIJ,HH H HX opHeHTaU:HSI OTHOCHTeJibHO rpaHHlJ,bI peaKTOpa . Kl BOJ(HTCSI B SI4ett-

~•.>~ 

A~ 

~ 

PHC. 2 IlpHMepHast 3aBHCHMOCTb no­

TOKa 11a BfleLUIICH rpaHHIW c6opKH OT 

KOOPJIHllaT rpallHl.(bl 

DOF DOB K1 K2 

A 

PHC. 3. CxeMLI llTCKaHHSI TOKOB JI.TISI 

Bbl'IHCJICIIHSI JIOOOJIIHITCJlbflblX npo6-

llblX cpy11Kl(H>I B rpaml'IHblX >1•1e>°1Kax 
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Kax TMIIa 1 (CM. p11c. 1)' HMelOLIJ,HX )].BC BHeWHHe rpaHH, 

K2 - B Sl'-!ettKax nrna 2 (CM. p11c. 1) C TpeMSl BHCWHHMl1 

rpaHSIMH. 3aMeT11M, llTO cpyHKU:JUI K2 SIBJISleTcsr cyMMOM 

.n:syx COOTBeTCTBylOLIJ,HM o6pa30M op11eHT11pOB3HHbTX cpyH­

KU:MH K 1• B ,n:aJihttei1:weM Mbr HCIIOJib3yeM 3TO o6cTosrTeJib-

CTBO. 

Jl:JJSI Toro l(T06hl 6oJiee HarJJSIAHO rrpo,n:eMOHCTpHpo­

B3Tb CMblCJI BBeAeHHSl AOIIOJIHl1TCJihHOH rapMOHHKH, pac­

CMOTPHM CJie,n:ylOI.UHH rrp11Mep. TiycTb KacceTa (pHC. 4) Ha­

XOAHTCSI Ha rpatt111.1,e aKTHBttoi1: 30ttbr H rpaHH AB H BC 

SIBJISllOTCSI BHellHHMH. J.,fa-33 6oJibWOl1. yTe4KH IIOBeAeHJfe 

peweH11S1 tta rpattSIX AB 11 BC 6yACT orrpeAeJISIThCSl B oc­

HOBHOM cpyHKlJ,HeH \{JY. Tiose)].eH11e Ha rpaHHU,e TOKa J/1 

IIOTOKa AJISI rapMOHl1KH \{JY H AOIIOJIHHTeJibHOH rapMOHJ/IKH 

npe,ll.cTasJJetto tta pttc. 5. Jl:JISI npH6JIH)Kettttsr MTTr <6F> 
Mbl noJiy4aeM , 4TO Ha BHellIHHX rpaHSIX KacceTbT TOK no-



C 

:03 2~ 

E A 

s r 6 

PHC. 4. 1-lyMcpa­

l~~rn rpa11ei,i wec­

nirpa1111oii ST'IC~1-

o~l(-l) - •••~"' 
C A R C 
(I) (I) 

~d $; p ~C-. -;-i D----1lr-E---tll-' -

PHc. 5. CxeMaTw1111,1c 3anH­

Cl1MOCTH TOKa (a, 6) H 110-

TOKa (6, t) OT KOOPA~lllaThl 

rpam1 KaCCCTbl ,!IJHl rapMO­

IIHK~I lpY (a, e) H nonOJ1HH­

TeJ11,110~1 rapMOHHKH (6, t) 

6 CTO5JHeH, a 33BHCttMOCTb nOTOKa OT KO­

Op./lttHaTbl rpaHH MO)KeT 6h1Tb xopowo 

npH6J11-1)KeHa Jll-1HeHHOl1 cpyHKl.l,Hei-1 OT 

KOOpAHHaT rpaHl-1 (p11c. 6, a). 

P11c. 6. CxeMaTH'IMhlC 3aUHOIMOCTH TOKa (I) H rlOTOKa (2) KorAa Mbl BBO,lll-1M BblIDeon11caHHhlM 

cnoco6oM AOCTOJJHHTeJlbHYIO rapMOHHKY, Ha n11e11111eh rpa11Hu,e KHCCCTl,I 6e~ )'.\OllOJIIIHTl.!Jll,IIOh rapMO­

HHKH (a) H nOCJIC ee BUC).lCllfrn (6) 
TOK 11 nOTOK Ha BHelllHCM rpaHHl.l,e MoryT 

6bITb JJ.OCTaTOlCHO TOllHO npeACTaBJJCHhl J11-1He11tto11 cpyttKu;11e11 KOOPAirnaT (p11c. 6, 6). Co-

OTBeTCTBeHHO B nepBOM CJIY'-Lae YCJJOBHC (1. 1) Bb!IlOJIH51eTC5J TOJlbKO B cpeJ].HeM no rpam,, a 

BO BTO()OM - C xopowett CTeneHblO TOlfHOCTM )].Jl51 ecex TO'-leK rpam-1 (CCJIH 6oJieC crporo, TO 

TOJlhKO AJ151 nOCTO5JHHOl1 1-1 Jll-1.HeMHOft KOMCTOHeHT peWCHl-151 Ha BHCWHCH rpatt1-1u,e, KOTOpbie, 

O.[(HaKO, 5IBJl}IIOTC5l B .[(aH.HOM CJlytiaC onpeAeJJ5110lll,11Ml-1 3aBttCl-1MOCTb peweHl-151 Ha BHecrnei-1: 

rpaHHu,e). 

IToeTopttM npou.CAYPY Ml-1HttMtt3aUHH cpyttKl.l,HOHana nosepxttoCTHOA HeB513KH H3 

pa6oTbl [2] 11, HC orpatt1-1•11-1Ba51Cb B pa3JIO)KeHHl-1 cpyHKl.1,1-111 l.l,CHHOCTH HettTpOHOB Ha rpaH5JX 

rpaHHl.JHblX KacceT TOJlbKO nepBblMtt rneCTblO noeepxHOCTHblMl-1 rapMOHl-1K3MH, BBe,[(eM ,[(O­

TIOJIHHTeJJbHO K HHM CJICAYIOlllYIO, CB5J33HHYIO C OCHOBHblMH KOOPJJ.HHaTHblMl-1 QJYHKU,l-151MH: 

r 

0, ec;rn rsE fa, b ]; 

~ JJHHeHHa5l cpyHKll,H5J OT 's' ~ib) = -I'..., W/c) = 1, eCJ111 r5E[b, c]; 

W7(i) =1 J111He11Ha5J QJYHKU,H5l OT 's' W/c) = l, W/d) = -1, eCJJH r5 E [c, d J; 
0, ecJIH r

5
E [d, e ]; 

0, ecn11 r
5
E [e, /]; 

0, ecn11 r
5

E [f, a], 

eCJJH 51lJeMKa HMCCT )].Re BHeWHHe rpaHH - 2 11 3; 
J11-1He11Ha51 cpyHKll,1-151 OT r

5
, W/a) = -I, W/b) = 1, ecn11 r

5
E[a, bl; 

0, eCJJH r
5
E[b, c]; 

W/i) = JJHHettHa51 cpyHKll,1151 OT rs, W/c) = 1, W/d) = -1, ecntt r 5E[c, d]; 

0, CCJIH r
5
E [cl, el; 

0, ecn11 r
5
E [e, /]; 

o, CCJIH rsE [J, a], 

ecm1 51'-leiiKa ttMeeT TPH BHeUJHHe rpaHH - 1, 2 1-1 3. HoMepa rpattei-i l1 rpaHHll,bl COOTBeT­

CTBYIOW,HX OTpe3KOR TIOKa3aHbl Ha p11c. 4. 
Ka)K,[(blH pa3 6yAeM op11eHTHpOBaTb Ce,[(bMYIO rapMOHHKY B COOTBeTCTBHH C TeM, K3KHe 

J,J3 rpattei-i KacceTbl 5IBJ15JIOTC51 BHCWHHM.11, a B 33BHCHMOCTl1 OT l(l,fCJJa BHCUJHl-1X rpaHett y 

paccMaTpHsaeMOl1 KacceTbl 6yACM BBO)J,HTb B pa3JJO)KeHHC 1.1,eHHOCTH nosepxHOCTHYIO rap­

MOHHKY Toro HJIJ1 HHOro COpTa. 3aMCTHM TaK)Ke, lJTO BBeJJ,CHHYIO HaMM cpyHKll,1-110 scer,[(a 

MO)KHO npeACTaBHTb B BHJJ,e Jll1ttefIHOH KOM611Ha1.1,1111 OCHOBHhIX nosepxHOCTHblX rapMOHHK 

W
7
-W12 fl3 [2 ]. LI,anee, noeTOp5151 paccy)K)].ett11SJ H3 f2 I, 3an11rneM rpatt11l.JHOC ycnoe11e 

,[(Jl51 BbllJHCJleHH51 npo6HbIX QJYHKU.1111 K 1 ,2 (HaDOMHHM, lJTO B MITf B K3lJCCTBe npo6HbIX 
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cjJyHKUlli'I 11cnOJ1b3YIOTC51 pcwcHHSl ypaRHCHl151 ncpc1-t0ca RH)'TP~I }llfCCK <_~aCCCT), YAOBJ1CT­

R0p5110W,11C HCKOTOpb!M rpaHlllfHhlM ycnOBl1}1M). PacCMOTpHM CHalfaJla }l'ICI IKY CABYM}I RHCW-

H11Ml1 rpaH51MH: 

ic, f f f (Q, n)0g(E) tt\(rs)Kg, (w)dr,dEdQ = og,g' • 

4n Er, 
(1.3) 

3JJ.CCb 11 JJ,ance 11HACKC, o6o3H3lfa10W,1111 nm cjJyHKUH~I (I 11)111 2)' onycT11M; IV - COBOKyn­

HOCTb BCCX nepeMCHHblX, OT KOTOpblX 33B11Cl1T cjJyHKU,1151 , onl1Cbl83IOW,a5l none HCHTpOHOR; 

a - AJ111H3 rpa1-111 K3CCCTbI; n - HOpM3Jlb K rpaH11 K3CCCTbl; 

J I , E E IE g' E g+ 1 I 
0
/E) = 10, E ff. lEg, Eg+I I 

- xapaKTep1-tcT114CCKa5l cjJyHKUl15l .'.)HCpr1111; Eg II Eg+l - rpaH11u,h1 11HTcpsana g-11 rpynn1,1 

HCHTpOHOB. 

OnpcJJ,eJ111M CJICJJ.y10w,11c rpynnos1,1c MaTp11u1,1 c ::>J1CMCHTaM1i: 

rog,g' = ¾ f f f (Q, n°>20g(E) Wk)Kg ,(w)drsdEdQ; 
4n E lb,c] 

r1g,g' = ¾ f f f (Q, n)20g(E)Kg,(w)dr5dEdQ; 
4n E lb,c] 

r2g,g' = ¾ f f f (Q, n)20gCE)Kg,(w)drsdEdQ; 
4n Ela,bl 

r3g,g' = ¾ f f f (Q, n)20g(E)Kg,(w)dr/lEdQ, 
4n: E IJ,a l (1.4) 

a T3K)KC BBCACM HCKOTOpb!C i:1onOJ1Hl1TCJibHblC xapaKTCPHCTl1Kl1 OT y)KC H3BCCTHblX npo6Hh1X 

cjJyHKll,HH 1/'X(w), ~,Y(w), ;X(w), ;Y(w): 

11'tu' = ¾ f f f (Q, n)20g(E)l(r)I/J{,(w)dr5dEdQ; 
4n Elh,a] 

;,g,g' = ¾ f f f (Q, ri) 20gCE)l(rs);{(w)dr5dEdQ . 
4n E lb,al 

(1.5) 

3JJ,CCb l(rs) - JIJ,1HCH'H3Sl OT KOOPJ:111H3Tbl rpaH11 1 (CM. p11c. 5) cjJyHKU,1151, /(a)= - 1; 

l(b) = 1 - opHCHT3l.l,115l cjJyHKU,11H 1/'X(w), 1/JY0Y!), ;-\w), ;Y(w), T3K35l )KC, KaK J,f B 12 ]. 
Bwpa)KCHl151 (1.4) - 3TO BKJI3,':I OT cjJyHKll,f.1H W7 B KO:JQJQJHU,HCHTbl pa3JIO)KCHl151 npH no-

Jil1HOMe JlC)K3HJJ,pa Po (MaTpHU,hl rl, rz, r3) ~· pl (M,1Tp11ua ro) np11 pa3J10)KCHJ.1J,f B P5l!l no 

cjJyHKU,1151M JlC)K3HJJ,pa nOTOKa OT/l,CJlhHO Ha K3)KAOH rpa1-111 KaCCCTbl. 81,rpa)KCHH}l (1.5) -

::>TO BKJ13A B K03QJQ)1'1U11CHTbl pa3JlO)KeHl151 np11 nOJ111HOMC JlC)K3HAP3 PI OT COOTBCTCTB)'IOI.Ll,HX 

npo6HblX cjJyHKU,J.111. Ecn11 KaCCCTa Cl1MMCTpl-llff-13 OTHOCl1TCJlbHO TTOBOPOTa Ha 60°, TO 6yi:1yT 

cnpaBCAJ111Bbl CJlCAYIOW,HC COOTHOUlCf-111.51: 
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¾ J J J (Q, ri) 20gCE)W1(r5)Kg,(w)dr,dEdQ = r0g,g'; 
4n Ef,1,dl 

¾ f f f (Q, n)20g(E)Kg,(w)dr
5
dEdQ = r1g,g'; 

4n E. lc,d] 

¾ f f f (Q, n)20g(E)Kg,(w)drsdEdQ = r2g,g' ; 
4n E le.di 



...-

¾ f f f (Q, n)20/E)K
8
,(w)clrsdEdQ = r3u ,; 

4:r E 1/,l'I 

l f f f (Q, n}20n(E)l(r,)V1>; ,(w)clr,.c/Ec/Q = !/',,, g'cos2a .; 
(I ., J -~ J ,,, , ' 

4rr EIS) 

¾ f f f (Q, n)20/E)l(rs)!/J;,(w)clr/lEc/Q = 'lfltg,g'sin2aj; 
4ll E IS} 

if f f (Q, n)20 ,(E)l(r .)~gY,(w)clr,c!Ec/Q = ~1,, ,,,cosa .; 
(I !; s J ·"·' ' 4n EIS) 

¾ f f f (Q, n/8/E)l(rJ{;,(w)c!riEc!Q = ~tg,g'sinaj' 
4:r EIS) 

(l.6) 

3.!ICCh 11H.!ICKC r Si I 03H~l'laCT 11HTCpRaJI l1HTerp11poRaHIHI no j-H rpaH11, HyMepaum1 rpattett, 

a TaK)KC 6yKRCHHhlC o6031ialJCHl151 noKa3aHhl Ha p11c. 6, ai - yron MC)K.!IY HOpM3JISIMl1, 

onywCHHhlMl1 Ha j-lO 11 ncpsylO rpaHl1. 

CnpaRC.!IJil1BOCTh 8blpa.>t<CHl1H ( 1.6) M0)KHO .!IOK33aTb CTporo, 0,II.H3KO 113-3a rpOM03A­

K0CHI .!10K333TCJ7hCTR0 3,11.CCb HC np11B0.!111TC5I. 

TTOJI Y lll1M TCnCpb K0HCLIH0-pa3HOCTHhlC ypaBHCHIISI MTTf, Y'll1Th1Ba51 KpOMC nepBblX 

wecn,i npo6Hh!X <pyHKI.J;tl~i T<IK)KC II CC.!lbl\lYIO B rpaHJ,fl(HhIX 514CHKax. O4C811.!IHO, lJTO OTJIJ,f\.Jl1C 

OT np116J1lf)KCHIHI <6F> 6yJlCT TOJlbKO B ypaBHCH1151X .!IJI51 rpaHlfl(HblX SllJCCK If C0CC,11.HlfX C 

rpaHl14HhlMJ1. TaKl1M o6pa30M, HC06X0.!111MO paCCMOTPCTh Tp11 CJiy<Ja51: rpattwu,a MC)K.!IY BHyT­

pettHCH 11 BHCWHCH SlllCHKaMll, MC)K.!IY BHCWHCH 11 BHCWHCH, RHCUIH.5151 rpaH111.1,a rpaHW\.JHOH 

.51c1ewK11. EyAeM noM1U1Th TaK)KC, 'ITO RO scex Tpcx cny,1aS1x B03MO)KHbl ,11.sa sap11attTa: sttew-

H5151 5lllCHK3 11MCCT }lBC 11Jll1 Tp11 BHCllIHlfX rpaHl1. ECJIH 

rpattb , BBO.!l11Tb .!IOnOJIHl1TCJlbHYIO rapM0HWKY He 6y.!ICM. 

51,1ewxa 11MeeT O.!IHY BHCUIHIOJO 

1. BttyTpeHHSHI-BHCWHSUI. Ha p11c. 7' a noKa-

3clHO B3311Mttoc pacnoJio)Kett11e sttyTpettttew O 11 

BHCWHCM j .514CCK, 11MCfOU.U1X o6UiylO rpaHb. 3an11-

WCM s1,1pa)Kem1cAJIS1 TOKa tta o6UJ,ci1 j-w rpaH11 c1cpe3 

clMTIJIHTY.!lbl npo6HhlX <t>yHKU,1111 514CHKl1 0: 

"'?j = o~ + Jj cos ai + 1 sin ai + 

+ ~ cos 2ai + ~ sin2ai + ~ cos3ai PHC. 7. B3aHMII0C pacn0JI0>Ke1111e 11•1eeK, MMe­

lOIUHX O0UlYIO rpaflb: (I - BHyTpemwh H 

➔ ➔- -+ -+ . ➔ ➔ A A A A 

3.!ICCb CJ! 0' lo , l()' Xo, xb, lo - clMrlJll1TY.!lbl UICCTl1 npo6tthlX <pyHKU11tt; 'Po, !/Jo, ~o Lio -

COOTBCTCTBYfOlllHC 11M MaTpllll,bI; aj - yron MC)K.!IY HOpMaJI51Ml1, onyUJ,eHHhIMl1 Ha j-lO 11 

0-IO rpatt11 113 UCHTpa 5JlfCHKl1 0. YMHO)KHM nepsoe Bhlpa)KCHl1C Ha 9o 11 8hl4TCM H3 BT0poro: 

fj - {l,0"'?j = <i>0 - x 0 cos 2a1 - Y0 sin 2a1 - T0 cos 3ai' (I .?a) 

Attanor11,1ttoe s1,1pa)Kem,1e 3an11weM JlJISI 514ei1KH j, .!IJISJ KOTopoil 06ma51 c 0-i,i' 514CttKoi-f 

6y.!ICT rpatth j + 3 HJIJ,f j - 3. Y411Th1Ra51, c1To aJ+J = ai + n, nony4HM: 

~ - {I,,~= <i>i - xi C0':i 2aj - Yi sin 2ai + Tj cos 3ai + ~Rj' (l.76) 
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7 " ")oi- x y = ((i,. - [".)I\~-; T.((/;. - ';°;.)t.- HOBhlC ncpcMCHH1>1c; R . -
3JJ.CCb <pj = (<f'j - !/'j j' j' _ _i I · I I I I I I I J 

::iMnJJIITYJl.:I CCJJ.hMOi-i npo6HOII cjJyHKUIIH ... K. .. 
< .I1a11cc, Bhl4TCM H3 ypaBHCHHSI (l.7o) ypaB HCHH C ( 1.7a) 11 noCJlC npco6pa30BaHfll-1 no-

JJYLIHM Bblpa)KCHHC JlJISI TOKa qcpc3 HHTC!ccy~w_y!O H3C rpa~: ➔ 

➔ ,,._ ,,._ _ [(Q> . - cl\) - (X. - X0) cos 2a. - (Y. - Y0)sin 2a. +] 
Jo - (!/' + I/' ) 1 ' ➔ ➔ ' ""➔ 1 1 1 

(1.8a) 
i- i o +(Ti+T0)cos3ai +rkRi · 

2. BewHstSI-BHeWH.SUI. Ha p11c. 7' 6 nOK33aHO B3al1MHOC pacnOJ10)KCHl1C ABYX BHCWHHX 

.S(L(CCK, 11MCIOLU11X o6w_yio rp3Hh. flOBTOp.srn npoueAypy ncpsoro nyHKT3, 3ani,1weM Bhlpa­

)KCHHC JJ.1151 TOKa Ha o6ll.l,ci1 j-i1 rpaH11 L1Cpc3 aMnJJHTYAhl npo6HhIX cpyHKU.11H 5JL1ei1K11 0 11 j: 
7 7 ➔ ➔ ➔ ➔ 

➔ .,._ .,._ [(<11 . = <P0) - (X . - x0 cos 2a. - (Y . - Y0) sin 2a. +] 
JO = (I/'_ + I/' )-1 / ➔ ➔ / .,._ ➔ / ,,._ ➔/ J • 
, , o + (Ti+ T0) cos 3ai + (rkRi - r,,,R0) 

(1.86) 

3. BHeWH.SUI rpam1u.a BHewHe~t 51,1e11x11. J.1cnOJJb3Y51 TC )KC np11CMbl, noJJytll1M Bblpa­

)KCHHC }]1151 TOKa l(CpC3 BHCWHIOIO rp3Hb BHCWHdi 5IL(CHK11: 

7J = (y + $0)-
11- qi0 + x0 cos 2ai + Yi sin 2ai + Ti cos 3ai - ~,,Ro)]. (1.8s) 

3H3L(CHl1.SI, KOTOpblC np111-t11Ma10T l1HACKCbl k 11 m, 3aBl1CSIT OT Tpcx napnMCTpos: KO­

Jll1l(CCTBa RHCWHl1X rpa1-1c~1 ; HOMCJ)OB RHCWHV.X rpa1-1c11; HOMCpa TCKyw_cr, rpn1-111. B Ta6J1. I 
npCACTaBJICHbl 3HaLICHl151 11HACKCOB AJISI S]L(CCK, 11MCIOW.11X ABC BHCUJHHC rpaHH , B Ta611. 2 -
Jl,1151 5IL(CCK C TJ)CMSI BHCUJHHMl1 rpatt51Ml1 B 33Bl1Cl1MOCTl1 OT HOMepos BHCIIIHHX rpaHeH i1, 
iz, h 1-1 HOMcpa TeKyJ..U,ei-t rpatt11j, o6o3HaL1ctt11c a+ b noKa31,1sacT, LITO s cpopMyJiax (l.8a)­

(l.8a) c11eJ1yeT B351Th cyMMY MaTp1n1, ra + rh. 

Ta 6 JI ~· ll a I. 1-111/lCKChl k H /1111 cpopMyJJaX (l.8a)-(l.8u) / lJHI n'lCCK C Jl llyMn llllCIIIIIIIMH rparrnMII 

i,, ii i=I i = 2 i = 3 i = 4 i = 5 i = 6 

I, I I 3 3 2 

2, 2 4 

3, 4 

4, 5 
5, 

6, 

Ta 6 JI H ll a 2. 1-111,1\CKChl k II Ill B cpopMyJtaX (l.8a)-(1.8B) JUHi ll'ICCK C TpC111ll BIICWIIHMII rpamlMH 

i, , i2, i 2 i=I i = 2 i=3 i = 4 i = 5 i = 6 

I , 2, 1+2 l+I 1+2 3+2 3+3 3+2 

2, 3, 4 2+3 1+2 l+I 1+2 2+3 3+3 

3, 4, 5 3+3 2+3 1+2 l+I 1+2 2+3 

4, 5, 2+3 3+3 2+3 1+2 l+I 1+2 

5, 6, 1+2 2+3 3+3 2+3 1+2 l+I 

6, I, l+I 1+2 2+3 3+3 2+3 1+2 

D,a11cc T3K\1M o6pa30M (l.8a)-(l .8s) onpCACJJCHHblC TOKl1 BXOASIT B ypaBHCH1151 13 ). 
HanOMHl1M, LfTO BCC OroROpCHHhlC 113MCHCIHl51 KaCalOTCSI TOJlhKO rpaHlfl(HhlX S]L(CCK .11 11MC­

IOLU11X o6ll.l,yl0 rp3Hb C rpaHl(l(HhlMl1. 

Tencpb nOJJytll,fM ypaBHCHHSI AJISI onpCACJJCHl1.SI 3MnJJl1TYA AOnOJJHl1TCJlbHblX npo6HblX 

QJYHKU11H Rj" D.JJSI :::noro 3tln11WCM rpaHHLIHOe yCJJOBl1C }]JI.SI <<H3KJIOHOB>> TOK3 J,f noTOKa: 
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(1.9) 

3,D.eCb jl 11 j2 - HOMepa rpaHei-t, Ha KOTOpblX ,D.OTIOJJHHTeJJbHaSI rrpo6HaSI cpyHKll,HSI HMeeT 

HeHyJJeBoi-t HaKJJOH TOKa. TaKHX rpaHei-t 6y,D.eT scer,D.a ,D.Be BHe JaBHCHMOCTH OT KOJJH'-leCTBa 

BHeUIHHX rpaHeH Sl'-leHKH (CM. PHC. 3) . OCT3JlbHble o603HalieHHSI HMelOT TOT )Ke CMbICJI, 

4TO H paHee. 3HaKH B ypasHeHHSIX (1.9)' JaBHCSIT OT opHeHTaU,HH Sl4eHKH, H O HHX Mbl 

CKa)KeM OT.D.e.l_!!>HO. TaKHM o6pa30M , cyIIJ,eCTBYIOT ,D.Ba ypaBHeHHSI ,D.JJSI orrpe,D.e.neHJrn O,D.HOH 

HeHJBeCTHOH R. 3.D.eCb HMeeTCSI HeKOTOpblH npOH3BOJJ, Mbl BBeJJH O.D.HY rapMOHHKY H Tpe6yeM 

BblilOJJHemrn rpamt4Hb!X yCJIOBHH Ha .D.BYX rpaHSIX. ECJIH Mbl rrpaBbl B paccy)K,D.eHHSIX 0 

JIOKaJJbHOH npHpo,D.e noBe,D.eHHSI IlOTOKa Ha BHeurneH rpam1u.e KacceTbl, TO .YJ>aBHeHHSI (1.9) 

6y,D.yT mrneHHO 3aBHCHMbl B TOM CMblCJJe, 4TO 4aCTH, He ~O,D.ep)KaIIJ.He R, 6y,D.yT paBHbl 

(HJJH no KpawHeH Mepe 6JJH3KH). Tor,D.a ,D.JISI onpe,D.e.nemrn R MO)KHO 8351Tb mo6oe H3 HHX. 

TeM He Mettee CJIO)KHM ypastteHHSI (1.9) H Bb1pa3HM R 4epe3 aMnJJHTY.D.bI npo6HhlX <pyHKU.HH 

nepBoro nopSI,D.Ka: 

➔ vJ A -llv\r~(A sin 2ajl + B sin 2a/;J + ~(A cos2ajl + B cos 2aj2)] + l 
Ro= - 4 (r o + y) A 2 A ➔ ➔ • 

+ ~,Ji Lx[X0(A sin 2ai1 + B sin 2ai2) + Y0(A cos 2ai1 + B cos 2ai2)] 

(1.10) 

Kos<p<pHIJ,HeHTbl A l1 B 3aBHC51T OT opHeHTaIJ,HH rpaHH4HbIX KacceT (Ta6JJ. 3, 4). 

T a 6 J1 H LI a 3. KoJ(j)(j)H~HeHTbl A 11 B WIii KaCCCT C .QBYMll BHemHHMH rpa1111MH 

i,, i2 A B 

I, 2 

2, 3 -I - 1 

3, 4 

4, 5 -I -1 

5, 1 

6, -1 -1 

T a 6 J1 11 LI a 4. KoJ(j)(j)H~HeHTbl A " B Will KacceT C TpeMSI s11em11HMH rpan!IMH 

i, , i2• i3 A B 

I , 2, -) 

2, 3 , 4 -1 l 

3, 4, 5 - 1 

4, 5, -I I 

5, 6, -I 

6, l , 2 - l 

B cpopMyJJy (1.10) BXO.D.SIT BeJJH4HHbI Jx, JY aMnJJHTYA 2-t:t H 3-H npo6Hb1x ¢YHKU.HH, 

KOTOpbie 6bJJIH pauee [3] HCKJIJ04eHbl, 1103TOMY AJJ51 y,no6cTBa Bblpa3HM HX llepe3 napa­

MeTpbI, Henocpe,D.CTBeHHO npHMeHSleMble B paclleTe. JJ:JISI 3TOro BOCilOJib3yeMCSI rpaHH4HblMH 

ycJIOBHSIMH Ha rpaHSIX JI, J 2= 

rio~j +{p0(~ cosaiI ,i2+~ sin ai1,i2)+fo<?o cos 2ai1,i2+~ sin 2ail,i2) + ; 0~ cos3aiIJ'2+ 
A ➔ ➔ ➔ ➔ ➔ ➔ ➔ (1.11) 

+ r1R0= - y(M0 +JJ cosai1,12+Jb sin ai1,12+xJcos 2ai1,12+ xb sin 2ail,j2+t0 cos 3ai1,12). 
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MbI l1MeeM ABa ypasHeHl15I (AJISI .o;syx rpattew j 1 11 h), 113 KOTOpbIX MO)KeM ITOJIY'U1Tb BbI­

cpecyiow.ttx Hae seJ1114HH JX, JY. BseA51 o6o3Ha,1eHlrn 113 [3], rroJiyl.!HM: 
paX<eHHSI' AJl51 11HT -+ -+ 

-+ Q2 cosa.1 - Q 1 cos a'2 
JY - I I • 

O - sin ajl cos aj2 - sin aj2 cos ajl' 
-+ 

jx - - QI + Jb sin ail. 
0 - COS ajl 

Qk = [f £3cp +({po+ 0-
1
] <$0 + [Tix - ({po+ 0-1]<xo cos ajk + Vo sin ajk) + 

+ [1£T- ({po+ 0-1lrocos 3ajk +({po+ 0-
1
~Ro. (1.12) 

3AeCb H - pa3Mep KacceTbl «nOA KJl!Oll>>; 

" - ~" " -1. " _ 1_" - " -1. " - ~" - " -1. L3cp - H('Po - 1/Jo) ' L X - H(l/Jo ~o) ' LT - H(l/Jo uo) ' 

~o = <:Po - rfo)J°io; Xo, Yo = <rfo - fo)?a.Y; To = <rfo - ;?o)~; 

k rrp11H11MaeT 3Ha4eHH51 I H 2. 
TaKHM o6pa30M, ITOJiy4eHbl ypaBHeHJ.151 (l.8a)-(1.8s), (l.10) H (l.11), KOTOpbie AO­

□OJIH51JOT Cl1CTeMy ypasHeHHH 113 [3 j, ITO3BOJISl51 rrp11 3TOM rrpOBOAHTb paClleTbI MTir B 

npH6JIH)KCHHl1 <6F> 11 C AO□OJIHHTeJibHOH rapMOHHKOH B rpaHHl.!HbIX 51'-ICHKaX. J,fToroBaSI 

Cl1CTeMa ypaBHeHHH AJISI rneCTHrpaHHOH peweTKH BblfJISl)l:HT CJie)l:yJOIIJ;HM o6pa30M: 

3 6-+ " 3 6-+ "-+ 
- 2 2JJ- L<1><$ = 0; - 2 I,1J cos 2aj - LxX = 0; 
4H j=I 4H j=l 

3 6-+ -"-+ 3 6-+ -"-+ 
-

2 
I, 1° sin 2a . - L yY = O; - 2 I, J~ cos 3a. + LTT = 0. 

4H j=I 1 1 4H j=I 1 1 

ECJIH SllleHKa O BHyTpeHHSISI (He HMCeT BHCUIHHX rpatteii), TO: 
0 _ " " -I -+ -+ -+ -+ · -+ -+ . 
Jj - (1/Jj + 1/Jo) [(<$j - Q>0) - (Xj - X0) cos 2aj- (Yi - Y0) s10 2aj + (Tj+ T0) cos 3ajl, 

ecm1 SllleHKa j He 11MeCT BHeillHHX rpaHeH (BHyTpettmrn); 
0 _ " " -I -+ -+ -+ -+ · -+ -+ 
Jj ;:Jl/Jj+ 1/Jo) [(<$r <$0) - (Xr X0) cos 2ar (Yj - Y0) s10 2aj+ (Tj+ T0) cos 3aj + 
+ r0j1, eCJIH SllleHKa j 11MeeT BHeIIIHHe rpaHH (BHelIJH51.SI). 

&.CJlll Sll.!ettKa O BHeUIHSISI (11MeeT BHeWHJOIO rpaHb), TO: 
0 _ " " -I 2 2 -+ -+ -+ -+ . -+ -+ 

Jj ;:-+- (1/lj + 1/Jo) [(IJJr IJJo) - (Xr X0) cos 2ar (Yj - Y0) sm 2ai+ (Tj+ T0) cos 3ai+ 
+ rkRj], CCJIH 511ICHKa j He HMCCT sttemHHX rpatten (sttyTpeHHS1S1); 

0 " ,,... _1 [(Q>j - Q>0) - (X. - x0 cos 2a. - (Y. - Y0) sin 2a . +] V 

Jj = (1/lj + 1/Jo) + (~ + To) cos' 3aj + (~Ri !_ ;,i~) J ' eCJiw SillCH-

Ka j T3K)KC HMCCT BHCUIHHC rpatt11. 

lI:JI.SI onpe11:eJieHHSI AO□OJIHHTCJlbHOH rrepeMeHHOH 11C□OJlb3yeTCSI cpopMyJia (1.10). 

PACqETbl .[(BYMEPHblX CEOPOK 

no nporpaMMe Mnr-rEKC (6), B KOTOpOH peam-13OBaH BbIIlle□ pHBCAeHHbIH anropHTM, 

6hIJIO paCC4HT3HO HeCKOJlbKO ABYMCpHbIX c6opoK BOAO-BO/1:SIHbIX peaKTOpOB. Tipeu;H3HOHHbIC 

pe3yJibTaTbl scex TeCTOBblX 3aAa'l 6bIJll1 □OJ1y4eHbl pa3Jll1l!Hb)Ml1 asTopaMH np11MepHO O/1:HHM 

11 TeM )Ke o6pa3oM: KacceTbl C4HT3JIHCb fOMOfCHHbIMH H .11.Jl.SI HHX 6b1JIH 33A3Hbl AByxrpyrr-
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.......------ -

nOBble ;:u1qJQJY3HOHHhlC KOHCTclHTbl, .uancc npORO,/lHJIOCb HCCKOJlhKO paC4CTOB 0,/lHOJil aKTHB­

HOH 30Hhl C pa3HhlMH .UOCTi1TOlfHO MclJlblM11 waraMH KOHClfHO-pa3HOCTHOH CCTKl1. TaKHM 

o6pa30M 6hlJll1 nOJJY'ICHhl npaKTl14CCKH TO'IHblC pcwCHIHI ,/lHq)qJCpCHU,113JThHOro ypaBHCHl15! 

.u11cj)qJy31111 8 pcaKTOpc. TcCT l 61,1n npC,1,JJO)KCH R 17111 nOJJytlCH C nOMOLUblO nporpaMMbl 

_HEM-3, TCCT1>1 2-9 i.1cnOJ1b30Ba1mcb.UJTn BCp11Cp11Kau,1111 aMepHKaHCKoi-i nporpaMMbl ANC-H 
(no.upo6HOC 11X on11caHJH! COACP)Kl1TC51 8 [8 ]). B Hawei,i pa6oTe np11Be,/leHhl iwyxrpynnOBbie 

KOHCTaHTbl, KapTOrpaMMhl ti npCU,113110HHhlC pe3yJJhTi1Tbl ,'.l,JTSI Ka)KJJ,OrO TCCTa H3 COOTBCT­

CTBYIOl.lJ.11X ny6JTl1K3U,HH, a T3K)KC HCKOTOpbie /J,3HHblC, nonyt1eHHhie no nporpaMMe 

MTTr-rEKC 8 np116m,1)KCHl15!X <6F> 11 <6F+l> (KpOMe TCCTa 9, .llJISI KOTOporo pe3yJTbT3Tbl 

:JTHX npH6JIH)KCHl1Jil COBna)].alOT C 60JJbWOH CTeneHblO TOl(HOCTH). 

Pe3yJThTaTbl paClJCTOB MCTO/J,OM noBepXHOCTHblX rapMOHJ1K 6b1JIJ1 noJTy4CHhl CJICJJ,y10-

11J.l1M o6pa30M • .llJTSI K3CCCT 6hIJTH paCC411T3Hbl Heo6XO)].l1MbIC :JQ)Q)eKTRBHble xapaKTCpl1CTHKH. 

TaK KaK K3CCCThl rOMOrCHHbIC, ./lJISI 3TJ1X u,eJTCH 6bIJTa 3a)].eHCTBOBaHa onu.m,, peamrny101IJ,a5! 

,1HaJ1HTl1lJCCKOC pewCHHe COOTBeTCTBYIOUJ,HX 3aJJ,3lJ (OTCI0)].3 He3HallJ1TeJJhHOe, <0,5% B 

3HeprOBbI}J,eJICHJHI, OTJTl14HC OT Hawwx pe3yJJbTclTOB, np11aeJJ,CHHbIX B [5)) .llJlSI BCex Tl1Il0B 

KaCCCT, KpOMC OTpa)K,lTCJISI, .UJISJ KOTOporo 3q)Q)CKTJ1BHhlC xapaKTCpl1CTl1KH 6hIJ111 noJiy4eHbl 

no KOHCl(HO-pH3HOCTHOH onu,1111. n:ancc npOBO.lll1Jll1Cb paCtlCTbl no nporpaMMC M TT r-rEKC 
B np116J111)Kemrnx <6F> 11 <6F+ l >. 

JlJTSI yCKopCHl151 CBepXBHCWHHX HTepau.11tt np11MCHSIJ1C51 o2
-npou.ecc 3ttTKHHa 19 ], KO­

TOpblH, KaK OKa3aJJOCb, xopowo nOJJ,XO,ll,11T )].JISI 3Tl1X U.CJTCH 11 IT03BOJISICT npOBO/J,HTb acero 

TPl1 CBCpXBHCUJHHl: J1TCpau.1rn. 

Bo acex np11neJJ,eHHblX TCCTax norpClllHOCTb paC4CTa <6F+ I> COCTaBJTSICT He 6onee 1,5% 
B KaCCCTHOM 3HCpl'OBbr)].CJTCHIUI J,f He 6onee 20 pcm B K:,¢• KaK y)Ke OTMellaJIOCb B (5], 

H3HJlytlWHC pe3yJlbTaTbl /J,JTSI npw6Jil1)KeHl1SI MTTf <6F> ITOJTY43IOTCSI JJ.1151 A3 C OTpa)KaTCJICM 

(TCCTbl l, 6, 7, 8, 9). TaM )KC, r,ll,e OTp3)K3TeJI51 HeT 11 33/J,3HO <<3JTh6e)].HOe» rpaHH4HOe 

yCJJOBHe, norpeWHOCTb MO)KCT npeBbllll3Tb 5%. Bae,ll,CHHe }J,OITOJIHHTeJlbHOM rpaHHllHOH rap­

MOHHKl1 33MCTHO YTO'IH5ICT paClJCT, HO CJJY)l(HT JlHIIlb /J,JISI 06ecne,1eHHSI 6oJTee aJJ,eKB3THOM 

ITOCT3HORKl1 rpaHHlJHblX yCJJOBHH, 11 RPSl.ll JTH HMeeT CMhlCJT ee 11CITOJlb30B3Tb B pac4eTax 

peaJJbHhlX o6bCKTOB. TeM He Mettee caM cj)aKT 33BHCHMOCTH pac•IeTHhlX ReJIHl!HH OT XOJJ,a 

TOKa no BHewttei1 rpaHHU.C KacceT 33CJIY)KHBaeT BHHM3HH5l, ITOCKOJTbKY IlOK33hIBaeT, 4TO 

npocTaSI 3aMeHa OTpa)KaTeJI51 3Jlh6CJJ,O MO)KeT npHBO,ll,HTh K 3aMeTHhlM norperuHOCTSIM, JJ,a)Ke 

CCJIH C3MO a;m6e)].O BblllJ1CJJeHO /J,OBOJlbHO T04HO. 3To npOHCXO/J,HT OTTOro, 4TO B noCJJe)].HeM 

CJJyqae He Y'-111ThIB3eTCSI }J,CHCTBl1e COCC/J,HHX S[l[eeK ,ll,pyr Ha ]].pyra «4epe3 OTpa)KaTeJib». 

EoJiee IlOJJ,p06Hoe o6cy)KJJ,eHHe JJ,aHHOl'O BOO poca BblXO}J,l1T 33 paMKH pa6oTbl l1 Tpe6yeT 6onee 

,n;eT3JlhHOH npopa6oTKH .llJISl npoaepKI1 HaUIHX npeJJ,nOJIO)KCHHH. 

AHaJil1311PY5l pe3yJihTaTbl paC4CTOB, MO)KHO C,ll,CJl3Tb BblBO.ll O TOM, 4TO )].Jl51 pac,1eTa 

BO}J,0-BO/J,Sl'HhIX pcaKTOpOB C weCTHrpaHHblMH KacceTaMH /J,OCTaTOllHO l1CITOJTh30B8Tb npH-

6JTH)KCHl1e Mnr <6F>. 

Ta 6 J1 11 u. a 5. ITapaMCTpb1 3a.ria•111 I JIJm 

pac'leTon MITr 11 pencpuoro pac•1cTa 

napaMeTp <6F> I <6F+ I> Pencp 

K"'~ 0,988924 0,988922 0,988894 

oK"-1>, pcm 

max dW, % 0,2 0 , 1 

I 
JIJ,l)l 166,905 
-o.os -0..05 
+O,tJ +0.01 

Pf1c . 8. TcCTooa11 3ana•ia I. KapTCJrpaMMa, pacnpe­
nene11m1 M0li\llOCHI )\JIil pcnep11oro pac'leTa, 0TM0CHTeJ1b-
111,1e 0TKJ1011e111111 )lJlll pac•renm Mnr 
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T a 6 JI II Ll a 6. 

Materinl 

DI 1,4 

D2 0.3 

Ia! 0,0086 

Ia2 0,0650 

Isl2 0,0170 

Ifl 0,0017 

I/2 0,0310 

0,0043 

,U11yxrpy11110llblC K0IICTallTl,I /.IJIII Ja1.1a•111 I 

1,4 

0,3 

0,0092 

0,0810 

0 ,0160 

0,0021 

0,0450 

0,0054 

1,4 1,4 

0,3 0,3 

0,0100 0,0030 

0,1000 0,0500 

0,0150 0,0300 

0,0027 0 

0,0630 0 

0,0069 0 

0,1500 0 

TecTOaasi 3at1,a•1a 2. BB3P-1000. rpa­
Htt•rnoe yCJIOBHe - 3JJh6eJJ:O 0, 125. 

T a 6 JI n Ll a 7. napaMeT)Jbl JaAa•rn 2 
JIJIH pac'leT0ll Mnr 11 penep1wro pac'leTa 

napaMcTp <6F> <6F+l> I Pcnep 

K:,p 1,014721 1,014472 1,014407 

'5K:,p, pcm 31 

max dW, % 1,8 0,9 

P11c. 9. TecTOuasi 3a,11a4a 2. KapTorpaMMa, pacnpe,nene11nsi 
M0W.H0CTH J1JISI penep11oro pac•1eTa, 0TH0CHTeJJbHhle 0TKJJ0-
HeHn!I J1Jlll pac,1eToo Mnr 

T a 6 n n Ll a 8. )luyxrpynn0Bble K0IICT311Tbl J1Jl!I JaAa'I 2 11 3 

Material I 2 5 

DI 1,3832 1,38299 1,39522 1,39446 1,39506 

02 0,386277 0,389403 0,386225 0,387723 0,384492 

Ial 8,38590E-03 I, l 5550E-02 8, 94430E-03 I, I 9932E-02 9, 11 000E-03 

Ia2 6, 73049E-02 8, I 0328E-02 8, 4480 I E-02 9,89671E-02 8,93878E-02 

Is12 l ,64977E-02 l,47315E-02 1,562 I 9E-02 l,40185E-02 1,54981 E-02 

I/1 l ,86 l 39E-03 1,81560E-03 2,36371 E-03 2,31026E-03 2,50773£-03 

I/2 3,48 I 11 E-02 3,50622E-02 4,91322E-02 4, 95721 E-02 5,31856E-02 

vifl 4,8 l 6 I 9E-03 4,66953E-03 6,04889E-03 5,91507E-03 6,40256E-03 

v"'L/2 8,46154E-02 8,52264E-02 I, l 9428E-0 I I ,20497E-01 1,29281 E-01 

TecTOaasi 3atJ,a'la 3. BB3P-1000. fpam14ttoe yCJiosHe - aJJh6eJJ:o 0,5. 

T a 6 n n •~ a 9. TiapaMeTpb1 Ja,na•m 3 ru111 pac•1cToo Mnr 11 pcncpnoro pac•1cTa 

napaMeTp <6F> <6F+l > Penep 

K:.t> 1,006914 1,006507 1,006485 

t:5K
1

~ , pcm 43 

max dW, % 5,4 1,1 
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T a 6 JI H l\ a I 0. )],Byxrpynn0llblC K0IICTallTbl 
J\Jlll 3a11a4 4-7 

Material I 
DI 1,500 1,500 1,500 1,500 

02 0,400 0,400 0,400 0,400 

"I.al 0,010 0,010 0,010 0 

fo2 0,080 0,085 0,130 0,010 

"I.s12 0,020 0,020 0,020 0,040 

"I.fl 0 0 0 0 

"I.[2 0,056 0,056 0,056 0 

v"I./1 0 0 0 0 P~IC. 10. TccTomrn 3a11a•ia 3. KapTorpaMMa, pacnpe,llene-

v"I.[2 0,135 0,135 0,135 0 
HHS! M0U~H0CTH ,!IJIII penepHoro pac11eTa, 0TH0CHTCJlhHblC 

0TKJI0HCHHSI AJISI pac•1eT0B Mnr 

TecTonaR 3aAa'la 4. PWR. I'paHH'IHOe yCJionwe - aJib6e;:10 0, 125. 

111=20,0 CMI 2 I 
o,s,20 0,B209 
+l,51 -1,08 
+0,99 .o,s9 

3 2 J l 
0,5106 0,82U o,,oa, O,S919 

+1,&7 +l,77 +0)53 ·1,12 
+0)42 +t,15 ♦0,07 -G,3S 

P11c. 11. TeCT0DaSI 3a,ia•ia 4. KapT0rpaMMa, pacnpe,ieneHHSI M0l.l.\H0CTH ,!IJISI penepHoro paC'ICTa, 0TH0CHTCJlbHblC 
0TKJI0IICIII III ,1m1 paC'ICTOD MITr 

TecTonaR 3aAa'la 5. PWR. fpattHtrnoe yCJionwe - aJJb6eAo 0,5. 

3 
0,7382 

+l,42 
+0,43 

P11c. 12. TecTOnaSI 3a,ia•ia 5. KapTOrpaMMa, pacnpe,ieneHHSI M0l.l.\H0CTH ,IJISI penepHoro pac•1em, 0TH0CHTCJlbHble 
0TKJI0Hemrn ,IJISI pac•ICTOB Mnr 
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TecTonasi 3ana4a 6. PWR. fpattHlfHOe yc11os11e - aJib6e,1J,o 0,125. 

P11c. 13. TeCTOBaSI 3a11a•1a 6. KapTOrpaMMa , pacnpe11eJ1eH11S1 M0LI.\II0CTl1 AJlSI penepH0l'O pac•1eTa, 0TH0Cl1TeJlbllble 
0TKJ10lle1111ll AJlSI pac4eT0B MTir 

TecTosaH 3a,1J,a11a 7. PWR. fpatt111rnoe yCJ1os11e - a11h6e,1J,o 0,5. 

T a 6 J1 11 u. a 11 . TiapaMeTpb1 Ja11a'IH 4 /1Jlll 

pac4eT0B Mnr " penep11oro pac'leTa 

TiapaMeTp <6F> I <6F+I> I Penep 

K,._1> 0,991637 0,991405 0,991378 

<lK:,.p, pcm 26 

P11c. 14. TecTOBasi 3a11a•ia 7. KapTOrpaMMa, pacnpe11eneH11S1 

M0LI.\H0CTl1 AJlS! penep11oro pac4e·ra, 0TH0CflTeJlbHble 0TKJI0-
HeHl1SI AJIS! pac•1eT0B Mnr 

max dW, % I ,8 1,1 

34 

T a 6 J1 11 u. a 12. napaMeTpb1 3311a411 5 AJlll pac'leToB Mnr " penep11oro pac'leTa 

ITapaMeTp 

K:,;p 

<lK:,,.j,' pcm 

max dW, % 

<6F> 

0,978682 

61 

5,2 

<6F+I> 

0,978015 

-6 

1,2 

Penep 

0,978077 

T a 6 J1 11 u. a 13. rrapaMeTpb1 3311aq11 6 .[1,./111 pac<IeT0B Mrrr " penep11oro pac'leTa 

ITapaMeTp <6F> <6F+I> Penep 

K,¢, l,006790 1,006715 1,006630 

<lK,¢,, pcm 13 

max dW, % 1,2 1,2 

T a 6 JI 11 u. a 14. IlapaMeTpb1 33/13'1H 7 .[1../lll pac'leTou MIIr " penep11oro pac'leTa 

ITapaMeTp <6F> <6F+I> Penep 

K°"' 1,005737 1,005659 1,005507 

<lK:,,.j,' pcm 24 16 

max dW, % 1,3 1,2 



TecToBast 3aD,a'-la 8. BB3P-440. fpaH114Hoe yCJios11e - a11b6cJ:10 0, 125. 

114,7 CM I . 
u,o 

PHC. 15. TCCTOll(Hl 3U)la•ia 8. KapTorpaMMU, pacnpe)lenemrn MOll.l_HOCTH )l)lll penepHoro pac•1ern, OTIIOCHTCJlbHblC 

OTKJlOHCIHl!I )lJl!I paC'ICTOB MITr 

TecTosaSI 3a,!l.a'-la 9. HWR. fpam1~rnoe yCJios11e - HOJJb noToKa Ha sHeurneil rpamn.1.e 

PHC. 16. TeCTOBa!I 3a)la•m 9. KapTorpaMMa, pacnpe)lCJlCHH!I MOUlHOCTH )lJl!I penep,rnro paC4CTa, OTHOCHTCJlbHblC 

OTKJlOHCHH!I )lJl!l paC4CTOB MITr 
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Ta 6 JI ~• Lt a 15. napaMCTp1,1 JaJta'lH 8 JUlll pac•1cT011 Mnr 11 pcncpnoro pac•1ern 

llapaMCTp <6F> <6F+I > Pencp 

K:¥.1> 1,00994 1,00979 1,00970 

.3K"-I>' pcm 24 

max dW, % 0,6 0,4 

T a 6 JI ~• l.\ a 16. JJ.nyxrpynn0BblC K0IICTaHThl ,!Ulll JaJta'IH 8 

Material 

DI 1,3466 1,3377 1,3322 1,1953 1,4485 

02 0,37169 0,36918 0,36502 0,19313 0,25176 

fol 8,36200E-03 8, 79700E-03 9,46200E-03 1,33720E-02 9,22000E-04 

Iu2 6,42770E-02 7,93610E-02 I ,00I00E-01 1,34980£-02 3,28390E-02 

Is12 I ,68930E-02 I ,59120£-02 1,48880£-02 2, 22640E-02 3,22620E-02 

I/1 2,2l 676E-03 2,79212£-03 3,59068£-03 0 0 

Ifl 3, 94368E-02 5,65720£-02 8,00000E-02 0 0 

vI/1 4,44880E-03 5,53370E-03 7,03910E-03 

v'I.fl 7,37530£-02 I ,0581 0E-0 I 1,49540E-0I 0 0 

Ta 6 J1 11 •~ a 17. napaMCTpb1 JaJ\a•111 9 JUlll pac•1eT0B Mnr 11 pcnepnoro p3c•1cTa 

llapaMCTp <6F> <6F+I> Penep 

K:¥.1> 0,991965 0,99205 0,99205 

'5K"-I>, pcm 9 9 

max dW, % 0,3 0,3 

T a 6 JI 11 l.\ a 18. JJ.syxrpynr10BblC K0IICTallTbl ,!Ulll 33/\3'111 9 

M~te-1 4 
rial 

DI 1,38250 1,38255 1,37442 1,31198 1,38138 l ,30599 1,29193 1,06510 

02 0,89752 0,89749 0,88837 0,87991 0,90367 0,83725 0,81934 0,32283 

Ial 1,11058E- l,l 1746E- I ,06204E- I ,26879E- 1,05631£- l,17313E- 1,19l53E- 2,83462£-
02 02 02 02 02 02 02 02 

Ia2 2,23876E- 2,23876£- 1,69465£- 5,29009£- 2,19030E- 4,33304E- 3,00565E- 3,33489E-
02 02 02 04 02 03 04 02 

Isl2 8,16457E- 8,22378E- 8,088l6E- l,231 l5E- 7,76568E- 1,10975E- 1,15582E- 2,6l980E-
03 03 03 02 03 02 02 02 

I/1 9,30I I 3E- 9,15899£- 8,80841 E- 9,84814E-
04 04 04 0 04 0 0 

Ijl. 9,51810E- 9,36233E- 8,45594£- 1,09869£-
03 03 03 0 02 0 

vifl 2,26216E- 2,22750£- 2,14281 E- 2,39469£-
03 03 03 0 03 0 

vifl 2,30623£- 2,26849E- 2,04887E- 2,66211 E-
02 02 02 0 02 0 0 0 
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TECTOBbIE PACCJETbl TPEXMEPHblX CEOPOK 

J]jrn paClleTOB TpexMepHblX peaKTOpOB H3MH HCnOJJh30B3Hbl HeCKOJlbKO MOAHCtm.u,Hpo­

B3HHhle ypaBHeHH51 113 [ 10 I c ABYMSI tte113eecTHhIMH Ha SJ1.1ei1Ky, KOTOpb1e AOBOJihHO 3KO­

HOMH•IHbl B IlJI3HC Bhl 1IHCJieHHH H B TO )Ke epeMSI n03BOJISllOT HCnOJib30B3Tb HTepau:HOHHhie 

MeTO,!).bl' xopomo pa3pa6oTaHHhie AJISI TIOJIO)KHTeJihHO nonyonpe,!l.eJJeHHblX MaTpm~: 

A .L c$ + A11(a$) + £<$ + A_iC2 + A/fiQ) + f 1Q = 0; 
(3.1) 

rAe A .L, A 
11 

- AByMepHhIH 11 OAHOMepttbIH KOHe•rno-pa3HOCTHhie onepaTopbr JlaIIJiaca. Ta­

KHM o6pa30M, Mbl nOJIYlfHJIH CHCTeMy ypaeHeHHH, OAHOH3 KOTOpbIX HMeeT BH,!J.TpexMepttoro 

KOHe'-IHO-pa3HOCTHOro ypaBHemrn AHq>cpy3HH, a BTOpoe - OAHOMepHoro. flepeoe ypaBHeHHe 

pemaeTCSI o6hilfHbIM ,,nepau,HOHHblM cnoco6oM, BTOpoe - MeTOAOM nporoHKH. B nepBOM 

lf3CTb, 3aBHCSllil,aSI OT BCilOMOraTeJibHOH nepeMeHHOH Q, BBO,l:IHTCSl KaK nonpaBKa K Ce'-IeHHIO 

nornoru,eHHSl H BbJlf[,fCJISleTCSl llepe3 5-20 HTepau,HH (B ,1:13JlbHeHmeM 3TY npou,e,1:1ypy IIJia­

HHpyeTCSI COBMeCTHTb C nepec,1eTOM CelfeHHH no o6paTHbIM CBSl3SlM). J1cnOJih3YSI npHBe­

AeHHbie ypaBHemrn no nporpaMMe MITr-rEKC, npoBeJIH paclfeThI TpexMepHbIX peaKTopoB 

BB3P-440 H BB3P-1000. floApo6ttoe om,caHHe ycnoe1111 3a,1:1all npHBeAeHo B (8 ]. CKa)KeM 

Jll1lllh, lfTO T04HOe pemeHHe 6bIJIO noJJylleHO npH pac,,eTax C MaJibIMH maraMH KOHel!RO­

pa3HOCTHOH ceTKl1 H nocne,1:1y10w,ei1 3KCTpanOJISIU,HeH pe3yJihT3TOB paclfeTOB npH ycTpeM­

JJeHHH mara K HYJIIO. 

TECTOBbIM PACCJET TPEXMEPHOM CBOPKM BB3P-440 

Z, CM 
.-------,-f-o-pu_e_n_o_i1:_o_Tp_a)l(_a_T_em, __ (_6_) ___ __,_-+-0 

1--.---------~-.----'--'-----r--+--+-25 

1--'--"-----'-------'--..___------1---l---l--)50 
CTep::KHM CY3 ( 4) 

DOKOBOH OTpmKUTeJih (5) 

1--------------------'--+--275 
Topueeofl OTpa)l(aTCJib (6) 

1--------------------t--r300 

P11c. I 7. KapTOrpaMMa aKTHBHOH 30HbJ BB3P-440 i:vrn 3D-TeCTonoi:\ 3aAa411 
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Ta6n11u.al9. norpern11ocTH cpe,L111ero no KacceTe (e CJJoe) :meprOBbI.!ICJJCHHll, % 

HoMep HoMep CJlO!I 

KaCCeTbl 2 s 10 II 

2 -l,74 -0,24 0,40 0,97 1,32 1,39 1,44 1,50 1,42 0,39 

-1,75 -0,38 0,27 0,84 1,18 1,31 1,38 1,44 1,37 0,43 

s - 1,37 -0,85 -0,35 0,15 0,35 0,09 -0,04 -0 ,04 -0,13 -0 ,18 

-1,60 -0 ,59 0,01 0,56 0,84 0,77 0,73 0,77 0 ,67 0,16 

- 1,93 -0,40 0,21 0,80 1.15 1,23 1,29 I ,36 I ,29 0,23 

-1 ,54 -0,38 0,23 0,80 I , I 6 1,24 1,31 1,36 1,29 0,58 

10 -1 ,21 - 1,21 -0,90 -0,45 -0,33 -0,87 - 1,12 - 1,14 - 1,20 -0,87 

II -1 ,07 -0,87 -0,48 -0,01 0,17 -0,28 -0,47 -0,48 -0,58 -0,37 

12 -1,17 -0,71 -0,20 0,31 0,58 0,30 0,21 0,21 0 ,07 0,02 

13 -1,46 -0,40 0,19 0,77 I, 13 1,06 1,06 1,11 0,97 0,35 

14 - 1,90 -0,47 0,12 0,73 1,14 1,22 1,30 1,36 1,29 0,28 

16 - 1,62 -1,39 -1,12 -0,74 -0 ,75 - 1,34 -I ,63 - 1,67 -1,69 -1,SS 

17 -1,24 -1 ,15 -0,89 -0,48 -0,40 -0,98 -1,24 -1 ,27 -1,35 -1, 13 

18 - I ,OS -0,96 -0,70 -0,38 -0,07 -0 ,SS -0,71 -0,78 -0,90 -0,73 

19 -1,03 -0,74 -0,41 -0,09 0,36 -0,08 -0,17 -0 ,26 -0,42 -0,41 

20 -1 ,40 -0,68 -0,24 0,24 0,74 0,51 0,50 0,49 0,31 -0,02, 

21 -1 ,90 -0,46 0,06 0,69 1,17 1,16 1,23 1,29 1, 17 0,14 

22 - 1,75 -0,34 0,24 0,88 1,35 1,45 1,54 l ,62 1,52 0,49 

24 -1 ,49 -1 ,34 -1,16 -0,97 -0,84 -1 ,63 -1,92 -2,04 -2,12 -1,96 

25 -1,57 -1,36 -1 ,10 -0,73 -0 ,75 -1,39 - 1,70 -1 ,74 -1,79 -l ,69 

26 -1,64 - 1,36 -I , 13 -0,74 -0,68 -1,28 - 1,54 -1,57 -1,61 -I,SS 

27 -1 , 10 - 1,02 -0,83 -0,60 -0,25 -0,83 -0,99 - 1,10 - 1,22 -1 , 11 

28 -0,70 -0,79 -0 ,57 -0,72 -0,41 0,07 -0,08 -0 ,49 -0,66 -0,68 

29 -0 ,63 -0,47 -0,08 -0,07 0,32 0,74 0,62 0,27 0,04 -0,10 

30 - 1,23 -0,24 0,24 0,72 I ,35 1,14 I , 17 1,15 0 ,92 0,26 

31 - 1,96 -0,29 0,24 0,89 1,46 1,52 1,64 1,71 1,58 0,29 

32 -1,50 -0,38 0,20 0,85 1,33 1,40 1,49 1,57 1,43 0,69 

34 0 0 0 -0,98 - 1,42 -2,41 -2,45 -2,13 

35 -1,00 -1,21 -1 ,03 - 1,23 -1,26 -1 ,34 -1,69 -2,07 -2,20 -1,98 

36 -1,70 -I,SO -1,30 -1 ,04 -0,94 -1,62 - 1,90 -1,98 2,05 - 1,97 

37 -1,68 - 1,42 -1 , 17 -0,81 -0,78 -1,38 -1,66 -1,69 -1 ,72 - 1,69 

38 -1,35 -1,19 -0,97 -0,66 -0,41 -0,98 -1,16 -1,23 -1,32 - 1,25 

39 -0,67 -0,85 -0,65 -0,84 -0,SS -0,10 -0,27 -0,67 -0,86 -0,82 

40 0 0 0 0 0,98 0,77 -0,23 -0,35 -0,51 

41 -0,94 -0,46 -0,01 0,06 0,50 0,96 0,89 0,56 0,31 -0 ,05 

42 -1,81 -0,43 0,04 0,59 1,25 1,23 1,34 1,36 1,18 0,15 

43 -1,74 -0,25 0,33 1,00 1,54 1,64 1,76 1,86 1,69 o,ss 

T a 6 n 11 u. a 20. napaMeTpbl .!I.JUI pac•1eToe Mnr " penep11oro pac•1ern .!IJlll D-3a.L1a'l11 BB3P-440 

Pac•1eT K ::r.J, <5K,tj,,pcm maxdW, % maxdw •• % max dW,, % 
Pencp 1,01132 

<6F+I > 1,01185 53 -2,45 - 1,47 -1 ,81 
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Ta 6 JI H u. a 21. J>acnpe11CJICIIHC 011m60K cpewIcro no CJIOIO :mcprOBblJICJlelIHll !IJIII 3D-311):\ll'IH BB3P-440 

I-loMep cJ1O5I I 

dW,, % -1,47 -0,72 -0,30 0,13 0,43 0,22 

TecTORblH pacl.!eT TpexMepHoi1 c6opK11 BB3P-1000 

23,6 CM 

Tlfll 1.:acceTbl 
31Ie.proBW,!leJicrn1e , BCpXJlll• nononmIa (IlCT) 
:meprOBbl/lCJ!e HHe , IIJ1)1(]-lll~ flOJIOBHJl3 (HIT) 
OWH6Ka 3 HeprOBJ,1,!lCJlelfl1.>I, IJ[1, % 
ourn6Ka 3 HeproBhI)leJJClll1ll , HIT, % 

BblCOTa c6opKH 200 CM 
PaJJ.Han1,Hoe an1,6e.n:o 0,125 
AKCHaJibllOC anb6CJIO o, 150 

CTepJKeHb CY3 (4) norpy)l(eH 
e JOHY Ha 100 CM 

0,590S 
I 2877 

1,4 
l,l 

IO 11 

0,11 -0,12 -0,47 

Pl·IC. 18. KapTOrpaMMa aKTHBHOH 3OHhl BB3P-l 000 llJl51 3D-TeCTOBO~I 3UJ:1a•111, pacnpe):ICJleHHII cpe):IHero no KacceTe 
:mepronhI,1enem-111 J:IJISI penep11oro pac,,ern .,. owH6KH wrn pac•IeTOB MTir 

T a 6 JI H u. a 22 . napaMCTpbl 3D-33/13'1H BB3P-l000 !IJIII paC'ICTOB Mnr H penepuoro paC'ICTa 

Pac,,eT 

Penep 

<6F+l> 

1,01135 

1,01181 

maxdW, % 

45 2,4 

3D-3a,[\al.!a AJTSI BB3P-44O 3TO 113secTHh1ii TecT 3eiiAem, [ 11 ]. 3AeCb paccMaTp1rnaeTcsi 

HeO,!:\HOPOAHaSI no BblCOTe c6opKa BB3P-44O C HanoJIOBHHY nO,[\HSITblMH CTep:>I<HSIMH (BbI­

,[\eJieHHbie KacceTbI Ha pHC. 17). Jl,ByxrpynnOBbie KOHCTaHTbl ,[\JI.II 3TOro TeCTa npHBe,!:\eHbl 

B Ta6JI. 1 7. Ilpw pactieTe 3OHbI Mb! HCCTOJlb3OBaJIH mar KOHelIHO-p33HOCTHOH CeTKH no BbICOTe 

Hz= 25 CM (12 CJIOeB no BbICOTe). 

3D-3aAatJa AJISI BB3P-1OOO npwBeAetta B [8 ]. 3AeCb paccMaTp1-1BaeTc.11 c6opKa peaKTopa 

BB3P-1OOO BbICOTOH 200 CM. Jl,syxrpynnOBble KOHCTaHTbl ,[\JISI 3TOro TecTa npHBe,[\eHbI B 

Ta6JI. 7. IlpH paclJeTe 3OHbl Mbl HCTTOJTb3OB3JII1 war KOHelJHO-pa3HOCTHOH CeTKH no BbICOTe 

Hz= 16,6667 CM (12 CJIOeB no BbICOTe). 
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3AKJII-04EHJ1E 

B /J;3HHOl1 pa6oTC om1caH aJ1rop11TM MCTo.na nosepxHOCTHblX rapMOH11K, 11cnOJ1b3YCMbll1 

!l,Jl51 paCL[CTa pcaKTOpOB, COCT051J.Ul1X 113 rCKCarottaJlbHblX KaCCCT. npe,ncTaBJTCHbl TeCTOBbIC 

paCl!CTbl !J.BYMCpHblX 11 TpCXMepHhlX c6opoK pa3JTl14HblX Tl1nOB. IToKa3aHO, l[TO 6011ee !l,C­

T3JlhHbll1 Y4CT 3aB11Cl1MOCTl1 nOTOKa Ha BHCWH11X rpaH11u,ax c6opoK MO)KCT np11B0!1,11Tb K 

3Halll1TCJlhHblM, AO 5% B KacceTHOM :rneprOBbl!l,CJTCHl111, YT04HCHH51M np11 pac4eTe MaTe­

MaTl1l[CCK11X TCCTOB. YT0l[HCHl1C tta1160J1Ce 33MCTHO !l,Jl51 c6opoK 6e3 OTpa)KaTCJI51. O,n:HaKO 

npC!1,CTaBJl51CTC51, L[TO np11 pac,1eTC pcaJibHblX o6bCKTOB 11cnoJI1,3083Hl1C np116JTJ1)KCHH51 

<6F+I> 113Jll1WHC J,f !1,0CT3T0l[HO np116JTH)KCHl151 <6F> MCTO!l,a nosepxHOCTHhIX rapMOHJ,!K. 

CpaBHl1TeJlbHblC pC3YJTbT3Tbl TCCTOBblX pac 11CTOB no pa3Jil14HblM nporpaMMaM npHBC,[ICHbl 

B Ta6JT. 23. 

Ta 6 JI H l( a 23. Pc3yJll,TaTbl paC'ICTa TCCT0BblX 3aJJ,a'I no pa3JTH'lllh1M nporpaMMaM, 
oK._p (pcm(/max oW 1%) 

TccT Mnr-rEKC fiHnP-8 1121 AC-HM 

(2D-BB'.JP-1000) 3/0,1 

(2D-BB'.JP-1000) 7/0,9 5/0,3 16/0,7 

(2D-BB3P- I 000) 2/1, I 4/0,7 7/0,7 

(2D-PWR) 3/1, I 15/0,5 6/0,5 

(2D-PWR) -6/1 ,2 14/0,7 -7 /0,8 

(2D-PWR) 8/1,2 7/0,5 

(2D-PWR) 16/1,2 -2/0,7 

(2D-Illl3P-440) 9/0,4 6/0,8 37 /0,8 

(2D-!IWR) 9/0,3 5/0,2 

10 (3D-BB'.JP-440) 53/-2,5 29/1,9 25/1 ,3 

11 (3D-138'.)P- I 000) 45/2,4 5/0,5 13/0,9 

3aMeT11M, 4TO KOA EJ.1IT P-8 112] octtosatt Ha aJ1rop11TMC, KOTOpb111 pa3a11aaJICSI rro.n: 

BJIH51HtteM pa6oT no MITr 11 11cnOJ1b3yeT AJI51 CTau.11ottaptt1,1x 3aAa4 6J1113K1111 K noCJieAHeMy 

nO!l,XO!J.. O,nttaKO B :)TOM KOAC B HaCT051J.UCC BpCMSI peaJTl130B3H TOJlbKO aap11aHT, f!J.C KacceTbl 

ClHIT3IOTC51 roMoreHHblM11, paCllCT BbinOJIH51CTC51 B ,n:ayxrpynnOBOM np116JI11)KeHHl1 fl B Ka)K­

,n:011 KacceTe 12 npo6HblX Q)YHKl.1,1111. ITOCJIC!l,HCC 33MCTHO 3aMC!l,Jl51CT paC4CT. 

ITo pe3yJThTaTaM perneHl151 TCCTOBhlX 33!1,alf MO)KHO C!l,eJiaTb BblBO,n:, lJTO 11CTIOJJh30B3Hl1C 

np116JTH)KCHH51 <6F> MCTo,na nosepxHOCTHhIX rapMOHl1K o6ccne,rnsaeT TOlJHOCTb nopSI,n:Ka 

10 pcm B K3cjJ J,f 1-2% B KaCCCTHOM :)HeprOBbl,[ICJICHHl1. 

TpexMCpHblC pac,1eTbl B0.D.O-BO!J.51HblX pcaKTOpOB C reKcarottaJlbHOH peweTKOH, BbinOJI­

HCHHblC no MCTOAY nosepxHOCTHblX rapMOHHK, noKa3aJI11, 'ITO rrp11 11CnOJJh30B3Hl1H WCCTH 

npo6ttb1X Q)YHKu,1111 a nJTaHe 11 JlBYX, annpoKCHM11pyt0m11x aKcwaJJhHYJO pacTe4KY, 1taCTh 

paC4CTHOl1 rrorpCWHOCTl1, o6ycJJOBJICHHa51 KOHCllHblM waroM paC4CTHOl1 CCTKl1, COCTaBJISICT 

nopSI!l,Ka 50 pcm B K3cjJ 11 2-2,5% B KaCCCTHOM ::JHeproBbl!l,CJICHRl1. 

Bb1pa)KaeM 6JiaroAapttoCTh A.H. Hos11Kosy fl A.A. CyCJioay 3a npe,n:ocTaBJICHHb1e pe-

3y111,TaT1,1 pac,1eTOB no nporpaMMe EMITP-8. 

Cnl'1COK JJl.1TEPATYPbl 

1. JlaJTCTHII H.H. nepcnCKTHllhl >1,1Cp11oii :lllep1-CTl1KM Pocc11H. Ko11ocpc11S1 0 MUlUHII0CTpoe11m1, 1997' Obin. 6, 
c. 33. 

2. JlaJJCTHII H.H., EJlhWHII A.B. Il1,11JOA K011e•1110-pa3110cn11,1x ypaoHCIIH.:"i reTepore1111oro pcaKT0pa. LI. I. Koa,1-
parna>1 PCUICTKa 6JIOK01l: flpenpu11T HA'.)-3280/5. - M., 1980. 
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4. Jlanernu H.11. 0 HeKOTOpblX npo6neMaX ll,llepHOH :'!HeprernKl1, aHaJJl13 He»Tpom10-q>11311'1eCKOl'O HHCTpy­
MeHTap11ll. - BAHT. Cep. <l>113HKa 11 TeXHHKa ll,llepHblX peaKTOpOB, 1994. 

5. Laletin N.l., Kovalishin A.A. The influence of the higher surface hannonics in the surface harmonics method 
by calculation RBMK and VVER lattices - In: Proc. Inter. Conf. PHYSOR-96, VI, A-249 (Milo, Japan, 
1996). 

6. JlaJJeTHH H.11., KOBa.JIHWHH A.A. ,l],ByMepHble TeCTOBbte pac'leTbl peaKTOpOB PEMK MeTO,IIOM nosepXHOCTHblX 

rapMOHHK no nporpaMMe 11fIPA3: OT,1eT PHU Kl1 N2 36/-315-98. - M., 1998. 
7. ropO,IIKOB c.c. TeCTOBble 3a,11a'IH ,ll)Jll ,IIByxrpynnOBblX ,IIByMepHblX OO'beKTOB. OT'leT J1SIP, N2 36.6-246-91, 

M., 1991. 
8. Chao Y.A., Shatilla Y.A. Conformal mapping and hexagonal nodal methods-2: implementation in the ANC-H 

code. - NSE, 1995, vol. 121, p. 210. 
9. Map'l)'K r.H., Jie6e,11en B.11. l.JHCJJeHHble MeTO,llbl n Teop1m nepeHoca He»TpOHOB. - M., 1985. 

10. Laletin N.l., Poveshenko T.S., Kovalishin A.A. Algoritm and code for the axial Characteristics used in the 

surface harmonics method: - In: Proc. Inter. Cont PHYSOR-96, V2, A-357 (Milo, Japan, J996). 
11. Seidel F., Mai W., Wochenfuss H., Grundmann U. 20 and 30 diffusion calculations for VVER-440 core 

model. - In: Proc. 13th Symp. on Physics of VVER (Curtea de Agres, Romania, Oct. I 984. 
12. Liwrkin M.P., Semenov V.N., Ionov V.S., Lebedev V.I. Time dependent spatial neutron kinetic algorithm 

for BIPR8 and verification. - In: Proc. 2nd Symp. of AER (Paks, Hungaria, 1992). 

CTaTbSI nocrynHJJa s pe,11aKL1HIO 23 HIOJJSI 1999 r. 

BonpOCbl aTOMHOH HayK11 H TeXHHKH. 

Cep. <l>11311Ka 51,llepHblX peaKTOpOB, 2000, Bblll. I, c. 23-41 

BJH:UIHME IIPOME)K.YTO"CJHOM PA,[(MOXMMMqECKOM 
IIEPEPABOTKM YPAHOBOrO MJIM TOPMEBOro TOIIJIMBA 

HA IIPO,[(OJI)K.MTEJihHOCTb KAMIIAHMM PEAKTOPA 
A.C. I'epacuMoa, I'.B. KuceJLea, JI.A. MbLPU,bLMoaa 

I'HI..( P</J HT3</J, 117259, Moc,caa 

ITpone,11eHbl pac<ieTbl BJJHSIHHSI npoMe>KyTO'IHOH XHMH'leCKOH nepepa60TKH T0IIJIHBa H3 np11po,11uoro H CJJa-
6oo6oralJ_\eHHOro ypaHa 11JIH T0p11S1 C y,11aJJeH11eM np0JIYKTOB ,11eJJeHl1SI Ha np0,110JJ>K11TCJlbHOCTb KaMnaH11H 11 Bbll'O­
paH11e B peaKTOpe CANOU. 3a C'!eT nOBblWeHl1SI o6oralJ_\eHl1SI ypaHa C 0,714 ,110 I% 6e3 npoMe>KyTO'IHblX nepe­
pa6oTOK Bbll'Opa1rne yneJJ11t111naeTCSI B 1,5 pa3a . 3a c•1eT npoMe>KyTO'IHOH 0'1HCTKl1 ypaH0B0ro 11)111 TOp11enoro 
TOIIJJHBa OT npo,11yKTOB ,11eneHHSI Bblropau11e nOBblWaeTCSI np11MepHO Ha 20 % . 

INFLUENCE OF INTERMEDIATE RADIOCHEMICAL PROCESSING OF URANIUM OR THORIUM 
FUEL ON FUEL CYCLE DURATION. A.S. GERASIMOV, G.V.KISELEV, L.A. MYRTSYMOVA. The influence 
of intermediate chemical processing of nuclear fuel with removal of fission products on fuel burnup and lifetime in 
CANDU reactor is studied. Natural uranium and slowly enriched uranium and thorium fuel are considered. At the 
expense of ranium enrichment increase from 0.714% to I% without intermediate processing, fuel burnup and 
lifetime are increased 1.5 times. At the expense of intermediate enrichment of uranium or thorium fuel, burnup 
and lifetime are increased 20% . 

BBE,ll,EHHE 

O.lU{OH H3 B03MO:>KHOCTe:e: yseJrH\JeHHSI KaMnaHHH 3Hepreru\JeCKIDC peaKT0p0B SIBJISieTCSI 

rrepeXOA Ha T0ilJIHB0 C II0BbllIIeHHblM o6oram;eHHeM. B Ka'leCTBe APYI"OH B03M0)KH0CTH M0)KH0 

pacCM0TpeTb rrpoMeX<yT01rny10 rrepepa60TKY T0DJIHBa, npu K0T0p0H YAaJHIIOTCSI HaK0IIHB­

muecSI IIP0AYKTbl AeJiemrn, a T0IIJIHBHble ttyKJIHAbl B03Bpam;aIOTCSI Ha AaJibHeft:mee o6ny-

11eHHe. 
Ll:JISI 6yAym;eft: aTOMHOH 3HepreTHKH HapSIAY C ypaH0BblM M0)J(eT 6b1Tb BeCbMa 11ep-

cneKTHBHblM SIAepHhlH TODJIHBHblH U.HKJI Ha 6a3e 232Th - 233U. TopueshlH T0IIJIHBHhlH a,uKJI 

HMeeT cym;ecTBeHHhie 11peuMym;eCTBa rrepeA TpaAHI(H0HHbIM ypaH-DJIYT0HHeBblM U.HKJI0M. 

B HeM o6pa3yeTCSI 3Hal!HTeJibH0 MeHbme TpaHcypaH0BblX A0Jiro)J(HBYID;HX PaAlIOaKTHBHblX 
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OTXOAOB (XOTSI 3Ha 1rnTeJlhHO 60JJhllle BpeAH0ro 
233U). ITp11 pa6oTe peaKT0pa B TOpHeBOM 

U,11KJJe npoMe)KyT04HaSl 0411CTKa TOp11eBoro T0ITJIJ1Ba OT HaKOITl1Bllll1XCSl ITP0AYKT0B AeJJemrn 

TaK)Ke MOrJJa 6bI cnoco6CTBOBaTh npOJI.JJemuo KaMnaHHH 11 TeM caMh!M CHH3HTh ITOTpe6HOCTh 

B cneu,HaJihHO Hapa6aThIBaeMOM 
233u. 

B CTaThe rrp11BeJl,eHbl pe3yJihTaThl pac4eTH0ro HCCJJeAOBamrn BJIHSIHHSI npoMe)KyTOlJH0H 

XHMH4eCKOH rrepepa60TKl1 SlJI.epttoro TOITJIHBa C YJI.aJieHHeM npOJI.YKT0B JI,eJiemrn Ha npo­

Jl.0Jl)Kl1TeJJbHOCTb KaMnamrn 11 BbrropaHHe T0ITJIHBa B peaKT0pe. B Ka4eCTBe rrpHMepa pac­

CMOTpeH peaKTop CANDU. ITp11 ero pa6oTe Ha np11pOJI.HOM ypatte Bh1ropatt11e TOITJIHBa H 

npOJI.0Jl)Kl1TeJihHOCTb KaMnaHl111 HeBeJIHKl1, ITOCK0JlhKY pa3MHO)KalOilJ,He CBOHCTBa rrpH BbI­

ropaHHH 6hJCTpo CHH)KalOTCSl. PacCMOTpetto ypaHOBOe TOITJIHBO H3 npHpOJI.H0ro H CJia6o­

o6oralll,eHHOro ypaHa (c 06oralll,ett11CM AO 1,4%) 11 Top11eBoe TOITJIHBO Ha 6a3e 

232Th-233U. 

PACqETHA51 MO.D:EJib 

KottCTPYKU.HSl peaKTopa rroApo6tto omrcatta B [ 1 ]. B aKTHBHOH Jotte HaXOJI.SlTCSl 380 

TBC, Ka)KAasr coAep)K11T 37 npyTKOBhrx TB3JJOB 113 ypatta B u,11pKOHHeBoii 0601104Ke, 

OKpy)KeHHbIX U,HpKOHHeBhIMH Tpy6aMH. Tsr)KeJJasr BOAa 11CITOJlh3yeTCSl B Ka4eCTBe TeITJIO­

HOCl1TeJJSl 11 JaMeAJ111TeJisr . TBC pacnoJIO)KeHhI e KBaApaTHOH pemeTKe c maroM 23,5 CM. 

BbICOTa aKTl1BHOH 30Hbl 594 CM, 3arpy3Ka TIPHPOAHOro ypaHa B peaKTOp 114 T. 

Tip11 pactJeTax npHHHMaJJOCb, lfTO pa3MHO)Kal0lll,He CBOHCTBa peaKTOpa MOryT 6bITb rrpH-

6JJH)KeHHO orr11caHhI K03cpqmu,11eHTOM pa3MHO)KeHHSl B 3JieMeHTapHOH Sll.feHKe CJieJl,yJOIQHM 

o6pa30M. Do Mepe BhiropaHHSl TOITJIHBa MeHSleTCSl K03cpcp11u,HeHT pa3MHO)KeHHSl 3JieMeH­

TapHOH Sl4eHKH. PeaKTOp pa6oTaeT B pe)K11Me HerrpepblBHhlX rreperpy30K, B HeM B Ka)Kj\bIH 

MOMeHT HMelOTCSI TBC C pa3JJl1lfHblM BhiropaHHeM (OT CBe)Kero TOITJIHBa Jl.O MaKCHMaJibHO 

Bbrropeernero). Tieperpy3KH TBC ocym;ecTBJISIJOTcsi Ha XOJI.Y, ae3ae11c11Mo B pa3HblX Katta­

JJax, no JI.OCTH)KeHHH MaKCHMaJihHOro BblropaHHSl. '.:ho n03BOJISleT rrpHHSITb B Kal.[CCTBC rrpH-

6JIH)KeHHOro K03cpcpHU,HeHTa pa3MHO)KeHJrn B peaKTOpe BeJilll{HHY ycpeJI.HeHHoro no KaM­

naHHH K03cpcp11u,11eHTa pa3MHO)KCHHSI B 3JieMeHTapHOH Sll.[eHKC <K> C norrpaBKOH Ha yTe'-IKY 

HCHTpOHOB 113 peaKTOpa. TaKoe np116JIH)KCHHe SIBJJSleTCSl BilOJIHC onpaBJl,aHHhIM JI.JISI cpaB­

HHTeJibHblX paCl.fCTOB 3cpcpeKTa npOMC)KYTOl.fHOH Ol.J:HCTKH SlJI.CPHOro TOITJIHBa. 

ITp11 paclfeTax npOJI.0JI)Kl1TeJibHOCTH KaMnaHHH C4HTaJIOCb, lJTO yTel.[Ka HeiiTpOHOB co­

CTaBJJSleT 1 % H npHHHMaJIOCb <K> = 1,01. 

B peaKTOpe, pa6oTalOII.J,CM B pC)Kl1MC HerrpepbIBHblX neperpy30K np11 ITOCTOSIHHOH o6m;ew 

MOIQHOCTH, ITJIOTHOCTb ITOTOKa HeiiTpOHOB OlJCHb CJJa6o MCHSICTCSI BO speMeHH. ITpH 3TOM 

tteo6xOJI.11MO 11.MeTb B BHJI.Y, 4TO MOlll;HOCTb, CHHMaeMasr C OJI.HOH TBC, MCHSICTCSI BO BpCMCHH 

3a ct1eT H3MeHettnsr KOJI114eCTBa JI.eJisrlll,11xcsr SIJI.CP H MOlll,HOCTH TBC c pa3HhIM Bb1ropatt11eM 

MOryT 3aMCTHO pa3JIH4aTbCSl. PaClfCTbI BhiropaHHSl TOITJIHBa 11 npeBpam;emrn 1130TOITOB npo­

BOJI.HJil1Cb np11 IlOCTOSIHHOl1 ITJIOTHOCTl1 IlOTOKa HCHTpDHOB. 

TOIImrno M3 IIPMPO,n:Horo MJIM CJIA600BOr Am:EHHOro yp AHA 

Pac'-leTbI CKOpOCTeH peaKU,HH H K03cpcpHI1,HCHTa pa3MHO)KeHJrn: B 3JICMeHTapHOH Sl'-ICHKC 

npoBOJI.HJIHCh no nporpaMMe TRI FON (2 ]. TipyTKosasr TBC npeJI.CTaBJisr11ach B BHJI.e 

4-KOJihIJ,CBOH KOaKcttaJibHOH TBC c coxpatteHHCM o6beMOB scex KOHCTPYKIJ,HOHHbIX MaTe­

pHaJIOB 11 TOITJIHBHOH 3arpy3K11. PaccMaTpHBaJIHCb o6oram;eHHSl ypaHa OT 0,714 AO 1,4%. 

LJ,1151 scex 06oraII.J,ett1111 KOJU14eCTBO ypatta B cse)Keii TBC npHHJ1Ma11ocb o;i:r:HHM H TeM )KC, 

a KOJIH4eCTBO 
235u COOTBeTCTBOBaJIO 06orall],CHHJO. Il,JISI TOITJIHBa 113 np11po;i:r:ttoro ypatta 

ITJIOTHOCTb ITOTOKa TCITJIOBblX HCHTpOHOB <I>= 5· 1013 HCHTp./(cM2 ·c). ,n:11sr o6oralIJ,eHHOro 

TOilJIJ1Ba ITJIOTHOCTb IlOTOKa BbI611paJ1aCb TaK, 1-IT06bI MOIQHOCTb CBC)KCH TBC 6b1Jla TaKOH 
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)Ke, K3K B BapHaHTax C np11p0,!1.HhIM ypaHOM. TI pH pac4eTe KHHeTHKH npeBpameHHSI HYKJIH,!1.0B 

Y4HTbIB3JIOCb o6pa30B3HHe H30TOTIOB ypatta, HenTyHHSI, IlJIYTOHHSI, aMepHI.1,HSI H KJOpHSI 

BilJIOTb ,!1.0 244Cm. 

B ypaHOBOM TOilJIHBe npOHCXO,!I.HT o6pa30BaHHe 
239Pu, KOTopbtii npH pa6oTe peaKTOpa 

CANDU Ha np11po,!I.HOM HJIH CJia6oo6ora~eHHOM ypatte y)Ke B HallaJihHOM nepHO,!I.e BHOCHT 

cyIIJeCTBeHHbIH BKJI3,!I. B peaKTHBHOCTb. Ha pHC. 1 npe,!I.CTaBJieHbI 33B11CHMOCTH K03ct>ct>11u,H­

eHTa pa3MHQ)KeHHSI K3<P B 3JieMeHTapHOH SI'leHKe OT apeMeHH o6JiylleHl1SI T npH HallaJibHOM 

o6oraIIJem,rn ypaHa COT 0,714 ,!I.O 1,4%. ,,. 
TiorJIOII1,eH11e HeHTpOHOB npO,!I.YKTaMH ,!I.e- l,J -------+---+---+---+---+---! 

JieHHSI YllHTbIB3JIOCb nocpe,!I.CTBOM <<3ct>­

ct>eKTHBHOI'O OCKOJIKa>> (3 ]. JJ:onoJIHHTeJib-

HO Y4HTbIBaJioch oTpaBJieHHe 
135

Xe, 

105Rb 11 IlOI'JIOIIl,eHHe HeHTpOHOB 149Sm 
H 151 Sm. o,9 +--+--+--...P.""==::~~"+-=-+--+--4 

B Ta6JI. 1 npe,!I.CTaBJieHbl rrpO,!I.OJl)KH- 0,8 +--.--+-~+--.--+--.-+-~+-~-+--.--+-~--l 
TeJibHOCTb KaMnaHHH T K H BbiropaHHe, HC- O 

llHCJISieMoe KOJIHl.feCTBOM o6pa30B3BIDHXCSI 

rrpo,!I.yKTOB ,!I.eJJeHIU[ (TIJJ:) B 1 T TOIIJIHBa. 

OHH cooTBeTCTBYJOT <K> = 1,01. 

-+-0,714%-)%_._l ,2¾-1,4o/o T, rQ,Ubl 

PHC. I. 3aBHCHMOCTb K03<P<PHl.lHeHTa pa3MHO)l(eHH!I K"'P 

OT npeMeHH o6nytJeHHSI 

T a 6 JI H I.( a I. npo,!\OJJ>KHTeJlbHOCTb KaMnaHHH " BblrOpairne 6e3 npoMell<)'TO'lllOH O'IHCTKH 

MS! pa3HblX ll3'13JlbHbIX 06oraU1e1mii ypana 

C, % 

Il,U, Kr/T 

0,714 

2,0 

11,4 

1,0 

2,8 

17,4 

1,2 

5,4 

20,8 

1,4 

6,7 

23,4 

Ha pHC. 2 rrpe,!I.CTaBJieHhI 3aBHCHMOCTH K03ct>ct>nu:HeHTa pa3MHO)KeHHSI B 3JieMeHTapHOH 

SI'leHKe OT BpeMeHH npH npoMe)KyT04HbIX rrepepa60TK3X TOIIJIHBa C 04HCTKOH OT HaKOIIHB­

IIIHXCSI npO,!I.YKTOB ,!I.eJieHH51 ,!I.Jl51 TOilJIHBa 

113 npHpO,!I.HOI'O ypaHa. TipoMe)KyT04Hbie 

nepepa60TKH npoBO,!I.HJIHCb B MOMeHTbl I.OS 

BpeMeHH Tn = 0,8, 1,2, 1,6 I'O,!I.a. 3Halle- 1 +--+--+", ....... ---------+---'---1 

H H JO T n = 0 COOTBeTCTB yeT pe)KHM 6e3 ~ 0,95 +---t--+--+---.::-~....,..,,d--+---+--~ 

npoMe)KyTO'!HOH OlfHCTKH. AttaJIOrH'!Hble :.0:: 0,9 +--+--+--+--+-+.;:::..,,!j;:;~-d::::c---1 
33BHCHMOCTH HMeJOTC51,!I.Jl51 TOIIJIHBa C 060-

raIIJeHHeM 1 % . LI:JI51 3Toro 06oraIIJeHHS1 °·85 

npoMe)KyTOlJHbie nepepa60TKH npOBO,!I.H- 0,8 +--+--+--+---+---+---+---+---I 

JIHCb TaK)Ke npH T n = 2 H 2,4 I'O,!I.a. 3TH 
O o,s 1

•
5 2

•
5 ~~ rO)ILI 

4 

,!l.3HHble Il03BOJISIJOT OU,eHHTb rrpO,!I.OJI)KH- -+-Tn =O -+-Tn =0,8 ro)J.3 _..,__Tn =l,2 ro)la ....-r.=l,6 ro)la 

TeJibHOCTb K3MIIaHHH, COOTBeTC'I'BYJOIIJYJO P11c. 2. 3aBHCHMOCTb K03cpcpHl_lHeHTa pa3MHO)Ke!IHII K"'P 

cpe,!I.HeMy no KaMnaHHH 3HalleHHJO K03ct>- OT epeMeHH 06ny<1em111 C npoMe)KyTO'IHblMH nepepa60T-

ct>m.1,IJeHTa pa3MHO)KeHHSI <K> = 1,01. K3MH 

J,fa ,!I.3HHblX Ta6JI. 2 BH,!I.HO, '!TO npO,!I.OJI)KHTeJibHOCTb KaMrraHHH H BblropanHe B pe)KHMax 

6e3 rrpoMe)KyTO'!HOH nepepa6oTKH cym,ecTBeHHblM o6pa30M 3aBHC51T OT o6oram,eHHSI TOII­

JIHBa. Tip11 rrepexo,!I.e OT rrpHpO,!I.HOI'O ypaHa K o6oraIIJeHHJO 1 % K3MII3HH51 YBeJIH'!HBaeTCSI 

B 1,95 pa3a (rrpHt[eM B 1,4 pa3a 33 CtteT yMeHbIIleHJ,151 IIJIOTHOCTH IlOTOKa, Heo6xO,!I.HMOI'O 

,!I.JI51 coxpatteHHSI TenJioCbeMa co cae)Kevr TBC), a Bb1ropatt11e ao3pacTaeT a 1,5 pa3a. TipH 

nepexo,!I.e OT npHpO,!I.HOro ypatta K o6oram,eHHJO 1,4 % KaMnaHH51 yaeJIHl!HBaeTCSI B 3,3 pa3a, 

a BbiropaHHe B03pacTaeT B 2 pa3a. B pe)KHMax C npoMe)KyTOl!HOH nepepa60TKOH BbIHI'pblill 

B rrpO,!I.OJl)KHTeJibHOCTH KaMnaHHH HeBeJIHK. MaKCHM3JlhH3SI npO,!I.OJl)KHTeJihHOCTb KaMnaHHH 
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AJJ.SI npHpOAHOT'O ypaHa 2,52 rOAa COOTBCTCTByeT nepepa60TKe \.Jepe3 T n = 0,8 f'O,!J.a noCJie 

Ha'-laJia K3MTT3HHH H BblT'Opa m110 13,8 Kr/T. KaMnaHH51 Ha 26% ,11,Jil1HHee, a BhII'Opatt11e Ha 

21 % 6oJibillC, \.JCM 6e3 npoMe )KyTOllHQH: nepepa60TK11. D,JJ51 I %-HOI'O ypaHa MaKCHMaJJhHa51 

npOAOJJ)KHTCJJbHOCTb KaMnaHHH 4,76 rol{a, l{JJ51 Hee nepepa6oTKa npOBOAHTC51 \.Jepe3 

Tn = 1,2 rol{a nocne Hal.Jana KaMnaH1111. BbIHrpbllll B npOl{OJI)KHTCJibHOCTH KaMnaHHH 22% 

11 B BbirOpamrn 16 % no cpaBHCHJHO C pe)KHMOM 6e3 nepepa60TKH. 

T
0

, JICT 

0 

0,8 

1,2 

1,6 

2,0 

2,4 

Ta 6 JI 11 u. a 2. ITpO,!IOJl>KHTeJlbllOCTb KaMnanHH T. H Bblropaime IT,!], 

B pC>KHMax npoMe>KyrO'IHOH nepepa60TKOH 

C = 0,714 % C = 1,0 % 

TK, JleT IT,!],, Kr/T T •• JlCT 

2,0 11,4 3,9 

2,52 13,8 4,71 

2,4 13,3 4,76 

2,4 13,3 4,69 

- - 4,57 

- - 4,41 

TOPMEBOE TOIIJJMBO 232Th-233u 

IT,!]., Kr/T 

17,4 

19,9 

20,1 

19,8 

19,5 

19,0 

IlpH pa6oTe a Top11esoM pe)K11Me ace TBC Cl[HTaJI11cb OAHOTHIIHhIMH, co)].ep)Kal!lHMH 

0,11,HHaKOBOe TOTTJIHBO 113 
232Th 11 233U. Ilp11 pactJeTaX paccMaTpHBaJTaCb Ta )KC 3JieMeH­

TapHa51 51\.JCH:Ka, \.JTO ,11,JJ51 ypaHOBOro TOnJJ11Ba. KOJJfll[CCTBO TOp1,rn B TOnJIHBHblX 30Hax rrpH­

HHMaJJOCb TaKHM )KC, KaK 238U B ypaHOBOM TOITJJHBC. D,OJJ51 233U B CBe)KCM TOnJJHBC Bbl-

6paHa I, 96 % KOJTHl[eCTBa 
232Th, 4TO o6ecne 4HJJO Heo6xoAHMYJO ,11,n51 ae,11,eHH51 KaMnaHHH 

Ha,!l.KpHTHl[HQCTb 51l[eHKl1. 

IlpH pac\.JeTe KHHeTl1KH npeapameHH51 HYKJTH,11,0B Y\.Jl1ThIBaJJOCb o6pa30BaHHe H30TOIIOB 

npoTaKTHHH51, ypaHa , HenTyHH51, ITJIYTOHH51 BnJJOTb ,11,0 
242

Pu. IloTOK HeHTpOHOB rrpHH51T 

noCT051HHblM no KaMnaHl111 11 paBHbIM <I> = 5 . 1013 HeHTp./ ( CM2 • c). B pe)KHMax C rrpoMe­

)KYTOlJHOH: nepepa6oTKOH C411Tanocb , l[TO KopoTKO)KHBYlll,HH 
233

Pa np11 npoMe)KyTO\.JHOH 

OCTaHOBKe peaKTOpa IIOJIHOCTblO pacna,11,aeTC51 B 233u. 
3aB11CHMOCTb K 3cjJ OT apeMeHH o6JJy4eHH51 np11 pa3Hb!X 3Ha\.J.eHH51X MOMeHTa rrpoMe-

)KYTO\.J.HOH nepepa6oTKH aHaJJOrHl[Ha np11Be,!J.eHHOH Ha pttc. 2 )].JJ51 ypaHOBOI'O TOTIJIHBa. Ilpo­

Me)KyTOl[Hbie nepepa6oTKH c,11,enaHbl a MOMeHTbl epeMCHl1 Tn = 0,4, 0,8, 1,2 ro,11,a. 

IlpOAOJJ)KHTeJibHOCTb KaMnaHl1H 11 Bb1ropaH11e, COOTBeTCTBYIOIIIHC <K> = 1,01, B 3a­

B11CHMOCTl1 OT MOMeHTa npoMe.)l(yTOl[HOH Ql[HCTKl1 TOnJJHBa npe,11,cTaBJTeHbT B Ta6JI. 3. 

T a 6 JI 11 u. a 3. npo,!IOJl>KHTCJlbllOCTb K3Mll3HHH T. II BblropauHe B TOpHeBblX pe>KHM3X 

T
0

, JICT T •• J1eT IT,!]., Kr/T 

1,45 9,5 

0 ,4 1,71 11,1, 

0 ,8 1,75 11,3 

1,2 1,72 II ,I 

IlpOA0JT)Kl1TeJihHOCTb KaMna Hl1H 6e3 npoMe.)l(yT04HOH 01.[HCTKH COCT3BJI51eT 1,45 f'O,!l.a, 

BblropaHHe 9,5 Kr/T. MaKCHMaJJbHOe yaeJJH4eH11e npOAOJJ)KHTeJJbHOCTH KaMrraHHl1 H BbII'O­

paHH51 3a C4eT npoMe)KyTOlJHOH nepepa60TKl1 no cpaBHCHHIO C o6bll[Hh1M pe.)l(HMOM ,11,0CTH­

raeTC51 npH n e pepa60TKe \.Jepe3 Tn = 0,8 ro,11,a 11 COCTaBJI51eT OKOJIO 20%. 
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BblBO)].bl 

ITpoae.u,eHHOe J1CCJie.u,oaam1e IT03BOJIJ1JIO ycTaHOBJ1Tb B03M0)KH0CTH Y./'.IJIHHeHHSI KaMna­

HHH H IlOBbIWeHHSI BbiropaHHSI 3a C4eT yaeJIH4eHHSI 06oraI1.1,eHHSI ypaHa HJIH npoMe)KyTO'!HblX 

nepepa6oTOK ypaH0B0ro u T0puesoro T0ilJIHBa c O'!HCTKOH OT npo.u,yKT0B .U,eJieHHSI. ITpH 

noah1meuuu 06oraI1.1,eHHS1 ypaua c coxpaueHHeM TerrnoC'beMa co cae)Keii: TBC npuxo.u,HTCSI 

yMeHbllaTb Hei-hpOHHbIH Il0T0K. Enaro.u,apsr 3T0MY KaMnaHHSI Y.l'.IJIHHSleTCSI .U,a)Ke npH nep­

B0Ha'laJibH0M BbiropaHHH T0ilJIHBa. ITOBbimeuHe BblropaHHSI H ,ll,OIT0JIHHTeJibH0e Y.l'.IJIHHeHHe 

KaMnauuu o6ycnoaJieHbI yaeJIH'leHHeM aanaca peaKTHBH0CTH. ITp11 nepexo.u,e OT npupo.u,uoro 

ypaHa K o6oram;eHHJO l % BblropaHHe B03pacTaeT B 1,5 paaa, KaMnaHH51 Y.l'.IJIHHSleTC51 B 

1,95 paaa (OT 2 .1'.10 3,9 JieT), nepB0Ha4aJibH0e BblT'Opam1e .U,0CTHraeTCSI 3a 2,24 ro.u,a. ITpu 

nepexo.u,e OT npHpo.u,uoro ypaua K o6oraI.QeHHJO 1,4 % Bh1ropau11e aoapacTaeT a 2 paaa, 

KaMnaHH51 Y.l'.IJIHH.sieTCSI B 3,3 paaa. B pe)KHMax C npoMe)KyTO'!HOH O'!HCTKOH OT npo.u,yKT0B 

.u,eJieHHSI Bbmrpblill B np0.U,0JI)KHTeJibH0CTH KaMnaHHH HeBeJIHK. ITpo.U,OJI)KHTeJibHOCTb KaM­

namrn ,ll,JISI npupo.u,uoro ypaHa IT0BbIWaeTCSI MaKCHMYM Ha 26%' Bb1ropaH11e - Ha 21 % • 

.il:JISI l %-uoro ypaHa Bbrnrpbllll B np0.U,0JI)Kl1TeJibH0CTl1 KaMnaHHH 22 % H B BbIT'OpaHHH 

16%. OnTHMaJibHOe BpeMSI nepepa60TKH - '!YTb MeHbllle Il0JI0BHHbl KaMnaHHH 6e3 nepe­

pa60TKH. B TOpHeBOM pe)KHMe MaKCHMaJibH0e yseJIH'!eHHe npo.u,0JI)KHTeJibH0CTH KaMnaHHH 

H BhiropaHHSI 3a C'!eT npoMe)KyTO'!HOH O'!HCTKH no cpaBHeHHJO C o6hI'!HblM pe)KHMOM co­

CTaBJI.sieT OKOJIO 20%. TaKHM o6pa30M, IlOBhlmeHHe BbiropaHHSI H Y.l'.IJIHHeHHe KaMnaHHH 

,ll,0CTHralOTC51 cyI.QeCTBeHH0 3<P<PeKTHBHee 3a C'!eT TI0BblllieHH51 o6oraIQeHHSI T0ilJIHBa .u,eJISl­

llIHMC51 HYKJIH,ll,0M. 
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Ml11IlEHl1 3JIEKTPO.sI,11,EPHOH YCTAHOBKM 
A.H. Bo.lloauK, A.C. I'epacu.Moa, I'.B. Kuce.llea, T.C. 3apuu,Ka5/. 

I'HI..( P<JJ HT3<JJ, 117259, MocKaa 

PaCC'lHTaHbl H3K011J1eH11e paAHOaKTl18HblX HYKJIHAOB 11 paA11a~HOHHble xapaKTep11CTHKl1 BOJibcjJpaMOBOH HeH­

Tp0H011p0113BOA!lll\eH MHWeH11 :rneKTpO!lAepHOH yCTaHOBKl1 np11 aKTHBa~1rn Hl13KO,rnepren1<IeCKl1MH He11TpOHaM11, 

npHXOA!lll\HMl1 B MHWeHb 113 OKpy)l{alOll\ero pa3MHO)f{aIOll\ero 6J1aHKeTa, H BblCOKO:mepreTH'leCKl1Ml1 HeihpoHaMH, 

06paay10ll\l1Ml1C!l B CaMOH Ml1WeII11. 

ACCUMULATION OF RADIOACTIVE NUCLIDES IN NEUTRON ACTIVATION OF TUNGSTEN 

TARGET OF ACCELERATOR-DRIVEN SYSTEM . A.I. VOLOVIK, A.S. GERASIMOV, G.V. KISELEV, 

T.S. ZARITSKA YA. Accumulation of radioactive nuclides and radiation characteristics of tungsten neutron-producing 

target of accelerator-driven system are calculated for activation by low-energy neutrons from surrounding 

multiplicating blanket and by high-energy neutrons from a target itself. 
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BBELI,EHME 

B 3JieKTpOSI/J,epHOl1 ycTaH0BKe HCWTpOHOrrpmt3BOASimaSI MHIIJeHb ITO)J.BepraeTCSI o6ny­
'4eHHJO np0T0HHblM nylfK0M OT ycKop11TeJIS1, a TaK)KeHewTp0HaMH, np0H3Be)J.eHHbIMH B caM0H 

MHllleHH, l1 HewTpOHaMH, rrpHX0ASIUJ,HMH H3 IT0AKPHTH\JeCK0ro 6JiaHKeTa, 0Kpy)KaJOm:ero 

MHIIJeHh. B Hew HaKaITJIHBaeTCSI 6oJibLDOe KOJIHlfeCTBO pa)J.HOaKTHBHhIX SI)J.ep. Ou,eHKa 3TOH 

aKTHBHOCTJ,f 51BJISleTCSI CJIO)KHOH 3a)J.at1e11 H BeCbMa Ba)KHa C T0'4Kl1 3peHHSI 06ecrre~1eHI-rn 

pa)J,HaU,HOHHOW 6e3orraCHOCTJ,f rrpH 3KCITJiyaTaU,HH :)JleKTPOSIJ].epHoro KOMITJleKca, rrpH rrpo­

BC/),emrn peMOHTHO-npoq:rnnaKTHlfeCKHX pa6oT H rrpH asapHSIX. 

B CTaThe HCCJJeJ].yeTCSI o6pa30BaHHe HOBblX pa)].HOHYKJIHJJ.OB B BOJibq:>paMOBOH MHIIleHH 

ITOA n.ewCTBH.eM HeWTpOHOB, o6pa3yJOllJ,I-I.XCSI B MHLDeHH l1 6naHKCTe. AKnrnaU,J,JSI rrpOTOHaMH 

AOJI)KHa 6h1Th rrpe)J.MeTOM OTJ].eJihHOro paCCMOTpeHJ,J5!. 

ITOTOKl1 H crreKTp HCWTpOHOB, rrpl1XOJI.51llJ,HX Ha Ml1IIJeHh H3 6JiaHKCTa, xapaKTCpHbl AJI5! 

o6brlfHhlX peaKTOpOB. ITJIOTHOCTb ITOTOKa HeWTpOHOB MO)KeT Bapb11pOBaTbC5! s urnpOKHX rrpe­

ACJiax B 3aBHCHM0CTH OT KOHCTPYKU.1111 H Ha3HalfeHl151 3JieKTp051)].epHOH ycTaHOBKl1. Jl,JI.51 

o6bTlfHblX 6JiaHKeTOB Ha TeITJIOBhlX HC~I.TpOHax 3Ta BeJIHl.fHHa COCTaBJISICT 1013-

1014 HCHTp./(cM
2

·c), a AJISI BhlCOKOITOTO\JHblX 6naHKeTOB - 1015 
HeHTp./(cM

2
·c) H 6onee. 

IlpH o6Jiy'4eHHH BOJlbq:>paMOBOH Ml1llleH11 C xapaKTepHblMl1 pa3MepaMH HeCKOJibKO Ae­

CSITKOB caHTJ,JMeTpOB OKa3hIBaJOTCSI cyI1..1,eCTBeHHblMl1 3Q)q:>eKTbl rrpocTpaHCTBeHHOH HepaB­

HOMepHOCTl1 ITOTOKOB TeITJIOBblX J.1. pe30HaHCHbIX HethpOHOB. 3TH HepaBHOMepHOCTH orrpe­

AeJI.51JOTCSI B ncpsyJO 0'4epen.h caM03KpaHHpOBKOl1 MJ,JIIIeHH. CaM03KpaH11pOBKa rrpHBOJI.11T K 

Cl1JlhH0MY CHJ,J)KeHl.flO IlJI0THOCTJ,J ITOT0Ka HeWTpOHOB no Mepe yAaJleHl151 OT rrosepXH0CTH B 

rny6b MHIIIeHl1. l-fa-3a 3T0ro o6pa30BaHl1e pan.11oaKTHBHblX H30T0ilOB npoHCXO)J.11T B 3Ha­

l[l1TeJJbH0 MeHbllieW CTeneHJ,1, lfeM rrp11 o6Jiy'4eHl1H TOHKOH Ml1llleHH, AJISI KOTOpOH 3q:>q:>eKThl 

caM03KpaHl1pOBKl1 Hecym,eCTBCHHbl. 

Co6CTBeHHbie HewTpOHbI Ml1LDeHJ,J o6JiaAaJOT BblCOKOH 3Heprnew: (B cpe)J,HeM rropSI)J.Ka 

2,5 M3B). ITp» TOKe rrpoTOHOB I MA 11 3Heprn» -1 f3B 4HCJIO ttewTpottos, rrpoH3BOA11MhIX 

B MJ,JLDeHH 3a ceKyHAY' COCTaBJISleT OKOJIO 1017 ' lfT0 COOTBeTCTByeT pO)K)J.eHHJO 20 HeHTpOHOB 

Ha 0Al1H rran.a10m11i-r rrpOTOH . ITJIOTHOCTh nOTOKa BbICOK03Hepren1:lfeCKHX HCHTpOHOB pac­

npe)J,eJieHa no 061,eMy MJ,JIIIeHH KpaHHe HepaBHOMepHO. Otta MaKCJ,JMaJibHa B6Jrn3H OCH npo­

TOHHOro rryl.fKa, KOTOphlM o6JJylfaeTC51 MHIIJeHh, H cnan.aeT K nep11q:>epHH MHIIJeHH. CpeJ].H5!SI 

no 06-beMy Ml1IUeHJil nJIOTHOCTb ITOTOKa BblCOK03HepreTJ,JlJeCKl1X Hei-rTpOHOB COCTaBJI.51CT np11-

MepHO 1015 HeHTp./(cM2 ·c) npH 3Hepr11H rrpoTOHOB 1 f3B 11 TOKe nylfKa 10 MA. 
Pa)J.11au:110HHble xapaKTepHCTHKl1 o6Jiy4eHHOH" MJ,JIIICffl1 onpe)'.(eJ151lOTCSI pa)'.(110aKTJ,JBHbl­

Ml1 1130TOIIaMl1 BOJlbq:>paMa, TaHTaJia 11 peHl151, HaKaITJil1BaJOUJ,l1Ml1C.51 B Ml1IIJCHH. Pan.1rnu:11-

0HHbIMl1 xapaKTepJ,JCTHKaM11 SIBJISIIOTCSI aKTHBHOCTh i-ro HYKJil1)'.(a B 1 r Ml1IIIeHH Qi, DK/r, 

11 pa)].110TOKCHlfHOCTh RTi = Q/JJ.,Ai, rAe LI.Ai - rrpen.eJibHO )'.(onycTHMhie aKTHBHOCTH s 

BOAe, DK/ JI. Pa)'.(110TOKCl1.'4HOCTb SIBJISleTCSI 6oJiee rrpen.cTaB11TeJihHOH xapaKTepJ,JCTHKOH, '4eM 

aKTl1BHOCTb, nOCKOJlhKY Y411TbIBaeT pan.11au,HOHHOe B03/),eHCTBl1e KOHKpeTHhlX HYKJil1)'.(0B Ha 

1JeJI0Be1JeCKl1H opraHl13M. OHa HMeeT pa3MepHOCTb 1 JI BOJl.bl Ha 1 r Ml1IIJeHH. Ilp11 paclfeTaX 

11CIIOJib30BaJI11cb 3HalfeH11S1 JJ.,Ai' 113 HPB-99 [ 1 ]. KpoMe Toro, Bhilfl1CJI5!JIOCb rrpo113Be)'.(eH11e 

Qri' rn.e f - raMMa IIOCT05!HHa51 [2 ]. 3TO npOH3Be)'.(eH11e AaeT pa)J.11aI.1,l10HHYJO MOIIl;HOCTh 

)J.03hl o6JiylfeHl151 OT Ml1IIIeHl1, ero pa3MCpHOCTb P · cM2 Ha 1 r MHIIJCHl1/'-I. 

AKTMBAil.1151 TEIIJIOBbIMM HEMTPOHAMM 

IlpeBpam,eHH51 HYKJlHJI.OB non. n.ei-rCTBHCM TCITJIOBbIX He:ihpOHOB 6naHKeTa onpeJJ,eJISI­

JOTCSI peaKU:l151Ml1 (n, y) l1 pa)'.(HOaKTHBHhlMH pacrraJJ,aMH. 3Ha'4eHH.51 TCIIJIOBbIX CClfCHHH 

ai " pe3oHaHCHbIX HHTerpanoB I; B3SITbI 113 I 3 ], rrepHOJl.bI noJiypacrra)'.(a - 113 [ 4 ]. CKopoCTb 
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' 

peaKU:HH Il0A AeHCTBHeM HeHTpOHOB onpeAeJISIJI3Cb K3K (ai + yiyt>, rAe y - )KeCTK0CTb 

cneKTpa He:i'hpoHOB, Il0K33b183IOIJJ,aSI A0JIIO 3mnenJI0BbIX HeHTpoHOB B cneKTpe, <I> - IlJI0T­

H0CTb Il0T0Ka TeilJI0BbIX HeHTpOH0B. LI:onOJIHl1TeJibHO Y'-111Tbl83JI3Cb caM03KpaHHp0BKa MH­

weHH. B HCXOAHOH MHUieHH 11MelOTCSI JIHUlb np11p0,AHble 1130T0Ilbl BOJibcj)paMa. ITpH o6Jiy­

'-lemm o6pa3yJOTCSI 1130T0ilbl TaHTaJia, peHHSI H 0CMHSI. 

B Ta6JI. 1 npeACTaBJieHbl cpeAH11e no 061>eMy Ml1llleHl1 K0HU:eHTpau:1111 HaH6oJiee 3Ha­

'-IHMbIX 1130T0il0B BOJibQ)paMa, TaHTaJia, peHl1SI 11 0CMl1Sl B H3'-13Jie 11 K0HU:e o6Jiy'-leHHSI. OHH 

H0pMHp0B3Hbl Ha 0AH0 SIAP0 B HCXOAHOH BOJibcj)paMOBOH M111DeHH B Ha'-laJie 06Jiy1.J.eH11S1. 

PacCMOTpeHbl sap11aHTbl C <I>= 1014 
HeHTp./(cM

2
·c) 11y=011 0,4 (TSl)KeJIOBOAHblH H npo­

CTOBOAHbIH 6JiaHKeT) 11 C <I>= 10
15 

HeHTp./(cM
2

·c) 11 y = 0 (BbIC0KOilOTOllHbIH TSl)KeJI0B0A­

HblH 6JiaHKeT). LI:naMeTp MHIDeHJf 50 CM. 

T a 6 JI H LI, a 1. KomieHTpau,HH IIYKJJHAOB B MHUICHH npH 06J1y'lel1HH TellJIOBblMH HeihpoHaMH 

<I>, nei:iTp./(cM2 ·c) 

HyKJIH/1 T I12, cyT 
Ha•1aJ10 

1014 (1 r<m) I 06J1y4em111 10I5(y = 0; 0,5 ro11a) 
y=0 I y = 0,4 I 

,sow 1,3 -3 1,3 -3 9,6 -4 1,3 -3 

IsIw 121,2 0 8,9 -7 1,2 -4 6,6 -6 

Is2w 0,263 0,26 0,26 0,26 

IsJw 0,143 0,14 0,14 0,14 

I84w 0,306 0,31 0,31 0,31 

,ssw 75,1 0 8,4 -6 6,0 -4 7,1 -5 

I86w 0,286 0,29 0,28 0,28 

1s1w 1,0 0 2,4 -6 3,1 -5 2,4 -5 

,ssw 69,4 0 2,3 -9 2,9 -5 2,0 -7 

I80Ta 0,34 0 0 0 0 

I8ITa 0 1,23 -6 1,5 -4 4,0 -6 

I82Ta 115 0 3,0 -10 1,1 -5 4,0 -9 

183Ta 5,1 2,8 -12 3,5 -7 3,6 -10 

I84Re 38,0 0 0 0 0 

I8sRe 0 2,1 -5 1,2 -3 7,5 -5 

I86Re 3,78 0 1,9 9 7,8 -6 6,7 -8 

I81Re 0 6,0 -4 7,4 -3 3,0 -3 

I88Re 0,71 0 7,0 -9 2,3 -6 3,5 -7 

I860s 0 5, 1 -8 2,6 -4 8,2 -7 

Iss08 0 1,3 -6 5,0 -4 3,1 -5 

B MHWeHH AHaMeTp0M 50 CM H3MeHeHHSI K0HU:eHTpau:11» CTa6HJibHblX H30T0il0B Hecy-

IIJ;eCTBeHHbl A3)Ke npH BHemHeM Il0T0Ke 1015 
HeflTp./(cM

2
·c). 3TO o61>SICHSleTCSI CHJibHOH 

caM03KpaHHpOBKOJ1 AJISI TenJI0BblX HeHTpOHOB. B cneKTpe, xapaKTepH0M AJJSI npoCT0B0AH0I'O 

6JiaHKeTa C )KeCTK0CTblO cneKTpa y = 0,4, o6pa30BaHHe HYKJIHA0B 3aMeTH0 6oJibllle, lleM 

B '-IHCT0 TenJI0B0M cneKTpe, 113-33 cyIIJ;eCTBeHH0ro BKJiaAa pe30H3HCHhIX HeHTpOHOB B CK0-

p0CTb peaKU:HH. 

B Ta6JI. 2, 3 np1rneAeHbl 3KTl1BHOCTb Q, P3AH0T0KCl1'-IH0CTb RT H pa,AH3U:H0HH3ll M0IIJ;-

HOCTb A03bl Qr o6Jiy'-leHHOJ1 MHWeHl1. OHl1 0THeCeHbl K 1 r BOJibcj)paMOBOH MHUieHH. TipH 
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y = 0,4 BCe pa,!:IH0HYKJH1Abl BH0CSIT cpaBHHMbIH BKJI3A B pa.z:111oaKTHBH0CTb H pa,!:IH0T0KCHlJ­

H0CTb. IlpH y = 0 pelllalOII.J,HH BKJiaA BR0CHT 185w. Pa.z:1HaU,HOHHaSl M0II.J,H0CTb A03bl onpe­

.z:1em1eTCSl K0p0TK0)KHBYII.J,HM 
187W. 

Ta 6 JI Hu. a 2. PMHaU.HOHHblC xapaKTepHCTHKH MHUJCHH npH <I> = 1014 uewrp./(cM2·c), y = 0,4 
H speMCHH o6Jiy'ICHHII 1 ro)J, 

HyKJIH/.1 Q, 6K/r RT, JI/r Qr, P·cM2/(r •q) 

IsIw 2,6+10 -1,4+7 150 

Issw 2,1+1 I 6,5+8 1,6 

Is1w 8,1+1 I 5,3+4 

Issw 1,1+10 1,7+8 3,3 

I&2Ta 2,6+10 2,8+8 470 

I83Ta 1,8+9 1,6+7 80 

I86Re 5,4+10 5,8+8 140 

I88Re 8,5+10 730 

Bcero l,2+12 1,7+9 5 ,5+4 

Ta 6 JI Hu. a 3, PMHaU.HOHHblC xapaKTepHCTHKH MHIIICHH npH <I> = 1015 neiiTp./(cM2· c), y = 0 
H speMeHH o6Jiy'leHHII 0,5 ro,l\a 

HyKJIH/.1 Q, liK/r RT, JI/r Qr, P ·cM2/(r .. ,) 

1,4+9 7,8+5 8,2 

2,5+10 7,8+7 0,19 

6,3+1 I 4,1+4 

7,4+7 1,1+6 0,02 

6,5+5 7,o+3 0,17 

1,9+6 1,7+4 0,08 

4,8+8 5,2+6 1,2 

1,3+10 110 

6,7+1 I 8,5+7 4,1+4 

AKTHBAII.lUI libICTPbIMH HEHTPOHAMH 

Ilpu BbIC0KHX :meprnsrx HeHTpOHOB xapaKTe p H3MeHeHHH H30T0ilH0I'O C0CTaBa BOJib­

cj)paMOBOH MHmeHH onpe.z:1eJisieTcsr CTPYKTypou cetJeHHH npeBparu,ett11sr HYKJIHAOB. IlpH 3Hep­

rHH HeHTpOHOB 2 M3B npOHCXO.z:ISIT JIHllib peaKU,HH (n, y) ' celleHHSl KOTOpbIX COCTaBJISllOT 

HeCK0JibKO .z:1ecsrTKOB MHJIJIH6apH. TTp11 3Heprn11 IO M3B K HHM .z:106aBJISlIOTCS1 peaKU.HH 

(n, 2n) C CelleHHSlMH nopS!,!:IKa 1-2 6 . TT pH 6oJiee BbICOKHX 3Hepr.HSlX .z:106aBJISllOTCSl peaKU,HH 

(n, 3n) c CelleHHSlMH AO 1 6 11 peaKU,HH (n , p) 11 (n, a) c CelleHHSlMH B AOJIH MHJIJUI6apH. 

B Ta6JI. 4-6 npe,!:ICTaBJieHbl paclleTHbte AaHHbie no HaKonJieHHIO HYKJIHAOB H pa.z:1Ha­

ll,HOHHblM xapaKTepHCTHKaM BOJibcj)paMOBOl1 MHIIleHH npH o6JiylleHHH MOH03HepreTHlleCKH­

MH ttdhpottaMH c 3Hepr11eH 10 M3B. OHH no3soJisrIOT y cTaHOBHTb BJIHSlHHe ocHOBH1>1x cj)aK­

TopoB, CBSl3aHHblX C BbIC0K03HepreTHlleCKHMH HeHTpOHaMH. CllHTaJIOCb, 'ITO 06Jiy1IeHHe 

npoHCX0AHT paBH0MepHO no om,eMy MHIIleHH. Cpe,!:IHHe no om,eMy MHmeHH TTJIOTHOCTH 

n0TOKOB 6bICTpbIX HeHTpOHOB npHHHM3JIHCb <I>= 1015 H 1016 Heihp./(cM2 · c), lJT0 npH­

MepHO CO0TBeTCTByeT T0KY npoT0HHOro nyllKa 10 11 100 MA C00TBeTCTBeHH0. 
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Ta 6 JI 11 u_ a 4. Ko11u_e11Tpau_1rn IIYICJIH,UOB B MIIWCIIII np11 :mepr1111 11eihpo110B 10 MJB 

HyKJ111,!I f-Ia,1aJ10 06J1y•1e1111S1 
<I>, 11e11Tp./(cM2·c), + 

1015 (I ro11) 1016 (0,5 ro11a) 

,sow 1,3 - 3 1,4 -3 2,6 -3 

,s1w 0 4,2 -3 0,030 

1s2w 0,263 0,26 0,25 

1sJw 0,143 0,15 0,17 

1s4w 0,306 0,29 0,24 

185W 0 4,0 -3 0,03 

1s6w 0,286 0,27 0,22 

1s1w 0 3,0 -8 2,5 -7 

1s0Ta 0 3,3 -7 1,0 -5 

1s1Ta 0 5,7 -3 0,017 

1s2Ta 0 1,0 -7 1,9 - 6 

184Re 0 4,2 -5 1,0 -3 

1ssRe 0 0,01 0,03 

186Re 0 3,2 -7 1,0 -6 

1s1Re 0 7,7 -6 3,2 -5 

1ssRe 0 4,7 -12 2,0 -IO 

1860s 0 8,9 -7 1,4 -5 

1ssos 0 8,6 -10 1,9 - 8 

Ta 6 JI 11 I.( a 5. Pa,n11au.110HHble xapaKrep11CTIIKII MIIWeHII np11 :i11epr1111 HeihpOHOB 10 M:iB, 

<I> = 1015 ueihp./(cM2 ·c) 11 BpeMe1111 06J1ytJe1111S1 1 ro.n 

HyKJJl1)1 I Q, K11/r I RT, J1/r I Qr, P ·cM2/(r ·•1) 

,s1w 9,0+1 I 5,0+8 5,2 
1ssw l,4+12 4,4+9 11 

1s1w 8,1+8 53 

1s0Ta 2,6+10 190 

182Ta 2,4+7 2,6+5 4,3 

184Re 2,9+10 2, 1+8 3,7+3 

186Re 2,2+8 2,4+6 0 ,59 

188Re 0,002 

Bcero 2,3+12 5, 1+9 3,9+3 

Ta 6 JI 11 u_ a 6. Pa,n11at,110Hllble xapaKTepllCTIIKII M11we1111 np11 JHepr1111 11eihpOHOB IO MJB, 
<I> = 1016 IICHTp./(cM2 ·c) II BpeMeHII 06J1y'leHll!I 0,5 JleT 

HyKJJ11A I Q, K11/ r I RT, J1/r I Qr, P ·cM2/(r · ••> 
,s,w 6,5+12 3,6+9 38 
,ssw l,0+13 3,2+10 82 
,s1w 6,6+9 430 

180Ta 7,8+1 I 5,7+3 

182Ta 4,4+8 4,7+6 79 

184Re 7,2+1 I 5,2+9 9,2+4 

186Re 7,3+9 7,8+7 19 

1ssRe 0,06 

Bcero 1,8+13 4,1+10 9,9+4 
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Ilpu pac4eTax npespam;ettuw HYKJUIA0B Y4HTbIBaJIHCh peaKU:HH (n , y) H (n, 2n). Hx 

Ce4eHIDI npH 10 M3B B3S!Tbl 113 [ 5, 6 ]. PaccMaTpHBaJIOCb o6pa30B3HHe H30TOOOB BOJibcppaMa, 

T3HTaJia, peHHSI H 0CMH.SI. 

B Ta6JJ. 4 npeACTaBJJeHbl cpeAHH.e no OOl>eMy MH.WeHH. K0HU:eHTpan;H.H. HYKJIH.AOB s Ha-

43Jie H. K0HU:e o6JJy4eHH.SI, H0pMH.poBaHHble Ha 0AH0 S!APO B HCX0AHOH BOJJbcppaMOBOH MH.­

meHH. B H34aJJe o6JJy4eHH.SI. B Ta6JJ. 5, 6 - paAHaU:H.0HHbJe xapaKTepH.CTH.KH., 0THeceHHbie 

K 1 r o6JJy4eHHOH BOJJbcppaMOBOH MHWeHH. 

IlpH n0T0Ke 1016 HeHTp./(cM2 · c) H3MeHeHH.SI KOHU:eHTpan;H.H cym;ecTBeHJn>le, 4TO OOl>­

SICHSleTCSI BKJI3AOM peaKU:HH (n, 2n) npH 3TOH 3HepmH.. O6pa30BaHH.e HOBbIX, B TOM l{HCJJe 

paAHOaKTHBHblX HYKJIHAOB He npeBhICllaeT HeCKOJJbKHX npon;eHTOB OT o6m;ero l{HCJJa S!Aep. 

Pa.l(HOTOKCH'-IHOCTb onpeAeJJsieTCSI HYKJIHA3MH 
181 W, 185w, 184

Re, pa.l(HaU:HOHHaSI 

MOID.HOCTb A03bl - HYKJJHA0M 184Re 11 0T'-13CTH KOpOTKO)KHBYID.HM I 80Ta. 

3AKJUOqEHHE 

PaAH3U:HOHHble xapaKTepHCTH.KH, o6yCJJOBJieHHbie HeHTpOHaMH, pmKAeHHblMH. B MH­

meHH, H HeHTPOHaMH OT BHemnero 6JJaHKeTa, cpaBHHBaJIHCb B npe.l(nOJIO)KeHH.H, 4TO 3HepI'IDI 

HeHTpOHOB, pO)K,l(eHHblX B MHIDeHH, COCTaBJJSleT 10 M3B H IlJIOTH0CTb IlOTOKa 

1015 ne1'hp. /(cM 2 · c), 4TO np11Mepno cooTBeTCTsyeT TOKY npoToHHoro ny\{f<a 10 MA, a tteu­

TpoHbI OT BHeIDHero 6JJaHKeTa HMeJOT IlJJOTHOCTb nOTOKa 1014 HeHTp./(cM2 · c) H. )KeCTKOCTb 

cneKTpa y = 0, 4, '-ITO COOTBeTCTByeT OObI4HOMY peaKTopy Ha TeOJJOBblX tteHTpoHax. CpasHeHHe 

IlOK33hIBaeT, 4TO npH o6ny'-leHHH B Te4eHHe 1 roAa paA110TOKCH4HOCTb, o6yCJJOBJJeHHaSI J)O)K­

AeHHblMH s MH.IDeHH tteHTpottaMH, B 3 pa3 OOJihme, a paAH.au:uottHasi MOru:ttOCTb A03bI B 14 pa3 

MeHhme, 4eM 3TH JKe xapaKTepHCTHKH, o6yCJJOBJieHHbie HeHTPOH3MH OT BHelIIHero 6JJaHKeTa. 

OAHaKo tteo6xoAHMO 11MeTb B BHAY, 4TO paAHaU:HOHHasi MOID.HOCTb A03bI AJJSI o6Jiy<1eHHS1 HeH-

TpoHaMH OT BHemHero 6JJaHKeTa onpeAeJJS!eTCSI K0POTK0)KHBYID.HMH HYKJIHAaMH 187w, 
188Re c nepHoAaMH nonypacnaAa oKoJJo 1 cyT, Torna KaK npH o6JJY4eHHH HeHTpoHaMH, po)K­

.n.ettHhIMH B MHIDeHH, OCHOBHOH BKJI3A ,ll.3IOT 185W, 181 W H 184Re C nepHOAaMH nOJiypacn3Aa 

OT 38 AO 121 cyT. ECJJH )Ke npHH11M3Tb BO BHH.MaHHe TOJlbKO pa,l:\H.OHYKJIHAbl C nepHO,ll.aMH 

noJJypacna,l(a He Mettee HeCKOJlbKHX AeCSITK0B cyTOK, TO OK33bIB3eTCSI, '-ITO BbICOK03HepreTH.­

lJ.ecKHe HeHTp0Hbl, p0)K,l(eHHbie B MHIDeHH, C03,ll.3IOT P3AH3n:HOHffYIO MOm;HOCTb A03bl B 6 pa3 

6oJlbme, lleM tteHTpoHbI OT BHemttero 6JJaHKeTa. 3roT pe3yJJbTaT CBHAeTeJJbCTByeT o Ba)KHOH 

poJIH., KOTOpyJO HrpaJOT BbICOK03HepreTHlJ.eCKHe HeHTJ)OHbl OT caMOH MH.IDeHH. B o6pa30BaHHH 

paAHOffYKJJHAOB, OTBeTCTBeHHblX 3a paAHaU:HOHHble xapaKTepHCTHKH o6ny4eHHOH MHIDeHH. 

A6cOJJIOTHble 3Ha4eHHSI paAHaU,H.OHHOH MOID.HOCTH ,ll.03bl Il03BOJISIIOT on;eHHTb B03MO)K­

Hble cnoco6bJ o6parn,emrn c o6JJy<leHHOH MHIDeHblO. BeJJHlJ.HH a Qr HMeeT nopSl,ll.OK 

104 P·cM2/(r • lJ.) H nepHO,ll. ee CHH.)KeHHSI Ha IlOJJOBHHY COCT3BJJSleT HeCKOJibK0 .l(eCSITKOB 

cyTOK. 3To CBH.AeTeJJbCTByeT O TOM, l(TO ,ll.3)Ke 4epe3 3H34H.TeJibHOe speMSI nocne OK0Hl{3HHSI 

o6JJy4eHl1SI Tpe6y10TCSI ,ll.HCTaHU:HOHHble MeTO,ll.bl. 

CITMCOK JIMTEPATYPbl 

I. HopMbl pa,n11al.(110HHOH 6e3onaCHOCT11 (HP6-99) . - M.: M3,n. M11H3,npaaa Poccw11, I 999. 
2. J'yceB H.r., ,11,MHTJ)HeB n.n. KaaHTOBOe 113Jly'leH11e pa,n11oaKTl1BHblX ttyKJ111,!IOB: CnpaBO'IHl1K. - M. : ATOM-

113,naT, 1977. 
3. BeJJattoaa T.C., MrnanoK A.B., naw.eHKO A.B., ITJJ11cK11H B.M. Pa,n11al.(110HHb1i1 3axBaT ttei1Tpottoa: Cnpa­

ao•1tt11K. - M.: 3tteproaToM113,naT, 1986. 
4. CxeMhl pacna,na pa,n110HyKJ111,non. 311epr11si 11 11HTeHCl1BHOCTb 113Jly•1ett11S1: ITy6n11Kal.(11S1 38 MKP3/Oep. c 

a11rn. - M.: 3ueproaTOMl13,naT, 1987. 
5. McLane V., Dunford C.L, Rose P.F. Neutron Cross Sections. Vol. 2. Neutron Cross Section Curves. National 

Neutron Data Center, BNL. - N.Y.: Acad.Press, 1988. 
6. ENDF/B-VI, revision 2. 

CTaTbSI nocTyn11J1a B pe,naKl.(11IO 15 11IOJISI 2000 r. 

BonpOCbl 3TOMHOH H3YK11 11 TeXH11Kl1. 

Cep. <l>11311Ka si,nepHblX peaKTOpOB, 2000, Bbm. I, 45-50. 

50 



Il P O B JI E M bl B E 3 0 Il A C H O C T 11 SI 3 Y 

MET0,11,bl 3KCTIEPTHOM TI0,11,,11,EP)l(Kll 
Jll111,EH3MPOBAHI1SI ,11,El1CTBYIOIII,llX AC 

B.r. I'opaoH, T.IO. lfyJLK.06a 
HT/..{ 5/PB, 109280, MoCK.aa, yJL. Aamo3aaoacK.aJL, 14/23 

Tipe;ICTaBflCHbl pOCCl1HCKl1H no,nxo;1 K Tpe6onaHl1!1M o6ecne4eHl1!1 6e3onaCHOCTl1 AC 11 06w.11e peKOMett;11au.1111 

M.ArAT3 no ou.e11Ke 6e3onaCHOCTl1 JICHCTBYIOW.11X AC. OTMe'leHO, 'ITO pa3pa6oTKa MeTOAOfl01'11'1eCKOro no;1xo;1a 

IC OU.CHKe npOBOAl1MOro 3KCnnyaT11py1ow.11Ml1 opraH113aU.1111Ml1 060CHOBa111111 6e3onaCHOCTl1 !IBJl!leTC!I aKry.anbHOH 
0

3a;1a<1ei\ . B Ka'leCTBe B03MO>KHOl'O ;1ononHeHH!I K CTaH;lapTHOH 3KCnepTH3e, ou.eHHBalOw.ei\ 6e30naCHOCTb AeHCT­

BYIOW.HX 3Hepro6nOKOB pOCCl1HCKHX AC, npe;1naraeTC!I ycneWHO npHMeHeHHblH Afl!I CTaHu.1111 C peaKTOpaMH PliMK 
MeTOJll1'1eCK11H flO,I\XOA, Ha3BaHHblH fll1Hl1!1Ml1 3aW.HTbl <LoD). 

LICENSING EXPERT SUPPORT METHODS FOR OPERATING NPP. B.G. GORDON, 
' T.Yu. CHULKOVA. The summary of the Russian approach to the safety requirements of NPP and general IAEA 

recommendations for the safety assessment of operating NPP is submitted. There is pointed out that the development 

of the methodological approach to the safety justification review is an urgent task. The methodical approach named · 

the «Line of defence (L0D)» that was successfully applied for NPP with RBMK reactors is offered as a possible 

'addition to the routine review process during the licensing. 

OcHosoi-1 cospeMeHHOro nOAXOAa K Tpe6osamrnM o6ecnelfemrn 6e3onacHOCTH AC B Poc­

CHH 51BJ15leTC51 pa3pa6oTKa H BBell,eHHJ1e B AeHCTBHe Ba)l<Hetturnx npaBOBblX J,I HOpMaTHBHblX 

, AOKyMeHTOB [1-6], conposO)Kll,a101IJ,0eCS1 noll,roTOBKOH 6oJibIIIoro lfHCJia pyKOBOlJ.51IIJ,HX AO­

KyMeHTOB, pacKpbIBalOIIJ,HX H YTOlfH51JOIIJ,HX MexaHH3Mbl HCilOJIHeHH51 Tpe6osaHHH K o6ec­

netJeHHIO 6 e3orracttocTH AeHcTBylOlIJ,HX AC. Pa3pa6oTKa 3THX AOKyMeHTOB - pe3yJihTaT 

cosMeCTHhIX ycttJIHH focaTOMHaA3opa H MuttaToMa PocrnH. B 3KCrrJiyaTaU,HH mo6oft AC 

HaCTynaeT rrepHOA, KOrll,a 3aJIO)l(eHHbJe B rrpoeKT TeXHH'-leCKHe pemeHH51 nepecTaIOT YAOB­

JieTBOp51Tb HOBbIM HOpMaTHBHbIM Tpe6oBaHH51M K 6e30ilaCHOCTH AC H CTaHOB51:TC51 Heo6xo­

AHMbIMH BHell,peHHe ll,OnOJIHHTeJibHbIX H MOll,epHH3all,IDI cym,etTBYJOIIJ,HX CHCTeM, yseJIHtJe­

HHe om,eMa KOHTpOJISl OCHOBHOro o6opyll,OBamrn H pa3pa60TKa KOMneHCHpyJOIIJ,HX Mepo­

IlpH51THH. 3KcrrnyaT0py10m,0e opram13all,HH rrapaJIJieJibHO C pa3pa60TKOH npaBOBblX H HOp­

MaTHBHbIX AOKyMeHTOB coseprueHCTBYJOT 3KCnJiyaTaU,HJO AC C ll,eJiblO np1rne.n,eHH51 HX B 

COOTBeTCTBHe C Tpe6oBaHH51MH no 6e3onacHOCTH. TipHMeH51eMblH B PoCCHH nOll,XOA K ne­

pHOAHL£eCKOH Oll,eHKe 6e3onaCHOCTH 6JIOKOB AC 6a3I1pyeTC51 Ha Tpe6osaHH5lX K 060CHOBbI­

Ba10ill,eH 6e3orracHOCTb AOKyMeHTall,HH' 110.n.Aep)l(HBaeMOH Ha npI1eMJieMOM YPOBHe B Te"4:eHHe 

scero )l(H3HeHttoro U.HKJia AC. l13MeHeHH51 yCJioBHH AeHCTBH51 JIHU.eH3HH peaJIH3YJOT Me­

xaHH3M ll,aHHOro IIOll,XOAa, rll,e KJIIOlfeBbIM MOMeHTOM 5lBJI51eTC51 aHaJIH3 OOOCHOBbIBaIOlIJ,eH 

6e3onaCHOCTb AOKyMeHTall,HH [7 ]. 
BJIOKaM nepsoro noKoJieHH51 BbIAaeTC51 JIHll,eH3H51 cpOKOM Ha Oll,HH rDA Ha OCHOBe aHa­

JIH3a OilbITa HX 3KCilJiyaTaU.HH, roll,OBbIX OTlfeTOB no 6e3orraCHOCTH 3Hepro6JioKa H APYrDH 

He06XOAHMOH AOKyMeHTaU.HH [8 ]. Tpe6osaHH51 K COCTaBy H COll,ep)KaHHIO AOKyMeHTOB AJISl 

IIOJiytJemrn JIHU.eH3HH 6JIOKOB BTOporo H TpeThero nOKOJieHHH H3JIO)l(eHbl B [9 ]. JJ:JUI IIO­

JiylJeHJrn AOJirocpo'-IHblX JIHU.eH3HH AJISl 3ttepro6JIOKOB 1-4 JleHHHrpaACKOH A3C, 1 H 2 
KypcKoi-1 A3C, 1 H 2 KoJibCKOH A3C, 3 H 4 HososopoHe)KCKOH A3C 3KcnJiyaT11:py10IIJHe 

opraHH3aU,HH AOJI)l(Hbl npeACTaBHTb Ha paCCMOTpeHHe B rocaTOMHaA30p PocCHH OT\JeT no 

yrny6JieHHOH ou.eHKe 6e3orracttocTH 3Hepro6JIOKOB (OYOB) [6 ]. B 6JI0)Ka11meM 6yAym;eM 

AJI51 scex AeHCTByIOill,HX 3Hepro6JIOKOB 6yAeT npoBeAeHa yrJiy6JieHHa51 Oll,eHKa 6e3onaCHO­

cn1. B npou.ecce JIHU.eH3HposaHH51 YnpasJieHHeM no HaA30py 3a Sill,epHoH H paAHau.00HHOH 

6e30IIaCHOCTbJO aTOMHbIX CTaHU.HH focaTOMHaA30pa PoCCHH MO)KeT 6bITb npHH51TO pemeHHe 
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0 npoae.a.eHHH 3KCnepTH3hl 6e3onaCHOCTH 6JioKa AC Ha COOTBeTCTBHe npHHSIThIX 3aSIBHTeJieM 

TeXHH'leCKHX H opraHH3aU,HOHHhIX peweHHH .a.eHCTByJOlII,HM Tpe6oBaHHSIM no 6e3onaCHOCTH 

B o6JiaCTH HCnOJih3OBaHHSI aTOMHOH 3HeprHH. 

PeaJIH30BaHHhIH B PoccHH no.a.xo.a. K ou,ettKe 6e3onacttocTH AC cornacyeTCSI c pa3pa-

6aTh1aaeMhlMH C 1991 r. B MAr A T3 OCHOBHhlMH noJIO)KeHHSI.MH no ou,eHKe 6e3onaCHOCTH 

cTaH:u,»11, nocTpoeHHhIX no pattHHM cTatt.a.apTaM. B INSAG-8 [ 10] npe.a.cTaBJieH .a.ayx:,nan­

HhIH no.a.xoa K ou,eHKe rny6oK03UJeJioHHpoaatttto» 3arn;HTht AC, BKJIJOllaIOm,H» npe.a.aapu­

TeJJhHYIO H yrny6JieHHYIO ¢a3hl l{JlSI H,!J.eHTH<t>HKaU,HH CJJyllaeB HecooTBeTCTBHSI TeXHH'leCKHM 

Tpe6ooaHHSI.M, npe,!l.'bSIBJISieMhIM K AC. 

TTpaKTH'leCKOe CO,!J.eHCTBHe 3KCITJJyaTHPYJOW,HM opraHH3a:U,HSIM H oprattaM peryJIHpo­

BaHHSI. B nepeou,eHKe 6e3onaCHOCTH AC no .a.e»CTBYIOW,HM CTaH,!J.apTaM H C y'leTOM 3KCITJJy­

aTa:U,HOHHOH npaKTHKH o6ecne•rnoae-r ny6n0Ka:U,HS1. MArAT3 [ 11 ] . .ll,JISI AC, nocTpoeHHhIX 

no paHHHM CTaH,!J.aµTaM, npoae.a.eHHe 3KCnepTH3hl no coopeMeHHhIM CTaH.a.apTaM - 3TO 

oape.a.eJieHHe Toro, r.a.e cym,ecTBYIOT OTKJIOHemrn, BJIHSI.IOW,He Ha rny6oK03IIIeJIOHHPOBaHHyIO 

3arn;0Ty H KYJihTYPY 6e3onacttOCTH • .ll,oKyMeHT TaK)Ke npe.a.JiaraeT KJiacc0¢0Ka:u,H10 KOM­

neHcHpy10m,Hx MeponpHSITHH ,!J.Jl51 BhlSI.BJieHHhIX npo6JieM 6e3onaCHOCTH H peKOMeH.a.aa;HH 

no HX peaJIH3al.l,HH ,!J.JISI ,!l.OCTH)KeHHSI npHeMJieMoro ypOBHSI. 6e3onaCHOCTH. 

MArAT3 peKOMeH.a.yeT npOBO,!J.HTh aepHO,!J.HlleCKHe oa;eHKH 6e3onacHOCTH .a.eii:cTByIO­

ll],HX AC AJISI oa;ettKH coooKyIItthIX 3¢¢eKTOB crnpemrn cTaHl.l,HH, Mo.a.epHH3al.l,HH, 3KCllJIY­

aTaa;uoHHoro OnhITa H TeXHH'leCKHX ,!J.OCTH)KeHHH [ 12 ]. TTepHO,!J.HlleCKHe oa;eHKH 6e3onac­

HOCTH peKOMett.a.ye-rcsi. ocym;eCTBJISITh lfepe3 peryJISipHbie npoMe)KyTKH BpeMeHH He 6oJiee 

10 JieT, TaK KaK 3a .a.aHHhIH nepHOA npOHCXO,!J.HT CMeHa KaJI.pOBOro COCTaBa H HOpMaTHBHOH 

Jl.OKyMeHTal.l,HH. TTepHO,!J.H'leCKYIO O1.l,eHKY npeJI.JiaraeTCSI npOBO,!J.HTh B TPH 3Tana. 

Ha aepBOM 3Tane npoBO,!J.SIT oa;eHKY cym,ecTBy10m,ero COCTOSIHHSI 6e3onaCHOCTH Ha co­

OTBeTCTBHe JI.eHCTBYIOW,HM HOpMaM H npHHSITOH npaKTHKe, pa3,!J.eJISISI. ee Ha 11 <t>aKTOPOB 

6e3onacttocT0: 

l) peaJihHoe ¢H3HlfecKoe cocTOSIHHe KOHCTPYKU:HH; 

2) aHaJIH3 6e3onaCHOCTH; 

3) aTTeCTal.l,HSI 06opy.a.ooaHHS1; 

4) ynpaanettue npoa;eccaMH crapeHHSI; 

5) IlOKa3aTeJJH 6e3onaCHOCTH; 

6) HCIJOJih3OBaHHe OilhITa H pe3yJihTaTOB HCCJJe,!J.OBaHHSI JI.pymx CTaHl.l,HH; 

7) npou:eJI.yphI (pernaMeHThl); 

8) opraHH3al.l,HSI H a,!J.MHHHCTpal.l,HSI; 

9) l!eJIOBel!eCKHH <t>aKTop; 

10) aaapHHHOe ITJJaHHpoBaHHe; 

11) B03,!J.el1CTBHe Ha OKpy)KaJOm,y10 cpe.a.y. 

BTopoH 3Tan nepHO,!J.Hl!eCKOH oa;eHKH 6e3onaCHOCTH - 3TO npeJI.BapHTeJJhHaSI. 3KCnep­

TH3a BonpocoB 6e3onaCHOCTH. Ha .a.aHHOM 3Tane MOryT 6h1Th npe,!J.JIO)KeHbl npe.a.BapHTeJJbHble 

KOMTieHCHpyJOm,He MeponpHSITHSI. 

Ha TpeTbeM 3Tane npO,!l.OJI)KeHHe 3KCnJiyaTal.l,HH IIO,!J.TBep)KJI.aeTCSI. pe3yJihTaTaMH 

yrny6JieHHOro paCCMOTpeHHSI KaK CHJihHbIX, TaK H CJJa6blX CTOPOH IIepBoro 3Taaa H npe.a.­

JIO)KeHHbIX KOMTieHCHpy10m,HX MeponpHSITHH, HarrpHMep, C HCnOJih3OBaHHeM MeTOJI.OB Be­

pOSITHOCTHOro H .a.eTepMHHHCTCKOro aHaJIH3OB 6e3onaCHOCTH (BH.ll,AB). 

no.a.o6ttbIH TIO,!J.XOA K nepHO,!J.HlleCKOH oa;eHKe 6e3oaacHOCTH pa3 B .a.ecSITh JieT B lfHCTOM 

BHJI.e He cyw;ecTByeT s pOCCHHCKOH npaKTHKe, HO Tpe6oBaHHSI. [ 12] K nepHOJl.HlfeCKOH oa;eHKe 

6e3onaCHOCTH BllOJIHe COOTBeTCTBYIOT peKOMeH,!J.al.l,HSIM rocaTOMHa,!J.30pa PoCCHH [6 ], '-lTO 

TIO,!l.TBep)KJl.aeT cpaBHeHHe <t>aKTOPOB 6e3onaCHOCTH H co.a.ep)Kalll,HX aHaJIOrH'-lHble npo6JieMbl 

pa3.a.e.noo OYOB AJISI pocCHHCKHX 3Hepro6JIOKOB. flepwo.a.HllecKasi oa;eHKa 6e3onacttOCTH a 

PocCHH ocyIII,eCTBJISieTCSI npH BbinOJIHeHHH HeKOTOpbIX Me)K,!J.yttapOJI.HbIX npoeKTOB, HaIIpH­

Mep no sepOSITHOCTHOMY H .a.eTepMHHHCTCKOMY aHaJIH3aM 6e3onaCHOCTH. 

TaKHM o6pa30M, pOCCHHCKaSI npaKTHKa o6oCHOBaHHSI H peryJIHpOBaHHSI 6e3onaCHOCTH 

TIOJIHOCThlO COOTBeTCTByeT o6m,HM peKOMeH.a.aa;mlM MAI'AT3 • .ll,JISI HCKJIIOlfeHHSI cym,eK-
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'r11Bl13M3 np11 np0BCAeHl111 3KCnepT113bl B HTIJ, 51P6 B B11Ae OTAeJibHbIX AOKyMeHTOB pa3-

pa6aTh1BalOTC51 PYKOBOACTBa no 3KCncpT113e 6c3onaCHOCTl1 (P3)' KOTOpble npeAHa3Ha4eHbl 

AJI51 noMOlll,11 :JKCnepTaM np11 COCTas11emrn 3aKJJI04eHl1H no AOKyMeHTau,1111, 060CHOBhlBa-

10lll,eH 51ACPHYIO 11 paA11au,11otttty10 6e3onacHOCTb aTOMHhlX cTattu,11i1 c peaKTopoM T11na BB3P. 

TeMaT11Ka P3 COOTBeTCTBYCT [5 ], rAC pacCM3Tp11B3IOTC51 TeXHl1•1ecK11e 11 opraHH3aU,HOHHbie 

Bonpocb1 ::1KcrrnyaTau1111 AC. 

O63op 3KcnepTtthrx 3aKJI10<ieH1111, HaKonJieHHbIX B HTIJ, 51PB, noKa3aJI, <iTO P3 06ec­

ne<111sa10T BTIOJJHe o6beKTl1BHblH IlOAXOA K 01.1,eHKe 6e3onaCHOCTl1. TTp11 HeB03MO)J<HOCTl1 npo­

secnt pac•teTHblH AeTepMHHl1:CTH'leCKl1H aHaJil13 np11 01.1,eHKe Cl1CTeM, Ba)KHbIX AJI51 6e3onac­

HOCTl1 AC, 3KCnepT3MM TeM He MCHCe MCnOJJb3YIOTC51 Kptnep1111, OCHOBaHHbie Ha co6CTBCH­

HOM Il0Hl1MaHl111 npou,eccoB, 'ITO nopO)KJJ,aeT cy6beKTMBl13M ou,eHKl1. TaKOH IlOAXOA He rrpo­

THBOpe<tHT peKOMCHA3U.1151M MAf AT3 I 11 ]: np11 OTCYTCTB11.11 Heo6xOA11MbIX HOpMaTHBHbIX 

AOKYMCHTOB, COJJ,ep)Kalll,HX Kp1,nepH11. ou,eHKl1, npoeKTHhie, KOHCTPYKTOpCKJ.1e M TeXHHlle­

CKH:e pe1UeHl151 attaJIH311PYIOTC51 Ha COOTBeTCTBHe /J,OCTl1:rHyTOMY ypOBHIO HayKH H TeXHHKH. 

JJ:ei1CTBYIOlll,a51 pOCCl1HCKa51 H0pMaTHBHa51 6a3a COJJ,ep)K11T pa3Jil1l1Hble peKOMeHA3U.HH 

no opraHH331.(1111 11 nop51AKY npOBCAeHJ.151 3KcnepTM3bl [ 13 ), IT03TOMY pa3pa6oTKa MeTOJJ,0-

110r11•1ecKoro ITO/J,XOJJ,a K 011,CHKe o6ocHOBaHl151 6c3onaCHOCTl1 51BJI51eTC51 aKTyaJJhHOH 3aAa4eH. 

Ilp11'1CM pa3pa6oTKa KOHKpCTHhlX MCTO/J,11.K 11 nOAXO/J,OB J],1151 noJiy4eHl1513KCnepTHbIX ou,eHOK 

AOJI)KHa 6b1Tb Bb!IlOJIHeHa C y4eTOM OCHOBHblX ITOJIO)KeHHH KOHU,enu,1111 my6oK03WeJJOHl1-

posaHHOH 3alll,11Tbl. Tip11MCpOM TaKoro IlOJ],XOJJ,a MO)KCT CJJY)KMTb aHaJil13 6e3onaCHOCTl1 l1r­

HaJJl1HCKOH A3C Ha coorncTcTs11e cospcMeHHbIM cTaHJJ,apTaM [ 14 ]. B npoeKTe 6hrna oKa3aHa 

nOMOlll,b :)KCilJiyaT11py10lll,CH opraHl13al.(1111 B rrpMH51Tl111 perneHMH O rrp11op11TeTHOCTl1 Kan11-

T3JJOBJIO)KCHMH B Meporrp1151Tl151 no M0JJ,epH11331.1,1111 o6opyJJ,OBaHl15l 11/J,0KyMeHT3U,Hl1 Ha OCHOBe 

oueHKH B3)KH0CTl1 Ka)l(Aoro Bbl5IBJJeHH0ro HeJJ,OCTaTKa C TO'IKl1 3peHH51 6e3onaCHOCTH AC. 

Ha Ha•J3JlbHOH CTaJ],11),f npoeKTa npHWJIJ,f K MHeHMIO, 'IT0 HCU,eJiecoo6pa3HO 11 HeB03-

MO)KH0 np11MCH51Tb KOJIH'leCTBeHHblH p11CK K 01.1,eHKe HeJJ,OCTaTK0B, K0TOpble 6yJJ,yT Bbl51BJICHbl 

(14 ]. BblJI pa3pa6oTaH aJihTepHaTl1BHbll1 MeT0A [ 15, 16 ]. 3Ha•rnTeJibHOCTb/J,JI516e30ilaCHOCTH 

OTCTyrrneHHH OT cospeMCHHblX CT3HJJ,apT0B MO)KeT 6b1Tb ou,eHeHa ITO CTeneHH, B KOTOpoii: 

0HH BJil15llOT Ha pa60Tocnoco6HOCTb 11 ::icpcpeKTHBHOCTb (pH311'1eCKl1.X 6apbepos 11 ypoBHell 

3alll,11Thl. Tio::iTOMY MeToJJ,11Ka 3KcnepT113ht YOB l1A3C 6wJia octtosaHa Ha TOM np11ttu,11:ne, 

'IT0 J],JISI 3aID,HTbl OT noCJJeACTBHH pa3Jil1\IHOH CTeneHH cepbe3HOCTl1 Tpe6yeTCSI HeKOTOpoe 

Kom1•recTso JIHHHH 3am,11TbI (Lines of Defence - LoD), K11accHcp11u,11posaHHhIX KaK CHJibHhie 

HJI11 cJia61,1e. 

Ha116011ee no11Ho nocJie rrpoeKTa YOB l1A3C noJJ,XOA LoD 6hIJI 11crroJib30BaH s rrpoeKTe 

TACJS TS/RF/ I 0. MeTOAH'ICCKHH noJJ,XOA JIHH1111 3alll,HThl (LoD) 6h1JI C03JJ,aH AJI.51 3KCilJly­

aTwpyeMhlX B UK peaKTOpOB 6e3 KOHTattHMeHTa, OCH0BbIBa51Cb Ha n03HU,HH 3anaJJ,a OTHO­

Ct,fTeJibHO 6e30IT3CHOCTl1 TaKHX AC, HO OH rrpomeJI HeKylO CTa)J.11!0 no H3MeHeHHIO Ha co­

OTBeTCTBHe npo6JieMaM pocc1111cK11x 3Hepro6JIOKOB AJI51 npoeKTOB YOB I1A3C, TACIS 

TS/RF/10. 

IJ,eJih npoeKTa T ACIS TS/RF /IO - coJ].ettcTs11e m1u,eH3HposaHHIO MeporrpHSITHH no 

MOJ].epHH3al(l111 Cl1CTCM, 83)KHblX J],1151 6e3onaCHOCTl1, 3Hepro6JJOKOB nepBOH O'-lepCAH Jle­

HHHrpaJJ,CKOH AC. Ou,eHKH 11JJ.CHT11¢1111,11posam1 p51JJ. 0611acTei1, s KOTOpbIX, no MHeHHJO 3KC­

nepTOB, rJiy6oKO:JlllCJIOH11pOBaHHa51 33Ill,HTa CTaHU,HH 6yJJ.eT HMeTb HeJJ,OCT3TKH J].a)Ke TIOCJie 

MOJ].epHl13311,1111 [ 17 ]. 
TIOH51THe «Jil1Hl15l 3alll,11Tbl>> OTCYTCTsyeT B pOCCHl1CKHX HD:, KaK H IlOH5lTH5l <<CHJibHa51» 

11 «CJJa6asi» JIHHl1:H 3aLU,HTbl. Ho HX MO)KHO onpe)J.CJ111Tb KaK COBOKYilHOCTb CMCTeM, Ba)KHbIX 

Am1'6e3onaCHOCTlf, BblTIOJIHSIIOOJ,HX CBOl1: cpyHKIJ,1111 no OTHODJeHl1IO K paccMaTp11saeMOMY 

11CXOAHOMY co61,1T1110. C11JihHaS1 1111tt115l 331ll,11ThI (Strong Line of Defence - SLoD) o6pa-

3yeTC51 113 Cl1:CTCM, KOTOpb1e Ot{H0BpeMCHHO YJJ.OBJJeTBOpSIIOT TpeM Kp11Tep1151M aT'feCTaU,HH 

np11 aHaJIM3e Ha Bb!IlOJIHeHl1C Tpc6yeMOH cpyHKU,11:11: 6e3onaCHOCTlf. Kp1nepm1 aTTeCTaU.HH 

onpeACJISJJOTC.51 s [15, 16] KaK Q - Qaulified for duty, R - Redurrdant, A - Automatic 

11 BKJIIO'laJOT KOMnJieKCHYIO 01.1,eHKy: so-nepBbIX, KOHCepsaTl1BHOCTH KOHCTPYKU.HH 11 o6ec-
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nClJCHJHI KallCCTBa np11 113fOTOBJJCHl111, MOHTa)Ke, HCnbITaHHSIX , TCX06CJIY)Kl18aHJ•rn (peMOH­

TC), BO-BTOpbIX, pe3eps11poBaH11SI CHCTCMbl. BhlnOJJHeHHC BTOporo Kp11Tep11SI aTTeCTau,1n1 

CBl1,l].eTCJlhCTBYCT, l(TO CHCTCMa YAOBJJCTBOpsteT np11Hu,11ny CAHHHl(HOro OTKa3a. Ll,JJSI aKT11.R­

HblX Cl1CTCM ACHCTBHC 331.Ll,HThl AOJJ)KHO 6b1Th aBTOM3Tl14CCKl1M. JlJJSI TaKoro cneu,m:j:rnlfCCKOro 

3JJCMCHTa Jll1Hl111 3aI.LI,11ThI, KaK ncpcoHaJJ, OLI,CHKa no TPCThCMY Kp1nep1110 (A) - 3TO ou,eHKa 

HaJJl1lfl1S( ,zi.onycntMOro BpCMCH11 AJISI A113rHOCTl1Kl111 ycTpaHCHl1.SI OAHOH ourn6K11. TTaCCl1BHbie 

Cl1CTCMhl OLI,CHHBalOTCSI TOJlbKO no ABYM Kp1nepHSIM aTTCCTau,1111: o6ecnellCHHe KalJCCTBa 11 

Ha,zi.e)KHOCTh (Q - Qaulified & R - Reliable). C11a6aSI JJHHH51 3aru,wT1,1 (Week Line of 

Defence - WLoD) - T3K3SI CHCTCMa, KOTOpaSI He MO)KCT 6hITb KBaJJH~)HLI,HpOBaHa Ha 

OCHOBe Kp11rep11eB aTTCCTau,1111 KaK Cl1JlhHaH, HO BHOCHT 3Halil1TCJibHhIM BKJiaA B rJiy6oKo-

3WCJIOHHp0B3HHYIO 3a1.L1,11ry. CJia6an JIHH11H 331.Ll,HThI (WLoD) cooreeTcTByeT Kp1-nep11t0 aT­

TCCTau,1111 no K3lleCTBy, HO HC OTBCliaeT rpe6oBaHHIO YCTOH411BOCTH K CAHHHlJHOMY OTKa3y 

H COOTBCTCTBYCT BCpOHTHOCTH OTKa3a nopHAKa 0,1-0,01 [15]. 
Arrccrau,11.s1 no Kp11rep11HM Q, R, A no3BOJJHCT onpe,zi.CJil1Th y)Ke Ha ncpeoM ::>Tane 

oco6eHHOCTl1, npe,nCT3BJJHIOI.LI,HC co6011 OTKJIOHCHl1SI OT OCHOBHblX np11HU,HnOB 6e30ITaCHOCTl1. 

<l>aKTl1l(CCKl1 Kpttrep1111 3TTCCTaLI,H11 nOMOr3IOT OLI,CHHTh nepBblH 11 BTOpoii ypOBHH cyru,e­

CTBYIOI.LI,CH rny6oK03WCJIOH11p0B3HHOH 3al.Ll,11Thl [4 ]. TTo,zi.po6HeC Kp11TCpH11 aTTCCT3U,11H (Q, 

R, A) c T04Kl1 3pemrn cooTBCTCTBHSI rpe6osaHHSIM poccmkK11x Hll, paccMoTpCHhI B I 18 ]. 
l ·frorosasi xapaKrcp11cr11Ka (S HJIH W) ,zi.11.si paccMarp11eaeMOH c11cTCMhl onpCACJI51CTCSI no 

cos0Kyrrnocr11 OTBCTOB Ha craHAaPTHhie Kp11Tep11H (Q, R, A). TTp11 3TOM e Kalfecree 11roroeoii 

6epeTC51 H3HXYAlllaSI ou,eHKa. }laJJee, OLl,CHHB ca MO 11.CXOAHOC COObJTHe B TepMHHax MCTOAOJIOTirn 

(S HJIH W) Ha ocHoee,zi.aHHhIX no 4aCTOTe, ero cyMM11py10r (U) c ou,eHKoii c11creMbl no Kp.0rep1151M 

'';~,~~::,!.. Q, R, A, ITOJiylfaSI 3HalJCHHe AJISI OCH op-

NT A11HaT ,zi.11arpaMMbl 6e3onaCHOCTH (CM. p11-

cyHOK). w 
wuw 
s 
.~IJ W 

TS 

Tl TS 

TL TS 

SUWUW TL 

TTo OCH a6cu,HCC OTKJia,l].hIBaIOTC51 lJe­

ThlpC KaTerop1111 nOCJie,zi.cTBHM aeapHH no 

CTCITeHl1 11.X cepbC3HOCT11. B Ta6JI. 1 onpe­

,[{CJICHbl lJCTbipe Karerop11H ITOCJie,l].CTBHH 

aeap1111 B TOM B11,lJ.e, B KOTOpoM OHl1 6bLJIH 

11cnoJib30BaHb1 B npoeKTax [ 14, 17 ]. 

SUS MS 
susuw 

V M 

YCJIOBHble 

o603Ha•1eHH~ 

V 

L 

M 

A 

)].11arpaMMa 6e3011ac11ocn1 

T a 6 JI H Ll a I. nocJIC,UCTBHll anapHH no CTCflCIIH cephC3110CTH 

XapaKTep noCJ1e.ucrn~1~1 anap11i1 

llapymem1e npoeKTHl,IX npe.UCJIOII JlJlll TOllJIHBa, KOTopoe He llllJlllCTCll .U0CTaT0 1lllblM ,ll./111 TOro, 

'IT06hl llbl3BaTI, pacr1J1aanem1c TOllJIHlla ~IJIH :)UTCKT>IKY TOllJl~1Da/06cJJ10•1K~I Tll3Jl08 6onee 'ICM 

8 0.UIIOM Ka11aJ1e. I leT 3anpOeKTHOH cj)H3H'ICCKOH yrp03bl 3aU(HTHO~I o60Jl0'1Ke HJIH CHCTCMC 

JIOKaJIH3aUHH aaapHH 

JloKaJihllOC 11011pe)l(J(C lll1C 11c60J1blllOl'O 'IHCJia KallaJIOB n npe.ueJJax npoeKTIIOH MOll(HOCTH 

CHCTCM c6poca 11anJ1emrn H3 rn H CJIA. I leB03M0)1(CII IIHKaK0~1 cj)H3H'ICCKHH J cj)cj)eKT, KOT0pb1H 

CMOr 61,1 npHBCCT>I K OTKa3y 3all(HTIIOH o60JJO•IKH HJIH CJlA 

PacnJiaBJJCIIHC aKTHBHOH 3011bl, KOTopoe 11e npH110.UHT K ll()JIHOMY OTKa3y 3aLUHTHOH o60JJ0'1KH 

HJIH CJIA np11 H36b1T0•1110M .uannemn1, 110 u KOHe•moM c•1eTe npHBOAHT K HX noape)l(J(Cmno 

BCJICJ.ICTBHC TCllJIOIIOro y.uapa, Bb16poc CIIH)l(aeTCll 33 C•ICT 3aACP)l(KH rIOCJIC OCTUHOBa peaKTOpa 

H 3a C•ICT llhl,lCp)l(KH npo.uyKTOB )lCJICHHSI 8 CJlA, nepeOM KOHT)'pe H T.J.1. 

Pac11J1aBJ1e1me aKTHBIIOH 3011bl, npHBOJ.ISllltCe K KaTaCTpOcj)H4CCKOMY pa3pyweHHIO CHCTCMbl 

JJOKam13au11~1 npH llO.UbCMC uepxHC~I llJIHTbl peaKTOpa HJIH llOJIHOMY OTKa3y CJIA npH 

ll CllblWCIIHH on CHIMOro anne11m1 

TaKl1M o6pa30M, AJISI IIOCTPOCHl151 ,zi.11arpaMMbl Heo6XOA11MO HMeTh 11.HQ)OpMaIJ,HIO O Ka­

Terop1111 nocJJe.o;CTBHH HCXO,[{HblX co6hlTl1H np11 pa3JJl1l(HhIX cu,ettapHSIX pa3B11THSI aeap11H, 

no11y4CHHYIO no pe3yJJhTaraM ,zi.eTepMHHHCTCKoro atta11113a 6e3onacttocT11 <llAE) c HCIIOJib-

3osatt11cM coepeMCHHblX paClJCTHblX KOAOB. <l>aKTl1llCCKl1 3TO ou,eHKa TPCThero ypOBH51 rJiy-

6oK03WCJJOH11p0B3HHOH 3aI.LI,11Tbl 14 ]. 

54 



-
1leTBepTblM ypOBHeM rny6oK03WeJIOH11pOB3HHOH 331.1V1Tbl AC SIBJISleTCSl ynpasJieH11e 

asap11SIMl1. 3TOT yposeHb 33llll1Tbl onpeii,eJISleTCSI 3apattee 3anJiaHHp083HHbIMH H OTpa6o­

T3HHbIMH Meponp11SITHSlMl1 no ynpasJieHHIO B03MO)KHblM pa3BHTHeM 3anpoeKTHblX asap1111. 

Meporrp11SITl151 BKJIIOL13IOT ITOMep>Kam,e pa60Tocnoco6ttoro COCTOSIHHSI CHCTeM JIOK3JIH3au:1111 

paii,11oaKTl18HblX seru:eCTB. C nOMOLJJ.blO MeTOAOJIOrJ-111 JIHHHH 3aUJ,11Tbl (LoD) MO)KeT 6bITb 

ou:eHeH 11 3TOT yposeHh 3al.L(HTbl. 

OnblT nOK33bIBaeT, 4TO, eCJIH rrpo6JieMbl CT3HU:11H 11ii,ettTHCjmu:11posaHbl, ii,anee JIYYUie 

scero 11X KJiaCCHQ)HU:11POBaTb no 3HaLrnTeJibHOCTH AJISI 6e3orraCHOCTH. D,JISI Ka)KAOH B03MO)K­

HOH asapHH AHarpaMMa 6e3onaCHOCTl1 ITOK33hlBaeT OAHY 113 YeTbipex KaTeropHM 6e3onac­

HOCTH 3Hepro6JIOKa KaK o6JiaCTb nepece"YeHJ,HI KaTeroplOI noCJieACTBl1H (OCb a6c1..v1cc) (CM. 

Ta6JI. l) H 411.CJia CHJibJ-lblX 11 CJia61,1x Jil1HHH 331.llHTbl, KOTOpbte CTaHU:HSI HMeeT npOTHB 

AaHHOH asap1n1 (OCb opii,11HaT). B Ta6JI. 2 onpeii,eJieHbl KaTeropm,, rrp11HS!Tble B npoeKTe 

·114 ]. B TOM )KC BHAe OHl1 coxpamtJil-1Cb 1-1 s npoeKTe [ 17 ]. 

T a 6 11 H I~ a 2. KaTcropHH npo6JICM 6cJonaCHOCTH 

YCJIOBllble o603ll[l'leHHSl KaTeropHS! 

NT (Not Tolerable) 3Kcn11yaTaUHS1 He ,ionycrnMa ,no ycTpaHeHH!I npo611eMbl 3KCn11yaTal.lHSl 

He 060CHOBa11a 

TS (Tolerable Short) 

TL (Tolerable Long) 

MS (Modern Standart) 

3Kcn11yaTal.lHSl ,ionycrnMa Ila KOpOTKHH PeweHHe npo611eMbl ,lOJllKHO 6b1Tb 

nepHOA BpeMeHH ocymeCTBJICIIO 6e3 3a,ieplKeK, 

3KCnJlyaTaLlHSI ,ionyCTHMa Ha 

AJl~ITeJlbHblH nepHOA BpCMeHH 

CoaoeMCHllblH CTallAUDT 

3a KOpOTKHH nep~IOA epeMe1n1, B03MOlKIIO 

np~• KOMneHCHpy10ll(HX MeponpH!!THSIX 

PeaJIH30BaTb MeponpHSITHSI no 

nOBblWellHIO 6c3onac11ocTH, CCJIH OHH He 

!IBJISUOTCSI CJIOlKllblMH HJIH 

He3KOHOMHllHb1MH 

He T!le6veTCSI HHKUKHX MCDOflDHSITHH 

Ou:ettKa Ka)KAOH rncTeMhI, yyacTBy10w.e11 s oTpa6oTKe paccMaTp11saeMoro MC 11 06ec­

neYHBa10lll,e11 BblilOJIHeHHe Heo6XOA11MOJ1 Q)YHKU:1111 6e3onaCHOCTH, ocym;eCTBJISleTCSI no ee 

COCTOSIHHIO AO H noCJie MOAepH113au.1111. TorAa MepOH AeQ)HU.11Ta 6e3onaCHOCTH 3Hepro6JIOKa 

J,fJIJ1 3Q)Q)eKTI1BHOCTl1 KOHKpeTHOro MeporrpHSITHSl no MOAepHH33U.HI1 SIBJISieTCSI pa3HI1U:a B 

nOJIO)KeHl111 Ha ,z:i;1-1arpaMMe 6e30IT3CHOCTH (CM. pHCYHOK) o6JiaCTH KaTerop1111 6e3orraCHOCTl1. 

B np11JIO)KeHl111 [14] np11B0AHTC51 CBOAHbIH nepec1eHb peKOMeHA3ll.11H no .D;OnOJIHHTeJib­

HOMY attam13y, MOAeptt113au.1111 11 Texm,14ecK0My nepesoopy)KeH1110 sToporo 6noKa 11A3C, 

KaTeropm-1 KOTop1,1x (NT, TS, TL) onpeAeJiettb1 Ha oCHose MeTOAOJJor1111 LoD. Bee peKo­

MeHA3U:11H no Mo.n,epHH3au.1111 61,1JJH ycnosHo pa3.11,eJiettb1 Ha TS - 33KOH'll1.Tb AO JIHU:eH3H­

posaHHSl 1M11 TL - s1,montt11T1> scKope nocJie 1111u.eH311posamrn 11A3C. 

HecOMHeHHhIM nOJJO>KHTeJibHbIM KaYeCTBOM AaHHoro nOAXOAa K ou.eHKe 6e3onaCHOCTl1 

AC, nOCTpOCHHbIX no paHHHM CTaH.n,apTaM, SIBJISleTCSl TO, 4TO OH He Tpe6yeT nOJIHOro se­

pOSITHOCTHOro aHaJIH3a 6e3onaCHOCTH (BAE) 11, CJieAOBaTeJihHO, 1136eraeT scex npo6JieM 

HeonpeAeJJeHHOCTH, B03HHKa10m;11x npH 11cnoJI1>3osattH11 pa3JIH4HbIX MeTOAOJiorH11 BAE. B 

TO )Ke speMSl TP3A11U:HOHHbIH D,A:S, OCHOB3HHb111 Ha KOHI..J,emvrn MHoroyposHeBOH 3alll,HTbl 

npOTHB B03M0)KHhIX HCX0.11,HbIX co6hITHH, HrHOpHpyeT TOT cj)aKT, 4TO HeKOTOpbie HCXOAHbie 

co6hlTHSI 6onee sepOSITHhl, YeM APYrHe. CosMeCTHOe 11CITOJib30BaHHC pe3yJihTaTOB D,AE H 

BAB n03BOJISleT ycTaHaBJIHBaTb KOJIH'leCTBeHHbie CTaHAapTbl 6e3onaCHOCTl1, 3aAaBa51 "Yac­

TOTY asapmt 11 KPl1Tep,rn 6e3onaCHOCTl1 B TepM11Hax pttCKa. B 3TOM CMbICJJe MeTO.D;OJJOrHSI 

JIHHHH 3aUJHTbI SIBJISieTCSI KaK 6bl cepeA11Hoil 3THX ABYX no,z:i;xOAOB I 19 ]. 
MeTOAOJIOr.HSI JIHHHH 3alllHTbl, cornactto peKOMeHJWU.11SIM MAfAT3 (10] no npose,z:i;e­

HHIO ,z:i;syx3Tarrttoi1 ou:ettK11 6e3onacHocT11 AC, ofueAHHSleT c noMOIIJ:blO AHarpaMMhI 6e3-

onacttocT11 B AOCTaTO'lHO HarJISIAHOH cj)opMe npeABapHTeJibHYIO (AO MO,ri;eptt113au:11.11.) 11 

ymy611eHHYIO (nocne MOii,epH113al..J,Hl1) ou:eHKI1 6e3onacHOCTH. Ilpeii,sapHTeJihH3Sl ou,eHKa 

onpe,z:i;eJISieT KaK COOTBeTCTBHe AC HOpMaM npoeKTHposaHHSI H 3KCnnyaTal..J,HH, ,z:i;eHCTBO-
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BaBWHM TOr,lla, KOr,lla OHa 6hJJla BnepBblC JIHU.CH311pOBaHa, TaK 11 mo6hte OTKJIOHCHHSI OT 

KOH11,enu.1111 rny6oKo3we110H11posaHHOH 3a111,11TbI. Uem, yr11y611eHHOH ou,CHKM 6e3onacHo­

cn, - cpaBH11TCJlbHblH aH3Jll13 npOCKTa, npHHU,HnOB coopy)KCHJ151 11 3KCn11yaTaU,Ml1 CTaHI.J,1111 

Ha COOTBCTCTBl1e ,llCHCTBYIOlllHM HOpMaM 11 npas1111aM. TToCJIC 3aBepweHHSl yrny6JieHHOH 

OU,CHKH 6e3onaCHOCTl1 AC paCCMOTpCHHe ee pe3yJibTaTOB ,ll0Jl)KH0 noKa3aTb Ba)KHOCTb BbJ­

SlBJICHHblX HC,llOCTaTKOB ,llJl51 nOMCp)KaHl1SI rJiy6oK03WCJIOH11pOBaHHOH 3ail.l,HTbJ. AHaJIOrM•I­

HO B MCTO,llOJIOfl111 LoD CHCTCMa noc11e MO,lleptt113au,1111 OU.CH11B3CTC51 C T04KM 3pCHJ1SI 6onee 

TI03,llHl1X CTaHJWPTOB, T3K KaK OHl1 3aKJJa,llhIB3IOTC51 B npoeKT ee MO,llepHl13aU.HH. 

B ,llOKYMCHTC MArAT3 I 111, peKOMCH}J;aU,1111 KOTOporo COOTBCTCTBYIOT npHHSlTOii B 

Pocci,111 pery1111pyiomc11 npaKTl1KC, om1caHO B 0611111x •IepTax, K3K rrp0CTO 11 II0JIH0 rrp0BCCTH 

JlCTCpM11H11CTCKoe 06ocH0RaH11c. TTp11 3T0M npc,ll11araeTcsi aHanorn•rna51 VLMA-KnaccMQJH­

Kau,11si n0TCHU,HaJll,HhlX nOCJIC,llCTBl111 npo6Jll!M 6e3onaCHOCTl1 C T04Kl1 3pCH1151 noape)K,llCHHSI 

CTaHlJ,J.111 11)111 pa,llH0aKTl1BH0ro Bb16poca Ha Tp11 rpynm,I: rrp11eMJICMbJe (tolerable)' 3H34H­

TCJlbHhle (significant), He,llonycrnM1>Ie (intolerable). TTo aHaJ1or1111 c MS-NT-KJiaCCHQJH­

Kau,Heii npC,llJlaraeTCSI BblC0Kl1H (high), cpe,llHl1H. (medium), HH3KHH. (low) KJI3CCbl Ba)KH0CTJ.1 

npo6JICMbl ,llJl516e3onacHOCTl1. Kp11Tep1111 clTTCCTall,11M (Q, R, A) ,llaHHOH. MCT0,ll0JIOrI-UI. BnOJIHe 

cooTBCTCTBYJOT KaK peK0MeHJJ.au.11siM INSAG-8, TaK tt ocHOBHbtM npttHLJ.ttnaM 6e3onacttoCTH, 

peaJIH3YCMblM np11 npoeKT11p0B3Hl111 aT0MHh[X CTaHU.1111 11 HX Cl1CTCM, 113Jl0)KCHHbIM B I 4 ]. 
TTp11MCHCHtte noJJ.06H1>1x Kp11Tep11cs aTTCCTau.1111 o6cy)KJJ.aeTcsi B [ 11 ], rJJ.e rosop11TcSI, 4T0 

JJ.115I 3KCnepTl13bl 6e3onaCHOCTl1 AC DOAXO/l.5ILUHC KPHTCp11l1 npl1CMJICM0CTH - 3T0 rrpe}l.CJ!bl, 

JI1160 C0JJ.Cp)KamttCC51 B TeKy111,11x CT3HJJ.apTax 11 MCT0JJ.3X 01.1,CHKH, 111160 aJibTCpH3THBH0 npeJJ.­

JI0)KCHHble ::>KCnJ1yaT11pyiomc11 opraH113au.11c11 11 corJiaC0BaHHbte C pery1111py10ill,MM opraHOM. 

CpaBHHBaSI MCT0JJ.0JI0fHIO JIHHHH 3a111,11Tbl C cy111,eCTBYIOllll1Ml1 n0JJ.X0JJ.aMH, npHMCHCH­

HblMH B npoeKTax no aHaJ1113y 6e3onacHOCTH. (Hanp11Mep, BAE 11 3Kcrrpecc-attaJIH3 p11cKa 

npoeKTa T ACIS AMI 11A3C-2, CA3C-3, JIA3C-I), c pocc11wcKHM11 ITOAX0JJ.aMH np11 3KC­

nepT113C, 060CHOBbIBa10111c11 6c3onaCHOCTb JJ.OKYMCHTau.1111 np11 JI11U.CH3HposaHHH, a TaK)KC 

C APYfHMH npe}l.Jl0)KCHHblMl1, HO HC HaWCJJ.WHMH npaKT11LJCCK0ro rrpHMCHCHM51 MCT0AHKaMH 

(20, 2 I I, M0)KH0 CKa3aTh , 4T0 }l.aHHaSI MCT0,ll0JI0rHSI He SIBJl51CTC51 60J1ee cy61,eKTHBHOH, 

4CM J1106011 113 npnBCJJ.CHHhlX BbUlle D0JJ.X0JJ.0B. 

MeTOAOJIOrHSI Jll1Hl1H 3aU.J,11Tbl (LoD) M0)KCT CTaTh xop0WHM .n;on0JIHCHHCM K CTaH,llap­

THOH 3KCnepT113e, o6oCHOBbJBalOlll,CH 6e3onaCHOCTb JJ.OKYMCHTa11,1rn, Ha3Ha•1aeMOH rrpH JIH­

U,CH311p0Bam:rn, 111111 6hITb 6a311COM 0TJJ.CJlhH0f0 npoeKTa no aHaJIH3Y 6e3orraCHOCTH. ITpH 
3T0M MCT0A0Jl0r1151 n03B0Jl51CT n0JJy<JaTh 0IJ,CHKl1: 

- pa60Tocnoco6HOCTl1 0TJJ.CJlbHblX Cl1CTCM (::>JICMCHTOB)' Ba)KHbIX AJISI 6e3onaCHOCTH; 

- Ka•ICCTBa 11 K0ppCKTH0CTl1 Bbin0JIHCHH0ro 3Kcn11yaT11pyiomc11 opraHH3all,HCH atta-

Jl113a BJll151HJ.151 Ha 6c3onaCHOCTb Ka)K,ll0f0 0TCTynJJCHJ.151 OT Tpe6oBaHHH HI( }].JI.SI K0HKpeTH0ro 

::>Hepro6JIOKa, paH)K11pOBKl1 (KaTCrop113a1.1,J.111) OTCTYTIJICHl111 no 11X 3Ha'lHMOCTH }].JI.SI 6e3-

onaCH0CT11; 

-nJTaH0B 11 rpacj)HKOB Meponp11SITl1H no ycTpaHCHl1IO J.1 KOMITCHCaU.HH BbIS{BJTCHHbIX 

0TCTYTIJICHHH: OT Tpe6osaHl111 JJ.CHCTBYIOill11X H.U C T04Kl1 3pCHJ.15I o6ocHOBaHHOCTJ.1 rrpH0pH­

TCTOB 11X peaJil13aU,HJ.1, 3Q)Q)CKTl1BHOCTl1 J.1 TIOJIH0Thl; 

-ypoBHSl 6e3onaCHOCTJ.1 3Hepro6110Ka 11 ero C0OTBCTCTBl1Sl Tpe6oBaHHSIM JJ.CHCTBYIOU.J,HX 

H.U TT0CJIC 3aeepwett11Sl M0JJ.CpH113au,1111 B U.CJI0M 11JIJ.1 0TJJ.CJlbH0ro ce ::>Tarra. 3KcrrepTH3a 

np0BOJJ.11TCSl no ,llOKYMCHTaM, npeJJ.CTaBJICHHhlM B COCTase 3aSlBJICHJ.151 Ha Il0JIY4CHHC JIJ.1-

U.CH31111 Ha 3KCTIJ1yaTa1.J,J.1IO, J.1 pe3ym,TaTaM KOMTIJICKCH0ro aHa11113a 6e3onaCHOCTH, BblII0JI­

HCHH0fO 3Kcn11yaTHpy10111,e11 opraH113au,11ei1 B paMKax YOE . 

.lI.JISI J.1CD0Jib30BaHl151 MCT0JJ.0JI0rHH JIHHHH 3al1JHTbl B pocc11HCKOH npaKTHKC CJICAYCT 

nepecM0TPCTb ce 0CH0BHbJe nOJIO)KCHl151 11 aJJ.aTIT11p0BaTb ee K poCCHHCKOH HOpMaTHBHOH 

6a3c. A11rop11TM npoBe}l.CHJ.1.51 aHa11113a M0)KH0 OCTaBl1Tb TaKHM )KC. O4CBHJl.HbIM TI0JI0)KH­

TCJlbHblM M0MCHT0M MCTOJJ.0JIOfHJ.1 SIBJISICTCSI TO, LJT0 OHa He D03B0JISICT nponyCTHTb OCH0BHbie 

MOMCHTbl np11 np0BCJJ.CHl111 3KC11CpT113bl, paccTaBJISISI aKU.CHTbl Ha JJ.CHCTBHTCJTbHO CJ1a6h1e 

MCCTa npoeKTa 11Jl11 '.)KCTIJJyaT31J,110HHOH npaKTHKl1. 

TTp11HSITaS1 R Pocc11J.1 K0HU,CnlJ,1151 r11y60KO::>WCJIOHl1pOBaHHOH 3alll,HTbl, IlOCJIC,llOBaTCJib­

HaSI pea11113au,1151 KOTOpoii 06ecne,111BaCT 6c3onaCHOCTb AC, 4J.1CJICHHO JJ.Opa6aTbTBaeTCSl B 

LoD np11 TI03TanHOM C0CTaBJICHJ.111 JJ.11arpaMMbl 6c3onaCHOCTJ.1. 

56 



-
no pewe1-111io 2-ro YnpasJiemrn rocaTOMHaA3opa Pocc1111 c noM0W.hlO MeT0A0Jiorm1 

JI11Hl1H 3aLU,11Tbl 6hIJia np0BCACHa 3KcnepT113a :::,q)Q)CKT11BHOCT11 ncpCX0Aa Ha ypaH-3p611esoe 

T0nJil1B0 C T04Kl1 3peHl1SI K0HU,enu,1111 rny6oK03WeJIOH11p0B3HHOH 3aLU,11Tbl 11 n0BbllliCHHSI 

6e3onacHOCTl1 :::>KcnJiyaTau,1111 3HCpro6JioKa I KypcKoi-i AC. B 1-1acT0S1W.ee speMSI 3aMeHa 

ruTaTHhrx TBC c AH0KCMA0M ypaHa Ha TBC c ypa1-1-3p611csb1M T0nJ111B0M 51BJI51eTCSI aKTy­

aJihHOH 3a.r:1a•1ei,'r AJISI 3Hepro6JIOKOR PEM K. Ou,eHKa :JQ)q)CKTl1BHOCT11 1-1osoro McxaH113Ma 

no.[1Aep)K3Hl1SI 3a.[laHH0ro 3Ha•ICHl1SI naposoro K03Q)Q)11U,11eHTa peaKTl1BH0CTl1, OCH0BaHH0ro 

He Ha BBCACHJ.111 B aKTl1BHYIO 30HY peWCTKJ.1 norJIOTl1TCJICH, a Ha CBOMCTBax ca Moro T0ilJIJ.1Ba, 

A0B0JibH0 cneu.11Q)l-14H3 AJISI ,[laHHOH MeT0.[I0JI0rl111 11 noKa3aJia YHl1BepcaJibH0CTb 11 np11ro.r:1-

H0CTb LoD AJISI 3KcnepTH3bt 6c3onacHOCT11 .r:1eiicTByiow.11x AC. 
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3KCTTEPTHASI METO,LI,HKA OU,EHKM BE30TIACHOCTH 
3KCOJ1YATAU,M11 3HEPf06JlOKOB A3C 

B.H. BaceKw1, FocamoM11a83op Poccuu, MocKaa, yJL. TautHCKa>i, 34 
H.H. HcmoMwta, T.JO. lfyJtKoaa, HT~ 5/PE rocamoM11a83opa Poccuu, 

109280, MocKaa, y;L Aamo3aao8cKCt51, 14/23 

npe,ll,.IHll',leTCSI :JKcneprnm, MCTO)lHKa 011e11KH 6e3onaCHOCTH 3Hepro6JJOKOB A3C. 8 Ka•,ecrne 6a30BhlX 11011SITl1H 
11Cl10Jll,3YIOTCII IIOll»Tl111 «pl1CKa» H ero KOMITOIICIIT, xapaKTepH3YIOIJ.\11X nep051TIIOCTb H nOCJ1CACTBl151 HCXO)lHOro 
co61,1nu1. PaCCMOTpe111,1 11011»Tl151 «t1ecj)111~~!T 6eaonacHOCnt», «JlOllycntMOe upeMSI» 3KCnJJyaTal\H~I B COCT051HHl1 C 
3ilAilllHOfl neJIWIHIIO~I p11cKa, 061mCTCH 11onycn1Ml,IX 11 11e)lonycnlMblX COCTOSlll~t~I 11a AHarpaMMe 6c3onaCHOCTH. 
,Ua111,1 KOflpCKTllhlC onpe)leJleHH>l yKa3a11111,1x IIOll>lTl1~1. flpe,11,.1mraeMa11 3KCnepT11a11 MCTO/lHKa 1103BOJl>1CT ll0JIY'll1Tb 
KOJll111CCTBCllllhle Ol\CIIK~I AC<pHL\~ITa 6eJonac11ocn1, )\OnyCTl1MOro opeMe1rn :JKCnJ1yaTal\Hl1 311Cpro6JJOKa C HMCI0-
11\HMCSI ACQ)~I IHITOM 6e3onarnocn1 ~I 3cjJ(jJeKTHIJIIOCTH Meponp~HITHH, 11anpaBJ1e1111blX 11a ero ycTpaHe11ne. 

EXPERT SAFETY ASSESSMENT METIIODOLOGY OF NPP UNIT OPERATION. V.N. VASEKIN, 
N.N. ISTOMINA, T.Yu. CIIULKOVA. This article cont;iins a safety evaluation method of NPP units. The base 
conceptions are used following the conception «risk» and its components, which define the probability and consiquences 
or initial events. There are examined the conceptions: «safety deficit», «permissible time» or operation under condition 
or given value or «risk», areas or permissible and inadmissible conditions on the safety diagram. There are given 
correct determininations of these parameters. Given expert method allows to obtain quantitative estimations of «the 
safety deficit», «permissible time» or operation or NPI' units with exis ting «safety deficit» and effectiveness of 
measures which direct to elimina tion of the «safety deficit». 

focaTOMHa,1:13op Pocorn Henpepb1BHO ocyUJ,eCTBJrneT pery1rnposam1e 3Kc1rnyaTau.1u1 

A3C tta scex :=nanax )Kl13Hettttoro u.11KJ1a A3C, BKJ1JOt1aSI npoeKT11.poaam1e, CTP011TeJ1bCTBO, 

BBO,[I B 3KCnnyaTaLJ.HIO HOBblX 3Hepro6JJOKOB, peKOHCTPYKU.11IO, Mo.n:epH1133U.11!0 H 3KCilJJy-

3TaU.HJO ,1:1eikTByiow,11x 3Hepro6noKOB A3C. Ocyll.l,ecTBmreMoe focaTOMtta.n:3opoM PoccHH 

no3TanHoe perynHpoaatt11e 3KcnnyaTau,1111 A3C npe.n:ycMaTp11aaeT nopsr.n:oK npHHSITl1SI pe­

rnett11i1 o Bb1,1:1a411 n11.u.ett31u1, cpopMwpoBatt11e ycnoa11i1 11 113MCHett11i1 ycn0B11i1 ,1:1eHCTB11.sr JJH­

u,eH3HH. JIHu.ett3HpoBaHwe 3KcnnyaTau.w11 A3C npe,1:1ycM0TpeHo <<<!>e,1:1epaJJbHbIM 3aKOHOM 

06 IfCOOJlh30BaHJ111 3TOMHO.:'I 3HCpr1111» 11 ocyll.l,eCTBJJSleTCSJ B COOTBeTCTBJ1l1 C «flOJIO)KeHHeM 

0 m1u.eH3HpOBaHl111 ,[leSITeJlbHOCTH B 06nacn1 11CITOJlb30B3HHSI aTOMHOH 3HeprHH>>. 

Tpe60B3HHSJ K 3KCnnyaT11pyIOll.l,l1M opraHl133U.11SJM no no.n:roTOBKe J1 BHeCCHHIO H3Me­

HeHl1H B rrpoeKTHYIO, KOHCTPYKTOpCKYIO, TCXHOJIOrtt4eCKYIO 11 3KCnJJyaTaU.HOHHYIO ll,OKy­

MCHT3U,11!0 ycTaH3BJ111B3IOTCSI ,[IOKyMeHTaMli rocaTOMHa,[130pa Pocon1, co.n:ep)K3lil,HMH oc­

HOBHble nOJIO)KeHl1SJ no,1:1rOTOBKH H rrp11HSJTIHI perueHl1H no 113MeHeHHSIM npoeKTHOH, KOH­

CTPYKTOpCKOH, TexttoJJor114ecKoM 113KCnJJyaTaU.HOHHOH ,1:10KyMeHTaU.HH, BJJHSIJOll.l,eH Ha 06ec­

ne,1em1e sr,1:1epttoi1 11 pa,1:111au.110HHOH 6c3onacttocT11. 

Ba)KHOe yCJJOBMe 3cpcpeKTl1BHOCTl1 Ha.[130pHOH ,[leSITeJJbHOCTH rocaTOMH3Jl:30pa Poem» -

npoae.11,ett11e 3KCrrepT113bl MaTep11aJJOB no 060CHOBaH11IO 6e3onaCHOCTH A3C, 3aKJJIO~IeHHe 

KOTOPOH npl1HHMaeTCSJ BO BHHMaH11e np11 np11HSlTHl1 peweHl1Sl O Bbl.11,3'-Ie JIHU.eH3HJ1 H npH 

cpopMHpoaamur ycnoB11H ,1:1ci1cTs11SI n11u.eH3HH. Opratt113au.11SI 11 npoae,1:1euHe 3KcnepTH3bl pe­

rnaMeHT11pyeTc.sr ,[IOKyMeHTOM rocaTOMH3,[130pa Pocc1111 0 nopSJ,[IKe npOBC,[leHHSI 3KCnepTH3hl 

,[IOKyMeHTOB, o6oCHOBblB3IOW,11X o6ecnc4ett11e Sl,[lepHOH 11 pa.n:11au.110HHOH 6e30IJ3CHOCTH 

Sl,llepHOl1 ycTaHOBKl1, pa,1:111au.110HHOro 11CT0l.JHl1Ka, nyHKTa xpaHeHl1SJ 11/11JJH 33SIBJJeHHOH 

.[leSJTeJJbHOCTl1. 

TTpoBe,[ICHHe 3KCnepTM3bl SIBJISJeTCSI KOMnJJeKCHOH 3a,[la4eH 11 rrpe.n;noJJaraeT paCCMOT­

peHMC BCCX acncKTOB o6ocHOBaHl1SJ 6e3onaCHOCTl1 A3C, BKJII043SJ ou,eHKY JTOJIHOTbl npo­

BC,[leHHOro :::>KcnnyaT11py10ll.l,CH opraHl13au.11ei:-t attan113a cooTBeTCTBHSI 3Hepro6noKOB A3C 

Tpe6oaaHl1SIM HOpMaTHBHblX ,[IOKyMeHTOB (HD,) rocaTOMH3,[130pa POCCJ,UI, ou.eHKY .n:ecpHU.HTa 

6e3onaCHOCTl1 11 paH)K11pOBKY BhlSIBJleHHbtX OTCTynJJCHl111 no HX 3Ha~rnMOCTl1 .[IJISI 6e3onac­

HOCTl1, ou.eHKY 3Q)Q)CKTl1BHOCTH Meponp11S1THH no MO,llepHH33U.11H Cl1CTeM, B3:>KHbIX ,ll.JISI 6e3-

onaCHOCTl1 A3C. 

3KcnepTHaSJ ou.eHKa 6e3onaCHOCTl1 :::>KCnJJyaTaU.J.111 A3C BbIIlOJIHSICTCSI no HHQ)OpMalJ,lUf, 

co,1:1ep)Kaw.etksi B 06ocHOBhrna10ll.l,11x 6c3onacttocTb A3C MaTep11anax, npe,1:1cTaBJJS1eMhIX a 

COCT3BC ,[IOKyMeHTOB Ha TIOJJytJ.eHHe Jl11U.eH31UI Ha :::>KcnnyaTaU.HIO 3Hepro6noKa A3C. 
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K H3CT051ll(CMY speMeHK H3KOnJleH onpe}].CJleHHblM OnhlT npose/].eHIUI 3KCnepTH3bl KaK 

s paMKax ocymecTBJJ51eMoro focaTOMHaA3opoM Pocc111,-1 npou.ecca J111u,ett311p0Batt1151 A3C, 

T3K 11 B paMKax MC)KJl.yHapO/l.HblX npoeKTOB no atta11113y 6e3onaCHOCTl1 }].eHCTBYJOI..IJ,11X 3Hep­

ro6JIOKOB A3C Poce1111, 6a311py10m11xc51 Ha psr}].e HOpMaT11BHh1x 11 pyKOBO/l.SlII..\HX .n:oKyMeHTOB 

rocaToMtta.n:3opa Pocc1111 11 peK0MeH.n:au.11srx ao npose.n:ett11t0 aHan113a 6e3onacttocT11 

MArAT3 [l ). 
C 1991 r. MArAT3 JJ.JJ51 ou,eHKH np11eMneMOCT116e3onacHocT11 cTattu,1111, nocTpoeHHbIX 

no 6oJJee paHHHM CT3H/l.3PT3M, pa3pa6aTblB3IOTC51 06m11e nO/].XO.[(hl 11 peKOMeH.[(3U,HH, B 

0CHOBY KOTOpbIX ITOJIO)Ketta KOHU,enu,1151 rJJy6oKO 3IIIeJIOH11p0B3HHOH 331Il,HTbI, BKJIJOt{3JOI..IJ,a51 

B ce6sr CHCTeMy cj)l13114eCKHX 6aphepoB Ha nyTl1 pacnpoCTpaHeHHSl HOHH3Hpy10mero H3Jly­

t{eHl151 11 pa)J.H03KTHBHhIX Bel..IJ,eCTB B OKpy)KalOlll,YIO cpe.n:y 11 opraHH33U,HOHHO-TeXH114eCKHX 

Mep, o6ecnel!HB3IOI..IJ,HX U,eJJOCTHOCTb 3THX 6apbepos [2 ]. Ou,eHKa rny6oKO 3IIIeJIOH11p0B3H­

HOH 33Il..\11Tbl srnJJsreTcsr KJJJO'leBhlM MoMeHTOM noAXO/l.OB, peK0MettAyeMb1x MArAT3 no atta­

JIH3Y 6e3onacHocT11 .n:ewcTBy10mnx ::mepro6noKos A3C. 

Heo6XO/].HMO OTMeTl1Tb, l!TO Ha cerO.[(H51WHl111 /].eHb OTCYTCTBYIOT pa3pa6oT3HHbie B )J.0-

CT3TOlIHOH CTeneHH MeTOJJ.HKH 3KCnepTHOH ou,eHKl1 6e3onaCHOCTl1. YKa3aHHhie BhJWe Ma­

Tep11aJihl 51BJI51IOTC51 xopornew OCHOBOH )J.Jl51 pa3pa60TKl1 opraHH33U,HOHHblX npou,e}].yp 11 06-

IJ..\HX peKOMeH)J.3U,11H no npoBe.n:emuo 3KCnepT113bl, HO KaK npaBHJIO He COJJ.ep)K3T KOHKpeTHblX 

MeTOJJ.11K H nO.[(XO/].OB /].JI51 noJiyl!eHHSl 3KCnepTHhlX ou,eHOK 6e3onaCHOCTH 3Hepro6JIOKOB A3C. 

Bh1mecKa3aHHOe onpeJJ.eJisreT B3)KHOCTb H 3KTY3JibHOCTb 33JJ.34H pa3pa6oTKl1 3KCnep­

THhlX IlO.[(XO/].OB 11 MeTOJJ.HK .[(JI51 ou,eHKl1 6e3onaCHOCTl1 3Hepro6JIOKOB A3C. 

Ilp11MepoM attaJIH33 6e3onaCHOCTl1 3Hepro6JIOKOB A3C, npoBe)J.eHHOro B COOTBeTCTBl1H 

c peK0MeHJJ.au.11srM11 MArAT3 no ou,ettKe rny6oKo3wenott11posaHHOH 3aW.HTbI, MO)KeT cJiy­

)KHTh Bhmo1rnettHasi B paMKax Me)KJJ.yttapo.n:ttoro npoeKTa yrny6Jiettttasr ou,ettKa 6e3onac­

ttocrn (YOE) AJISJ J1rttaJI11ttcK011 A3C. Ilp11 3Kcnepn13e pe3yllbTaTOB YOE J1A3C 6hIJI 

HCnOJib30B3H IlO/].XO.[(, OCHOB3HHblH Ha npe.n:noJIO)KeHl1H, l!TO ll.1151 33ll(HTbl OT ITOCJle}].CTBHH 

HCXO.[(HbIX co6hITHH (J1C) Tpe6yeTC51 HeKOTOpoe KOJIHlleCTBO CHJlbHblX H CJ1a6bTX «Jll1HHH 

33II..\HTbI», ou,eHKa KOTOpbIX npOBO.[(HTCSl no KJIIOlleBblM cpaKTOpaM (CT3HJJ.3PTHbIM BO□pocaM): 

Q - Kal!eCTBO npoeKTa H ero peaJIH33U,1111, HCilblT3HH51, KOHTPOJib H TeXHHlleCKOe o6-

CJIY)Kl1B3HHe; 

R - CTeneHh pe3epBHpOB3HH51 QJYHKU,1111 6e3onaCHOCTH 11 YCTOH411BOCTb CHCTeM 6e3-

onaCHOCTH: K eJJ.HHJfl!HOMY OTK33y, BKJII04351 e/].11HH4HYIO Ol.IJH6Ky nepCOHaJia; 

A - 3BTOM3Tl13311,l151 BbIIlOJIHeHHSl QJYHKU,1111 6e3o□aCHOCTH J,f TeXHH4eCK351 33llJ,HII~eH­

HOCTh Cl1CTeM 6e3onacHOCTJ,f OT HeCaHKU,110HH:pOB3HHOro BMeJllaTeJihCTBa. 

YKa3aHHbie KJIIO'!eBble Q)aKTOpbl (CT3HJJ.3PTHble sonpOCbl) B onpeJJ,eJieHHOH CTeneH11 

oTpa)KaJOT Tpe60Batt11sr JJ.e11cTBYJOW.H:X poccmkKH:X HLI, [3, 4 ). 
3KcnepTHhlH nOJJ.XOJJ. ou,ettK11 npose)J.ettttoro aHan113a 6e3onacttocTH: YIA3C 11cnoJih30BaJI 

CJ1e.n:y10my10 Knaccucp11Kau,H:10 (KaTerop113au,H:10) noCJ1e.n:cTB1111 MC: 

V - ttapyrnett11e npoeKTHbIX npeJJ,eJIOB JJ.JI51 TOnJ111sa, KOTOpoe He 51BJl51eTC51 /l.OCT3T04-

HblM JJ.JI51 Toro, lJT06bi Bhl3B3Tb pac□JiaBJieH11e TOnJIH:Ba 6onee tfeM B OJJ.HOM KaHaJie; 

L - nospe)K.[(ett11e He60JibIIIOro l!H:CJla KaHaJJOB B npe)J.eJJax npoeKTHOH MO~HOCTH CH:­

CTeM c6poca .n:asnett11sr 113 PIT 11 CJIA; 

M - pacn11aBJieHHe aKTH:BHOH 30Hbl, KOTopoe He npHBOJJ.HT K IlOJIHOMY OTKa3y 3a~HT­

HOH 06onol!K11 11n11 CJIA; 

A - asapH:51 C pacTIJiaBJiemreM aKTHBHOH 30Hhl, npHBOJJ.SlllJ,351 K KaTaCTpOcj)HtfeCKOMY 

pa3pymett1110 3ttepro6JioKa. 

Ilo}].06ttb1e KaTerop1111 noCJ1e.n:cTs11if J1C ncnonh3YIOTC51 " B paMKax seposrTHOCTHoro 

attaJIH33 6e3onaCHOCTH: 

s - COCT051Hl1e 6e3 npeshlIDeHHSl npoeKTHhIX npe.n:enos; 

V - COCTOSIHHe C ttapymeHHeM npoeKTHblX npe)J.eJIOB, HO 6e3 TSl)KeJIOI'O TIOBpe)K,n:eHHSl 

o6onol!eK TB3Jios; 

D - nospe)Kll.ett11e o6onol!eK TB3nos s ttecKOJlbKHX TK; 

A - COCTOSlHHe C IJOTepeH repMeTHl!HOCTH peaKTOpttoro npocTpaHCTBa. 
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BblSIBJTeHHble npH aHaJTl•l3e 6e3onaCHOCTH OTCTynJTCHIHI OT Tpe6osam1H AeHCTBYJOll..lHX 

poccHHCKHX HD: "' MC)KAyHapOAHhlX HOPM no 6e3onaCHOCTH 6blJIH pa3,neJTeHhl Ha CJTeAyJOll..{He 

KaTeropHH, xapaKTep1,13yromHe CTeneHb HX BJTHSIHHSI Ha 6e3onaCHOCTh: 

NT - ::>KCnJJyaTaU,HSI ,nonyCTHMa TOJlbKO noCJTe peaJJH3aU.HH MeponpHSITHH, ycTpaHSI­

JOl.ll,HX HJIH KOMTTeHCHpyromwx Aeq:>m..1;11T 6e3onaCHOCTH; 

TS - ::>Kcn11y,1TaU.HSI ,nonycTHMa Ha KOpOTKHH nepHOA speMe HH , B TeLICHHe KOToporo 

AOJI)KHbl 6bJTb peaJIH30BaHhl MeponpHSITIHI, KOMneHc11pyrom11e Aeq:>HU.HT 6e3onacHOCTI1; 

TL - ::>KCnJ1yaTau,11SI AOnycTHMa Ha AJIHTCJihHbIH nepHOA apeMeHH, Peam13au,1rn KOM­

nettcHpyt0m11x MeponpHSITHH u.eJiecoo6pa3Ha, CCJTH 0HH peHTa6eJihHbl H He SIBJISIJOTCSI CJIO)K­

HblMH; 

MS - ypoBeHb 6e3onaCHOCTH, KOT0pbIH YAOBJICTBOpSieT COBpeMeHHblM CTaH,!I,apTaM. 

B paMKax noAxo,na «JUIHHH 3al.ll,HThI» KaTerop1rn 3al.ll,Hl.ll,eHHOCTH (NT, TS, TL, MS) 
3Hepro6JioKa OT paccMaTpHaaeMoro J1C, npHB0,!I,Sil.ll,Cro K noCJTe,!I,CTBHSIM THna V, L, M, A, 

onpe,neJISieTCSI K0JIHLieCTBOM onpe,neJJCHHblX CHJibHblX 11 CJia6hIX «JIHHHH 3alll,HTbI>>. Pe3yJih­

TaTbl 3H3JII133 6e3onaCHOCTH npeACT3BJICHbl Ha AHarpaMMe OU.CHKH 6e3onaCHOCTl1 [7' 8 ], 
AttaJIH3 6e30TT3CHOCTH, BblnOJIHCHHblH C TTOMOl.ll,blO AaHH0ro MCTO,!I,HLICCKOro no,nxo,na, 

HOCllT KaLJCCTBCHHblH xapaKTCP J,I HC AaeT K3KHX-JIH6o KOJll,fl(eCTBeHHbJX ou.eHOK 6e3onac­

HOCTH, KpoMe Toro, AJISI HCTT0Jlh30B3HHSI MeT0A0JIOrHH «JIHHHH 331.ll,HTbl» B Kal.JeCTBe 3KC­

nepTHOH MeT0AllKH ou.eHKH 6e3onaCHOCTH ::rnepro6JIOKOB pocCHHCKHX A3C He06XO,!I,HMO Bbl­

TT0JIHHTb ee 3AaTTT3U.HJO H KOHKpen13au,11io C YLICTOM pOCCHHCKOH HOpMaTHBHOH 6a3bl , BKJIIO­

LiaSI: 

- AeTaJTH33U.HJO KJIJOLieBblX cpaKTOpOB (CT3HAapTHbJX BOnpOCOB Q, R, A); 

- KoppeKTHoe onpe,!I,eJTeH11e rpaHHU. 06J1acTe11 ,!I,OnycTHMhlX (TS, TL, MS) 11 He,!I,onyc-

THMhlX (NT) coCTOSIHHH 6e3onacHocTH; 

- KOHKpeTH3aU.HJO IlOHSITHH COCTOSIHHH 6e3onaCHOCTH, KOr,!I,a 3KCn11yaTaU.HSI 3Hepro-

6110Ka A3C ,nonycTHMa Ha KopoTKoe speMSI (TS), Ha AJ1HTeJT1>Hoe BpeMSI (TL), 11 cocTOSIHHii 

6e3onaCHOCTH (MS)' COOTBeTCTBYJOl.ll,HX cospeMeHHblM CTaHAapTaM, 

B ,!I,3HHOH pa6oTe TTPCAJiaraeTCSI MCTO,!I,HKa AJISI 3KCnCpTHOH ou.eHKH 6e3onaCHOCTH :mep­

ro6JIOKOB A3C, B KOTOpOH HCTTOJlb3YJOTCSI OCHOBHhle TTOHSITllSI MeT0,!I,HLieCKOrO n0,!I,X0Aa «JIH­

HHH 3al.lJ,HTbI>> H, B OTJIH1-lHC OT TTOCJie,nHero, COACp)KaTCSI 11X onpe,!I,eJICHHSI C TT03HU.HH Tep­

MHHOJIOrHH pOCCHHCKHX HD:. TTpe,!I,JiaraeMaSI MCTO,!I,m<a HCTTOJlh3yeT IlOHSITHe pHCKa KaK 6a-

30B0ro npH aHaJIH3e 6e3onaCHOCTH l,f TTOJIYLICHHH KOJIHlfeCTBeHHblX OU.CH0K 6e3onaCHOCTH. 

PaccMaTpHBaJOTCSI IlOHSITHSI «npe,!I,eJihHO ,!I,OilYCTHMOe BpeMSI» :JKCnJiyaTaU.HH B COCTOSIHHH 

C 3a,!I,aHHOH BeJIHLIHHOH pHCKa, «Aeq:>HU.HT 6e3onaCHOCTH>>, C00TBeTCTBYJOlll,HH HMelOl.lJ,HMCSI 

OTCTYTIJieHHSIM OT Tpe6oaaHHl1 HD:. KoJIH4 eCTBeHH3SI xapaKTepHCTHKa 3 cpcpeKTHBHOCTH M0-

AepHH33U.HH onpeAeJISICTCSI KaK BeJIHLIHHa ycTpaHSieMoro (KOMneHc11pyeMoro) ,!I,eq:>HU.HTa 

6e30Il3CHOCTH. 

B npeAJiaraeMOH MeTOAHKC TTOHSITHe «pHCK» paccMaTp[,!BaeTCSI C y'-leTOM npHHSITbIX B 

(7] TT0AX0AOB H npeACT3BJieHHl1. D:11si K0JIH4CCTBCHHOl1 xapaKTCpHCTHKH BeJIH4HHbI pHCKa 

(R) TTOHSITHe <<PHCK» HCTTOJib3YCTCSI B 3H34CHHH, 0XB3Th1Bat0w.eM KaK BCpOSITHOCTb J1C (se­

pOSITH0CTHaSI KOMn0HeHTa pHCKa (p)), TaK 11 ero noCJTeACTBHSI (KOMTTOHCHTa pHCKa (d), 

K0JIHLieCTBeHH0 xapaKTepH3YJOl.ll,aSI IlOCJle,!I,CTBHSI J1C) : 

R = p·d. (1) 

BepOSITHOCTHaSI KOMTT0HeHTa pHCKa (p) ecTeCTBCHHbIM o6pa30M SIBJISieTCSI K0JIHl.JeCT­

BeHHOH xapaKTepHCTHKOH, 0,!I,HaK0 cymeCTBYJOT onpeAeJieHHhie TPYAHOCTH B ee ou.eaKe, 

CBSl3aHHhie, rJiaBHbIM o6pa30M, C He,!I,OCTaTKOM CT3THCTH4CCKOH HHq>OpMaU.HH no OTKa3aM. 

B npe,!I,JiaraeMOH MeTO,!I,HKe ,!I,JISI KOJIH4eCTBeHH0H xapaKTepHCTHKH KOMTTOHCHTbl pHCKa (d) 

HCTTOJih3yeTCSI TI0,!I,X0,!l, K KJTaCCHq:>HKau.110 nOCJTe,!l,CTBHH, OCH0BaHHblH Ha H,!I,eSix, 3aJIO)KCHHbIX 

B K0HU,enu.1111 rny6oK03WeJIOHHpOB3HHOH 3aW.HTbl. OCHOBHblM npHHU.HilOM TTOAX0Aa SIBJISl­

eTCSI KOJHtlleCTBeHHaSI xapaKTepHCTHKa nocJTeACTBHH no CTeneHH ttapymemrn u,eJI0CTH0CTH 

11 pa60Tocnoco6HOCTH 6ap1,ep0B 6e3onaCHOCTH . l1CXOASI H3 onpeAeJTeHHSI q:>113111.JeCKHX 6apb­

epoB 6e3onaCHOCTH, 33 KOJIH'-leCTBeHHYJO xapaKTepHCTHKY CTe neHH HX u;eJI0CTH0CTH H, CJTe-
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AOBaTeJJbHO, pa60Tocnoco6HOCTl1 MO)KHO npHHSITb KOJll1'-leCTBO paAl103KTHBHblX TIPOAYKTOB, 

BblXOA KOTOpblX 3a rpaHHU.Y 6ap1,epa 6e3onaCHOCTH noTettu.11aJ1bHO B03MO)Keff np11 ero pa3-

pymett1111. TaKOH nOAXOA KOppecnOHAHpyeTCSI C AeTepM11Hl1CTCKl1M DOHSITl1CM noCJJe,o.cTBl1H 

K3K KOMnOHeHTbl p11CKa, 11cnoJ11,3yeMbJM B [7 1. 
B OTJll1411C OT no.o.xo.o.a «Jll1Hl111 33- I ,-----------------~ 

lll,11Tbl>> B KOOp~MHaTHOH ceTKe JJ.HarpaM- -8 
Mbl ou.eHKl1 6e3onaCHOCTl1 npe,o.JJaraeMOH ;a. 10·

1 

MeTo,o.11K11 (p11c. I) 11cnon1,3yioTcsi KOJJ11- i~c: 10.2 

YeCTBCHHble xapaKTepHCTl1Kl1 BepOSITHO-

CTHOH KOMTIOHCHTbl p11CKa (p) 11 KOMTIO- ~ 10·
3 

TL TS 

O6nacn. 
IIC)l0ll}'CTHMMX 
COCTOIIIIHH - NT 

NT HeHTbl pttCKa (d)' xapaKTep113yiolll,e11 no- ~ 10-' 

cne,o.CTBHSI J1C. Koop,o.ttHaTttasi ceTKa B ~ O6nacn..no11ycTHMi.1x 

06ru;11x '-!epTax aHaJiorHY.Ha .o.11arpaMMe ; 105 COCTURHllii - MS 

<l>apMepa f8], np1rneAetttto11 Ha p11c. 2. i 
BepxHS1S1 JIHHHH (NT) tta AttarpaMMe -

ou,eHKl1 6e3onaCHOCTl1 COOTBeTCTByeT ! 
rpaH1111,e o6nacn, He,o.onyCTl1MblX COCTOSI­

HHH 6c3onaCHOCn1, r.o.e BeJIHLIHHa p11CKa 

6oJJhUJe .o.onycn1.Mo11 sen11t111tt1,1. CaMa 

rpatt1111,a COOTBeTCTByeT Kp11BOH nOCTOSIH­

HOro pttcKa (R = CR) H onpCAeJIS1CTCS1 co- " 

OTHOllleH11eM ~ 
(2) ~ 

10·5 10-' 10 10" 
Tioc11eJlCTe1111 MC, OTH. e.n. 

PHC. I. Jl11arpaMMa OU,CHKH 6c30naCHOCTH 

Henonycnu,taR 10Ha 

p·d =CR= const. 

KOMilOHeHTbl pHCKa p l1 d SIBJJSIIOTCSI 

He3aBHCl1MbIMl1 BeJIHY.HHaMH. TTp1rne,o.eH­

HOe BhIJile COOTHOrnem-,e onpe,o.eJISICT He-

i 0, I CraT0•111b1ii 

KOTOPYIO HX BbI,O.eJieHHYIO COBOKYTIHOCTh, 

0,0.H03HaY.HOe COOTBeTCTBl1e HJil1 cpyHKU,11-

0H3JlhHYIO 33B11Cl1MOCTb, KOTopaSI OTpa­

)K3eT TO o6CTOSITeJihCTBO, lfTO 3HaYett11e 

K0HCTaHThI CR onpe.o.em1eTCS1 Tpe60Batt11-

S1M11 HLI:. 

~ '2 (HeyCTpa1111-

l ! Mblii) PIICK 

aM 
,S 0004 i ' 
i 
g 
i:: 

l'HcK aeap11it, r1-
TeHHb1H n npoetrrc 

(npOCKTHblC 

Bcpo11T11ocr1, 

P•tcK oTKa3oB H 

uapywem,ii 
npH IIOpManbHOH 

3KCrlJI aTal.lHH 

P~1c. 2. )l11arpaMMa <t>apMepa 

Jhrn1111 TS 11 TL s1,1,o.e1rn10T 06nacT11 cocTOSIHHH 6e3onacttocT11, np11 KOTop1,1x .a;onycT11Ma 

3KCnJiyaTaU.11SI 3Hepro6noKa A3C s Telfett11e BpeMett11 T 1 11 T2 .o.o MOMCHTa peaJI113a11,HH 

MeponpHSITHlf' KOMnettc11py10ru;11x HJIH yCTpaHSIIOIJ.(11.X COOTBeTCTBYIOIJ.(1111 .o.e¢1111,HT 6e3onac-

HOCTH. 

JI11tt11SI TS onpe.o.enS1eTCSI cooTHornemrnM11: 

Pt·d = const = CR 

HJUl. 

pt·d = const/T 1 = CR/T" 

Pt= f p(t)dt, pt= f p(t)dt/T1 

11JIH 

Pt = p0 · T 1, ecmt p(t) = const = p0• 

(3) 

O6naCTb COCTOSIHHH, 3KC□JJyaTaU,HSI np11 KOTOpblX B03M0)KH3 He 6onee t(eM B TeYeH11e 
8PeMeH11 T 1, orrpe,o.e.rrneTcsi ttepaseHCTBOM 

pt·d ~ const/T
1 

= CR/T1• (4) 
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l1Jll1 

r.D,e 

11JIM 

Jh1H1rn TL 11 cooTBeTCTBYIOUWSI o6JiaCTb coCTOSIHMH onpe.L1,eJIS110TCS1 aHaJIOrH'rHO: 

Pt·d = const = CR 

pt-cl= const/T2 = CR/T2, 

Pt= f p(t)dt, pt= f p(t)dt/T2 
T 

2 

Pt= p· T 2, eCJI11 p = const, 

p·d 2!'. const/T2• 

(5) 

TTOHSITl1e «npe.D,CJibHO JJ,OnyCTl1MOe BpeMSI» 3KCnJiyaTau.m, B COCTOSIHl1l1 C 33.Ll,3HHOH Be­

Jil14HHOH pwcKa KOJIJ,flfeCTBeHHO MO)KHO xapaKTCp1130B3Tb HHTepBaJIOM BpeMeHl1 /:,.t, Ha KO­

TOPOM l1HTerpaJihH3SI BepOSITHOCTb (Pt) HCXO.lJ,HOro co6bITHSI C noCJie.D,CTBl151Ml1 (d) HMeeT 

3Ha,rett11e, npH KOTopoM BCJ1Ml111Ha p11cKa R = Pt· d rrona.D,aeT Ha rpaHHU.Y o6JiaCTH .L1,ony­

CTHM1>1x COCTOSIHHH Ha i:01arpaMMe ou.eHKH 6eaonaCHOCTH. 

l1Jll1 

d·f p(t)dt = CR 

/:,./ 

d·/:,.t·p0 = CR, ecJIH p(t) = p0 = const, 

/:,.t = CR/(pt·d). 

(6) 

TToHSJ:THe «Ae¢111.1,11T 6eaonacHOCTl1» onpe.D,eJISJeTCSI .Ll,JISI COCTOSIHHH 6eaonaCHOCTH, xa­

paKTep11ay10ll.l,HXCSI seJU1,111HOH pHcKa R = p · d HJIH R = Pt· d (3ACCb Pt - sepoSITHOCTb Ha 

33.D,aHHOM HHTepsaJie BpeMCHH) B He.D,onyCTHMOH 06J1acn1 Ha .lJ,HarpaMMe ou.eHKH 6eaonac­

HOCTH. KoJIHlleCTBCHHO Ae¢11u.11T 6eaonaCHOCTl1 MO)KHO onpe.D,eJIHTb seJIHlJHHOH pa3HHU.bl 

DR(pg, dg; p, d) = (Rg = pg·dg) - (R = p · d) 

l1Jll1 
(7) 

DR(pg, dg; Pt·d) = (Rg = pg·dg) - (R = Pt·d), 

r.D,e pg l1 dg COOTBeTCTBYIOT rpatt11u.e 06J1acn1. uonycnIMblX COCTOSIHHH Ha .lJ,HarpaMMe ou.eHKH 

6eaonaCHOCTH. 

Heo6XO.Ll,J1MO OTMeTl1Tb, 4TO .lJ,3HHOe Bblllle onpe.D,eJieHHe «.ne¢11u,11T 6eaonaCHOCTH>> He 

BOOJIHe 0)];H03H34HO, TTOCKOJibKY rpaHHU.3 o6JiaCTH ;:i:onyCTHMblX COCTOSIHHH SIBJISleTC51 MHO­

)KeCTBOM TOlleK l1 BeJil14HHa ,1J.e¢111.1,11Ta 6eaonaCHOCTH 3aBl1Cl1T OT BbI6opa TOl!KH (pg, dg) 
Ha .lJ,l1arpaMMC ou.eHKl1 6eaonaCHOCTH. KoHKpeTHee ,1J.e¢111.1.HT 6eaorraCHOCTH MO)KHO onpe­

;:,:eJIHTb KaK 

DR= min (DR(pg, dg; p, d), 
{PK,dK} 

DR = min (DR(pg, dg; Pt, d). 
{pulg} 

(8) 

T04Ka (pg, dg) COOTReTCTByeT Ml1Hl1MaJlbHOMY paCCTOSIHHIO tlO rpaHHU,bl o6JiaCTH He­

,ll.OITYCTl1MhlX cocTOS1H1111 6eaonacHOCTH (NT): 

DR= DR(pg = p, dg; p, d), DR= DR(pg = p, dg; Pt, d). (9) 

To•1Ka (p, dg) COOTBeTCTBYCT ycTp,IHeHHJO JJ,Cqmu.~na 6eaonaCHOCTl1 3a Cl!eT CHH)KeHHSI 

noCJie.D,CTBHH J.1.C 6ea H3MCHeHHSI 3Ha4eHHSI sepOSITHOCTHOH KOMTIOHeHTbl: 

DR= DR(pg, d = dg; p, d), DR= DR(pg, d = dg; Pt, d). (10) 

Tot1Ka (pg, d) COOTBeTCTByeT ycTpaHeHHIO Ae¢HU.HTa 6eaonaCHOCTH 3a ClleT CHH)KeHHSI 

sepOSITHOCTH J.1C 6ea H3MeHeHHSI 3H34CHHSI KOMITOHeHTbI TTOCJie.D,CTBHH. 
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Bse)leHHOC BblWC DOHSITl1e «)lecjmu.HT 6e3onaCHOCTl1» 11 ero KOJIHlJeCTBeHHast xapaKTe­

pHCTHKa DR (7) n03BOJl5IeT )laTb onpc)leJICHl1C KOJl114CCTBeHHOH ou.eHKl1 ::>cpcpeKTHBHOCTl1 

MOJlepHH3al.l,Hl1 ::>Hepro6JIOKa A3C. 3cpcpCKTl1BHOCTb MOJlepH113aU.H11 MO)l(eT 6hJTb onpe)le­

netta KaK BCJ111'111Ha ycTpaHsteMoro (KOMnCHCttpycMoro) )lecp11u.11Ta 6e3o□aCHOCTH: 

!}.DR= DR(Po, do; P1, d,), (11) 

DR(Po, do; Pp d,) = (R = Po·do) - (R = P1 ·d1), 

r)le Po, do 11 P1, di - 3Ha4eHHSI sepostTHOCTHOJ1 KOM□OHCHTbl p11CKa 11 KOMnOHeHTbl p11CKa, 

KOJ1Hl1ecTseHHO xapaKTep113y10w.e11 noCJ1CJlCTB11S1 HC, JlO 11 noCJie MOAeptt113au.1111 cooTseT­

CTBeHHO. 

TT3pll,i-taJTbHY10 ::>cpcpeKTl1BHOCTb (::>cpcpeKTl1B HOCTb no KOMnOHeHT3M) MO)l(HO onpe)leJTHTb 

KaK 

- ::>cpcpeKTHBHOCTb 33 CllCT CH11)1(ett11st sepoS1THOCT11 HC; 

!}.DR = DR(po, do; Po, di) 

- 3cpcpeKTl1BHOCTb 33 C4CT CHH)l(eHl151 nOCJICACTBl1i1 HC. 

(12) 

TTpe)lCT3BJleHHbll1 BbIUle nO)lXOJl K 3KCnepTHOl1 ou.ettKe 6e3onaCHOCTl1 3Hepro6JTOKOB 

A3C npeAnOJJaraeT npwttu.11n11aJThHYIO B03MO)l(HOCTh OU.CHKH noCJ1eJlCTs1111 (d) 11 sepoS1T­

HOCT11 (p(t)) paccMaTp11B3CMOro HCXOAHOro co6bIT1151, BKJTJ04351 sepOSITHOCTb peam-rnau.H11 

KOHKpeTHOro cu.ettap1151 pa3Bl1Tl151 asapHH. 

Ou.ettKa nocJICJlCTBl11!1 (d) HC 11 cooTBeTcrnyiow,11x asap11nttb1x npou.eccos s HacToSiru;ee 

speMSI □ p0B0Jll1TC51 C HCII0Jlb3083H11CM OTe4eCTBeHHb!X HeihpOHHO-cpl1311'1CCKHX KOJlOB 

(STEPAN, SADCO ) 11 3apy6e)l(tth1x KOHTYPHhIX Tennor11)lpasJI11,1ecK11x KOAOB (RELAP H 

ATHLET). TTepelrnCJ1CHHb1e KO.ll.hl no3BOJJSIIOT ou.ettwsaTh nocneACTBl1SI asap111!1 B TepMHHax 

ttapywemrn u.enocTHOCT11 6ap1,epos 6e3onarnocT11 K3K cpyttKU.1111 ttapywemrn 3KcrmyaTa­

U.HOHHhlX rrpe,neJIOB, rrpeACJIOB 6e3onaCHOl1 3KCnnyaTau.1111 11Jll1 npoeKTHblX rrpe)l'CJIOB. J],JTSI 

Ol.l,CHKl1 KOJil14CCTBa P3A1103KT11BHblX rrpo.n.yKTOB AeJICHJI.SI, Bb!XOJl51UJ,11X 33 rpaIDIIJ;bl 6apb­

epos 6e3onaCHOCTl1 npw HapyweHl111 HX l.l,CJIOCTHOCTH, tteo6xo)ll1MO 11cnOJ1b30BaTb cneu,H-

3JlbHhle paC'ICTHblC KOJlbl. 

B rrpe,ncTaBJICHHOH BbII.De MCTOJlHKe AJTSI Ol.l,CHKH IlOCJICJlCTBl1H asap111!1 rrpHHSITO KOH­

cepsanrnttoe npe,nrroJIO)Kett11c, 4TO np11 pa3pywem111 63pbepa 6e3onacHOCT11 3a ero rpam,:u,y 

BblXOJlSIT see paA1103KTHBHbie TTPOAYKTbl JlCJICHl151, BblXOJl KOTOpblX nOTCHll,113JibHO B03MO­

)KCH. TT pH ITOCTpoett1111 )l11arpaMMbl Ol.l,CHKl16e3onacHOCTl1 B Ka4CCTBe KOJll1l{eCTBeHHOl!I ou.eH­

KH IIOCJTCACTBHH asap111!1 MO)KHO 11CIT0Jlh30B3Tb KOJll1lJeCTBO pa,nwoaKTl1BHb!X npOAYKTOB, Bbl­

XOASIW.HX 3a rpaHHU.W 6apbepos 6e3onaCHOCTl1, HOpM11pOB3HHOe Ha rrpeACJTbHO .nonycTHMYIO 

BCJIH'IHHY, orrpe.n.eJTeHHYJO Tpe6osaHHSIMH HD,. 

Tpy.n.HOCTH B OIJ,CHKe sepOSITHOCTHOH KOMnOHCHTbl p11CKa (p) conpSJ)l(CHhl, rJJaBHbIM 

o6pa30M, C MaJTOl1 CTaTHCTl1KOl1 no OTKa3aM 11JTl1 HCAOCT3TKOM 11ttcpopMau,1111 no Ha)le)KHOCTH 

c0cTeM (3neMeHTOB) A3C, OTKa3hJ KOTop1,1x MOryT CJTY)l(HTh HC asap11»HhIX npou.eccos. 

B paCCMaTpl1BaCMOl1 MCTOJlHKe 3KcnepTHOl1 Ol.l,CHKH 6e3onaCHOCTH 3Hepro6JJOKOB A3C npe)l­

naraeTCSI paCCMOTPCTb TIOAXOA K 01.1,eHKe sep051THOCTHOl1 KOMilOHeHTbl p11cKa (p), OCHOBaH­

Hb[H Ha HCnOJlb30B3Hl111 TeXHH'ICCKHX .n.aHHbIX 11Cnb1TaHHl1 no ttapa60TKe Ha OTKa3, KOTOpble 

Il03BOJl51JOT ou.eHl1Tb sepOSITHOCTb OTKa3a np11 YCJIOBl111, 4TO Cl1CTeMa (3JICMCHT) 113roTOBJTeHa 

H 3KCITJ1yaT11pyeTCSI B COOTBeTCTBl111 C TeXHH4eCKl1Ml1 YCJIOBl151M11, npe,n;ycMOTPCHHhlMH npo­

CKTOM. J],JISI Cl1CTCM HOpMaJibHOW 3KCTIJ1yaTau.1111, HaXOA51lll,11XCSI IlOCTOSIHHO B pa6oTe, y411-

ThlB351 o6w.ee speMSJ 6e30TK33HOH pa60Tbl OAHOT11IlHblX 3JICMeHTOB 11 o6opyAOB3HH51, MO)l(HO 

Il0JJY'll1Tb KOHCepsanrnHy10 Ol.l,CHKY BCp051THOCTl1 OTKa3a. 

EcTeCTBeHHO, 4TO ou,eHKl1 sepOSITHOCTl1 11 nOCJICJlCTBl1W l-1C scer.n.a 11MelOT HeKOTOpyio 

Heonpe)leJieHHOCTb 11 norpewHOCTh. 3To 03Ha4aCT, lfTO n11tt1111 NT, TS 11 TL, orrpe.neJTstrow.11e 

06nacT11 COCTOSIHHH 6e3onaCHOCTl1 Ha .n11arpaMMe ou.ettKH 6e3onaCHOCTJ1, AOJl)l(Hbl 11MeTb 
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onpeJJ.eJJetttty10 urnp1rny, cooTBeTcrny10w_y10 norpeurnocnt ou,eHKH noCJJeJJ.CTBHtl 11 Bepos1T­

HOCT11 J1C. KoppeKTHOe onpe]:ICJJem,e yKa3aHHblX norpelllHOCTeM 5IBJJSleTCSI npHHU,HTTHaJlb­

HblM MOMeHTOM npei:1JJaraCMOH MeTOJJ.HKH, TTOCKOJlbKY nO3BOJJSleT .n;eJJaTb onpe.n;eJJeHHbie BbI­

BOJ1.bl O CTencm, KOHCCpBaTH3Ma npOBOJ:IHMOro aHaJJH3a 6e3onaCHOCTl1. 

TaKl1M o6pa30M, npe.n;11araeMaS1 B HaCTOSlllf.CH pa6oTe 3KCITCpTHaSl MCTO]:IHKa aHaJJH3a 

6e3onaCHocrn: 3Kcn11yaTau,1rn 3Hepro6110KoB A3C HanpaBJJeHa Ha noJJy'-!eHHe CJ1ei:1y10m11x 

KOJIH'ICCTBeHHbJX ou.eHOK: 

- JJ.e<f:rn:u,HTa 6e3onaCHOCTl1, o6ycJJOBJJeHHOro HMe10m11MHCSl OTCTyn11eHHSIMH OT Tpe-

6oBaHHH HJ],; 
- 3cpcpeKTHBHOCTH MeponpHSITHH, HanpasJJeHHblX Ha ycTpaHeHHe l1Jll1 'laCTHl-IHYIO KOM­

neHcau.1110 i:1ecpm1,11Ta 6e3onacttocT11; 

- JJ.OTTYCTHMOro speMeHH 3KCTTJJyaTaU,HH 3Hepro6110Ka C HMeIOmHMCSI JJ.eQ)HU.HTOM 6e3-

onacHOCTl1, B Te'leHHe KOTOporo ]:1OJl.)l(Hbl 6h1Tb peaJJH3OB3Hbl COOTBeTCTBy10m11e KOMneH­

ci:-rpy10w.11e MeponpHS1Tl1Sl. 

YKa3aHHbJe ou,eHKH ITO3BOJISIIOT BblilOJJHl1Tb paH>I<HpOBKY HMeIOmHXCSI HeCOOTBeTCTBHH 

:mepro6110Kos A3C Tpe6osaHHSIM HJ], no 11x 3tta'IHMOCTH J:11151 6e3onacttocT11 H no11ylJHTb 

ou,eHKY ypORHSI 6c3onaCHOCTl1 3Hepro6110Ka, JJ.OCntrHyToro B pe3yJJbTaTe npose.n;eHHOH MO­

i:1eptt1133U,1111. 
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SI,11,EPHhIX YCTAHOBOK 11 BOilPOChl HOPMATHBHOro 

PEI'YJIMPOBAHHSI IlPOTMBOABAPMHHhIX MEPOTIPMSITMH 
P.B. Hww.11.bc,cuii., C.E. Op.11.oa, A.Jf. CanmKHUKoa, I'ocamo.M.1taa3op Poccuu, 

B.Il. I'op6y1toa, B.B. MaK.11.a,coe, HTI..{ 5/PE 

HacTOSll.l.(USI CTUTbSI H311HCaHa no MaTepHaJlaM ,llOKJIU,llOB, npe,llCTaBJleHHblX pOCCHHCKOH CTOpOHOH Ha COCTO­
SIBWeMCSI 25-28 OKTS16p11 1999 r. B rocaTOMH3,ll30pe POCCHH POCCHHCKO-aMepHKaHCKOM ceMJ.rnape Ha TeMy «YlleT 
11 aHUJl113 HapyweH11i\'1 B pa6oTe HCCJie,llOBaTeJibCKHX IIAepHblX yCT3HOBOK (M:51Y) 11 npe,11npw11n111 TOOJI11BHOro 
l.lHKJl3 (flTU)», npoBO,ll11BWCMCSI B C0OTBeTCTBl111 C ITp0TOK0JIOM O COTPYAHH•teCTBe Me>KAY rocaTOMH3,ll30pOM 
Pocc1111 11 MHHHCTepcTB0M J11epreTHKl1 CUlA (OT 19. I 2.1998). B XO,lle ,llHCKyCCl111 Ha CCMl1Hape 6hlJIO OTMe'-leHO, 
'ITO 110,llXO,llbl K UH3Jll13Y Hapywe1111~1 H y<1ery C06b1THH 113 HCCJle,llOBaTeJlbCKHX SI,llepHblX ycTaHOBKax B Pocc1111 H 
CUlA no MHOr11M n0311llHSIM conna,11at0T H ue 11Met0T np11111(11nHaJ1hHblx pa3Jl11•111YJ. 
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--
FAILURE /\!\/\LYSIS IN OPERi\TION OF RESEi\RCI I \JUCLEi\R INSTi\l Li\TIO,S i\\iD E\H, RGE\iCY 

MEASURES REGL'Li\TIO\ ISSL,ES . R.V. :\ICKOLSKI , S.lo. ORLOV , i\ .l. Si\1'0/.1 l'\IKOV, V.I' . GORBUNOV , 
V.V . \li\KLi\KOV . The paper, an: being analyzed, which h,1d bee n pre,cnlcd by the Ru~sian ,idc at the Ru,, ian ­
i\mcrican Workshop ,,Acrnu11ti11g ror and i\nalysi, or Failure, in Opernlion of Re,earcl1 \uclca r Installations (RN[) 

and Fuel Cycle Fa cilities (l 'CJ,'J», held in Gosatomnadzor or Rus,ia. In the course of discussion at the Workshop 

it was pointed out, that the approaches to the failure analysis and events accounting at the research nuclear installations 
in Russia and US/\ coincide in many points and have 110 principle dirferences. 

J. CPABHHTEJlbHblH AHAJ1113 HAPYWEHl1H B PA60TE 1151Y B 1997-1999 rr. 

roc::tTOMH::tL130p Pocorn s paMKax rocyL1apcTBCHHoro pery;rnposaHIH1 SJLICPHOH 11 paL111-

au,110HHOH 6c3onaCHOCTH HCCJICLI0BaTCJlhCK11X SILICPHhlX ycTaHOB0K (vl5l.Y) OCYLl.lCCTBJl5ICT 

HaLl30p 3a COCT05IHHCM 11X 6c3onaCHOCTl1 np~t JKCnJtyaTaU,HH. noA l1CCJICLIOBaTCJthCKl1M11 

5IL\CPHhlMl1 yc-raHOBKaMl1 nOH~tMalOTC51 11CCJICLIOBaTCJtbCKl1C pcaKT0pht (]II P), Kp11Tl1'1CCKl1C 

(KC) 11 noL1KpHnPIccK11c (n KC) CTCHL\ht, K0Top1,Ic HaX0ASJTC5t R scL1eH1111 Tpex 11111tt11cTepcTs 

(MnttaTOM Pocrnu, M11Ho6pa3osaH1151 Pocrn11 11 Mr1HJKOHOMHK11 Pocc1111) H Tpex caMOCT0-

5ITCJtbHbtX opraH113au,H~I (Poco1ifcKaS1 aKaACMl151 HayK, O61,CL111HCHHblH r1HCTl1TYT 5ILICPHhlX 

11cc.neAOR,1H11 h H Poem ~1cK11 i\ Haytt HhtH u,ettTp «KypttaTORCKnH 11HcT11TyT>>). C Ka>KAhtM roAOM 

npOL\OJt>KaCTC5I COKpal.l..(CHHC ll11CJta J;[51Y, 11Cn0Jtb3YCMblX no Ha3HattCH11IO, B CR51311 C 3a­

TPYLIHHTCJthHblM tjm11aHCOBhlM no,~O>KCH~ICM 11X RJlilLICJlhll,CR, a TaK>KC <<CTapCHl1CM>> vl..5lY. 
B 1998 r. 113 113 vl5l.Y B 3KcnJtyaTaU,11H HaXOLl11Jl<ICb 51 ycTaHOBKa, B COCTOSIHl111.D,Jt11TCJlbHOro 

nepepuna B :JKCnJtyaTau,1111 11 BhlROL\cl r13 :JKCnJtyaTau,111-1 HaXOL\11Jll1Ch 56 ycTaH0BOK, B CTaL\1111 

CTp011TCJlbCTBa WCCTh k15fY' a B 1999 r. 113 109 vl.51Y B COCTOSIHl111 3KCn11yaTau,1111 H3XOL\11JIOCb 

y)KC 50 ycTaHOBOK, B COCTOSIHl111 LIJ111TCJlhHOro nepCphlBa B 3KCn11yarnu.1111 11 BhlBOAa 113 

:JKCn11yaTau,11H 53 yCTaHOBKl1, B CT::tLll1H CTp011TCJthCTBa WCCTb J;[.5lY. OKOJIO 30% vl..5lY, 
HaXOJ:1511.l..(HXOI B 3KCn11yaTaU,Hl1 11JIH B COCT051H1111 LIJ111TCJlbHOro nepcphlB.l B 3KCnJtyaTaU,11H, 

BBCL\CHhl R :JKCn,1yaTau,11t0 30 11 6011cc JICT TOMY Ha3aA, 

OTcyTCTBlfC lt d MOMCHT npOCKT11pOB3Hl1SI 11 BBOL1a B JKCn11yaTau,1uo 6om,Wl1HCTBa 11C­

CJtCAOBaTCJlhCK11X pcaKT0pOB LICTl<O CQ)OpMy1111posaHHOH KOHu,enu,I111 6e3onaCHOCn1 1151.Y 11 

ccpopM11pOB3HHOi:'t HOpM3Tl1BHOH 6a3L>l ee o6ecnetJCHl151 np11BCJIO K TOMY, 'ITO no MHOrl1M 

_B0□pocaM npoeKTaHThl, KOHCTpyKTOpbl 11 JKCnJtyaTaU,110HHhlH nepcot-taJI LIOJl)KHbl 6hlJll1 BbI­

nOJIH51Tb Mepo□p1151Tl151 no n0BbllllCHl1IO 6e3onaCHOCHI B CB51311 C BROLIOM HOBblX HOpM 11 

npas11Jt, a TaK)KC Y'Il1TblBaTb H0BblC n0AX0L\hl no 6e3onaCHOCTl1, npHMCHSICMbte Ha AC. vlc­
CJICLIOB.lTCJlhCK11C peaKTOpht, 11MCIOl.l..(11C OTHOOITCJtbHO AC HC60JihWYIO MOl.l..(HOCTh, npCL1-

CTaBJ151lOT MCHhWYIO noTCHU,11aJihHYIO onaCHOCTb LIJ151 HaCCJICHl1SI B cpaBHCHl111 C 6110KaM11 

AC. TeM He MCH CC J;j p M0ryT 6h1Tb nOTCHU,11aJ11,H0 onaCHhlMl1 np11 ~IX JKCnJtyaTau,1111, T3K 

KaK npOBCL\CIHIC 3KCnepMMCHTaJthHhlX 11CCJICLIOBaHl1H Ha Hl1X LJaCTO CR513aHO C H3MCHCHl15IMl1 

xapaKTCpHCTHK aKTHBHO~i 30Hhl , B TOM 'HICJIC C 113MCHCHl1CM pcaKTIIHHOCTl1. B CBSl311 C 3T11.M 

KOHU,CnU,1151 6c3onaCHOCTl1 J;j p) R 0T.,111lll1C OT KOHU,Cflll,1111 6c3onaCHOCTl1 AC, AOJI)l(Ha ycm­

TbIBaTb yKa3aHHhle oco6CHHOCTl1 MP np11 cpopMl1posaHl111 np11Hu,11noB, KPHTCpHCB 11 OCHOB­

HhTX HanpasJICHMH AOCTH)KCHl151 6c3onaCHOCHI 11 ynpaBJtCHl151 6e3onaCHOCTblO. 

3a 1998-1999 rr. Ha vl.51Y S1L1CPH1>Ix, paL111au.110HHb1x, Textt11tJecK11x asap1111 11 ttapy­

mett11i1 ycJtOBHH 6e3o□aCHOH JKCnJtyarnu,1-111, np11BCL1Wl1X K npeBblWCHHlO npCL1eJIOB 6e3-

onaCHOH JKcnJtyarnu.1111 , tte 61,1Jto. Ha sccx M5l.Y, nOL1H.lL130pH1>1x rocaToMHaL13opy PocrnH 

B 1998 r. 6btJIO 3apentCTp11posaHO 35 CJIY'tacs aBTOMaTHLICCKOro cpa6an,1BaHJ15T 3::tll\11Tbl 

(AC3), s l 999 r. - 47 CJ1y•1acs. HMc1111 MCCT0 n51Th c11yttacs RHen11aHosoro CHl1>KCHl151 

MOLl.lHOCT11 (BCM) . Ha116o111,wcc tt1ICJ10 cpa6aT1,1saH~111 ;rnap11 HHOH 3aw11Tht Ha61110L1a11oc1, 113-3a 

KOJte6aHl15I Hanpsl>KCHl15I RO RHCWH11X JJICKTpocCT51X 11 113-3::t 0TKa30B B Cl1CTCM3X KMTT. 

B Ta6JtHU,C npCLICT::tBJICHhl cpaBHl1TCJlbHhlC AaHHblC O HapywCHl15IX B pa60TC v151Y 3a 

1997, 1998 H I 999 rr. 
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I lp,t 11l-111hl no:111,tKIIOBClllt~l 11apy111c1111i'1 

-r- __ -I lapy{11c1111>1 JJ pa6_oTC-. 115!~ - -=-
I 997 r. 1998 r. I 1999 r. 

_ AC3 Bci i _1~_c3J n01_ _AC~L y _Q~ 
0111110Kft II pa(icrrc neJ1Cl>t1:u1a M51Y 

0TK:13bl u CHCTCMC KMn, CHCTCMC y11pn11JICIIIHI 

0TKn3ht II OICTCMC :JJICKTJ10000py;ioun1111>1 

0TK[l3hl U CIICTCMC TCIIJIOMCX:lmt'ICCKOl'O OOOpy)lOBnmrn (TM()) 

I lapy111c11m1 u paGcne :JKcnep1,tMC1tTaJ11,111>1x yCTpoiinn 

KoJ1cGn111rn 11anp;1>KC1tH>1 uo 1111e1u1111x :JJ1CKTpocen1x 

llp0 11HC 

Mrnro 

8 6 3 

25 8 13 

10 

16 13 17 

59 35 47 

HaMCTl1BW[HIC51 TCHACHU.HSI K CHIVKCHHIO HapywCHl1H B pa6on: v15IY B 1997-1998 rr. 
no cpaBHCHHIO C npCAbl.llYWHMH ro.uaMH, CB513aHHa51, npC>K.llC RCCro, C YMCHbWCHJ,feM 3a­

rpy>KCHH0CTH yCTaH0BOK, HCO>KH)l3HH0 113MCH11JlaCh R 1999 r. llHC.10 HapywcHHl1 CTaJJO 

paCTl1. 3To npC>K.llC BCCro M0>KHO o6MICHHTb cjJH311LICCK11M 11 MopaJJbHblM CTapCHHeM npH-

6opoB 11 o6opy.UOBilH1151, HC o6HOBJl51BWIIXCSI B TCLICHHC p}l)la JICT 113-3a HCAOCTaTOLIHOro 

q>HHilHCHpOBaHHSI. 

B H3CT0SIWCC BPCM}I .llJISI 0U.CHKl1 6c3onaCHOCTH :JKCnJ1y;nau.1rn v15IY cywccTBCHH0C 

3Ha'ICHJ.1C HMCeT npo6JJCM[I LICJIOBCLICCKOro tjJaKTOpa. Ha 115IY H)lCT CMCHa nOKOJICHl1l1, no 

pa3Hb!M np11L1J.1H3M YBOJlbH51CTOl OnblTHblH ncpCOHaJJ. CMTyaU.H51 xapaKTepw3yCTCSl CHH>KC­

HHCM npeCTH>Ka npocj)ccc1ut, OTCYTCTBHCM rrpHTOKa MOJIOAhlX cncu.11aJU1CTOB, CTapCHHeM 

Kanpos, COKpawcmteM 06wc11 LIHCJICHHOCTH. H,:rn6oJJCC LlaCThle ow116K11 ncpcoHaJI AOnycKaCT 

B CB51311 C peMOHTOM H 33MCHOl1 np116opos. Ho B TO >KC BpCM51 H36JJIO)l3CTC51 TCHACHU.1151 

CHl1>KCH1151 HapywcHHH no BHHC ncpcoHaJJa: CC.'111 B 1997 r. no 811HC ncpcoHaJJa 6bIJIO AO­

nyw,eHO BOCCMb HapyWCHlttt, CB513aHHhIX co cpa6aTI,IBaHHCM A3, R 1998 r. - weCTb, TO B 

1999 r. 11X HC 6hlJIO. DOJlbWYIO pOJJb B :)TOM 11rpacT npaRHJlbHblH fIOAXOA 3KCnJ1yan1py10UJ,l1X 

vl5l.Y opraH113au.1111 K no.uroT0BKC ncpcottaJJa, opratt113au,1111 TCXHHLICCKOH y'lc61,1 11 npose­

ACHWIO nposepKH 3H[IHl1H Ha pa60lll1X MCCTax. Hco6XOAHMO T3K>KC OTMCTHTh K3K nOJJO)KH­

TCJlhHhlH cj)aKTOP npOBCACHl1C MC>K.UyHapO.llHblX CCMHHapoB no nOAr0T0BKC nepcoHaJJa B 

1996-1997 rr. s HvlvlAP (r. D.11M11TposrpaA). TTpo.uoJJ>KaeT ocTasaTbC51 s1>1coKHM npou.eHT 

HapywCHJ,111, CB5133HHhlX C ncpe6oslM11 :JJICKTpOCHa6>KCHl151. noxo>Ke, l(TO B 6J111>Ka11wee Bpe­

M51 3Ta npo6JJeMa OCT3HCTC51 no-npC>KHCMY Ha ncpBOM MCCTC, TaK KaK B AaHH0M HanpaB­

JICHl111 CYWCCTBCHHhlX pa60T 3KCDJ1yaT11py10ll(l1Ml1 opraH~l3aU,115IM11 He npOBOA~ITCSI. IOC­

aTOMH[l,ll30p Pocorn y>KeCTOL(HJI nop51A0K nOBTOpHoro BhlBOAa Ha MOLll,HOCTb ]II p nocJJe cpa­

fotTblB3Hl151 A3, noTpc6osaB corJJacosaHHSI C OT)leJJaMH HHCDCKU.HH ycJJOBHii IlOAbCMa MOUJ,­

HOCTl1 MP. 

Bee nepCLIHCJICHHble HapywCHl151 YCJIOBHH HOpMaJJhHOH 3KCnnyaT3ll,],fl1 He npHBCJIH K 

o6JJytlCH11IO nepcoHaJJa H 3arp513HCH11IO OKpy>Kaiowdi cpe,llbl CRepx ycTaH0BJJeHHblX AJ151 

H0pMaJlbHOH :JKCnJJyaTaUJIJ,I npc.ueJJOR. 

rocaTOMHclA30p Poco111 B C00TBCTCTBHM C MC>K.UyHapO.UHOH npaKTHKOl'I IICnOJJh3YCT CJIC­

.llYIOWl1C 0CH0BHhlC KpHTCpl111 OU.CHKl1 C0CTOS1HH51 SIACPHO-paLJ.HaU,HOHHOH 6c3onaCHOCTH 

(51 PB) 11ccJ1CAOBaTeJ11,cK11x s1ncptt1>1x ycTaHosoK: 

- paAHaU,l10HH[l51 o6CTaHOBKa 3a npc.ucJJaMH nJJOWa)lKH pa3Melll,eHH51 ]1!5IY; 

- pa.u11au,H0HHa51 o6cTaHORKa Ha nJJOlll,[l.'lKC pa3MCWCHl1Sl vl5IY; 

- xapaKTCpHCTl1Kl1 rJ1y60KO:JWCJIOHHPORaHHOi1 33WHTbl (COCTOSIHHC CHCTCMhl q>H3H-

LICCKJ,IX 6api,cpos Ha nyTH pacnpocTpaHCHH}I 110Hl13Hpyiowcro H3JlytlCHml H paAH03KTHBHblX 

BCLll,CCTB B 0Kpy>Ka10wy10 cpc.uy, CHCTCMbl TCXHHLJCCKHX 11 opraHH3aU.l10HHblX Mep no 33lll,11Te 

6apbCpOB 11 coxpaHCHHIO HX :Jcj)cj)CKTHBHOCTl1); 

- OTCYTCTBl-le 11Jll1 H[IJIHLJHC HapywCHHH npC,llCJIOB H(HJJH) ycJJOBHI[ 6c3onaCHOH 3KC­

nJ1yaTau.1-111. 
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1lp0FlCpK11 nopsI.:tKa pacrnc,:i_oHaHIrn 11 y'ICTa HapywcH11ii II pa6on~ vl51Y Fl :lKcn11yan1-

py1Dw,11x npc,1uIpII}ITIHIX, npoHC.lCHllhlC Fl 1998- 1999 rr. 0T)lC,laMH IIHCrICKU,lli1, rI0K,:1331111, 

<!TO Tpc6011aHIISI C00TBCTCTBYK)W.11>- H0pM:ITIIFlHhlX ;J.0KYMCIITOH BhlrI0,1I-ISIIOTCSI 11-12 1. 

Pc3y,11,TaT1>1 aH,uuI3a Hapy1JJcH11ii II p,160TC: vl51Y 11cno,11,3yll)TCII opraHaM11 roc..1TOM-

11aA30pa Pocci,111 np11 n11aH11po11aIHH1 l1HCrICKU,H~'1 11 Y'IHThlllatDTC5I npH :)KCncpT113C M,1Tcp11-

aJJOB 3:HIB0K :)KCn,1yan1py1DW,IIX opraHl13JU,Hi'I Ha n0JJY'ICHHC Jl11U,CH3111'i rocaTOMHaA30pa 

Pocnn, Ha :lKCn,1y,1Tau,1110 vl51Y. 

2. HOPMATHBHOE PErYJIHPOBAHHE OP-IETHOCTl1 0 HAPYIJJEHH.5IX 
11 IlPOTl1BOAl3APl1HHhlX MEPOI1PJ1SITl1H HA HSIY 

ITp11 0U,CHKC 51JlCPHOi'1 H pa;tllaU,HOHHOII 6c3onaCHOCTl1 061,CKTOB 11cn0JJh30B3Hl151 3TOM­

HOi1 :lHCprlHI (Ov1A3) 0)lH11M 113 11:DKHblX Y'l11ThlBaCMhlX noKa3aTCJICH 51BJl5ICTC51 rOTOBHOCTb 

:JKCnJJyan1py1ow.c11 opraH113au,m1 K pca11113au,1111 Mcponp1rnT1111 no 3aw,11Tc pa6oTHl1KOB (ncp­

coHana) II HaCCJICHl15I B cny,,ac ,1Bapu11 Ha 061,CKTC 11 K JIIIKIIH)laU,HH nOCJJCACTl\1111 a11apI,111. 

K npon111oa11ap11iiHhlM MCponpH51Tl15IM B o6w,CM CJ1ytIae 0TH0C5ITC51: 

- n0,'.l,'.lCJ))KaHl1C r0TOBH0CTl1 pa60THl1KOB (ncpcoHaJla) K AC(icTBl151M np11 B03HHKH0-

BCHIH1 a11ap11ii H 11111<rrn;:iau,II11 nocm.:.'.J.CTl\1111 a11ap1111; 

- npoRC)lCHIH.: npOTIIHOa11ap1tiiHblX TJ)CH11p0HOK Ha 061, CKTC; 

- o6ccnC'ICHl1C no11y'leH1151 AOCTOIICJ)HOii II CIIOCIIJ)CI\ICHHOii 11Hcp0pMau,1111 0 HapywcHIHI 

B pa6on: 061,CKTa, cc ;IHaJH13 II npHH5IT11C KOppCKTl1PYIOW.11X MCp no npCAOTRpaw,CHMIO 

no,1106H1,IX HapywCHMii. 

,Ll,1111 aT0MHhlX CTaHlJ.Ml°I (AC) Tpc6011aHH51 K np0THR0a11ap11HHhlM MCponpl151Tl151M OT­

pa)KCHhl B A0KYMCHTax cpencpallhHOro ypORH5l 11-3 1. ,U1151 Apyr11x 061,eKTOB 11Crl0Jlb30B3HH51 

aTOMHOH :JHCJ)rM11 l1MCIOTC5l 06w.1-1c Tpe6011aHl151 no nJ1aH11poBaHHIO Meponp1151T11M Ha cnriai:i 

a11ap11~I 11 pa3pa60T3Hbl PYK0II0)lCTlla no 6c3onaCHOCTl1, YTBCP>KllCHHblC rocaTOMH3)l30J)OM 

POCCIIH 14-6 ], 

AHaJIH3 npHMCHCHllSI Ad'icTBYIOIUl1X H0pM3TIIRHhlX A0KYMCHT0B )lJl}I vLSIY rI0K33bJBaeT 

npaB0MepH0CTb nocTaHOBK11 B0npoca 0 pa3pa60TKC AOKYMCHTOB QJCJlCpallbHOrO ypOBH51 no 

BOnpocaM npOTl1BOa11ap11i'IHblX MCponp1151Tl1H. <t>c11epa111,HblH CT,ITYC A0KYMCHT0II 06ycJ10B­

JICH BBCJlCHl1CM II nciiCTBHe Q)C.J,CpaJll,HhlX 3JK0H0R II 0611aCTl1 11cnOJlb30llaHH5I 3T0MHOH :)HCp­

rl111, pcopraH11 3au,11ci'1 Q)C.J,CpaJll,HblX opraHOB 11cnOJIHIITCJlhHOH I\Jl3CTl1, HC06XO)ll1MOCTblO 

pcrJJaMCl-lT31J,1111 B3allMOAdiCT811Sl C Apyr11Ml1 opraHaMH HCnOJIHl1TCJlbHOH BJlaCTH, np11BCAC­

Hl1CM II C00TIICTCTll~IC C Tpc6011aH~15JMl1 COllpCMCHHOrO TCXHIILJCCK0ro ypoBH51. 

B HaCT05IW.CC 11pCM5I 11HCnCKU,~IH rocaTOMHaA30pa Pocc1111 B Ha)l30pHOH AC51TCJlbHOCTl1 

B COOTBCTCTBl111 C m:pCLJl1C,1CHHhlM~I paHCC Kp11TCp115IMII OU,CHKII C0CT051HH51 6e3onaCHOCTl1 

J151Y pyK011oncrny10TCSI cJJC.lYIOUJ.HMH A0KyMeHTaM11: 

- <t>cncpaJJhHJ,li1 3aKOH <<06 MCnOJlb30113Hl11I aTOMH0H :JHcpr1111»; 

- <t>cncpaJll,llhlii 3aKOH <<0 paA113U,110HH0l1 6c3onacHOCTH H3CCJlCHl15t»; 

- <l>eAcpaJJbt-p, ,it 3aK0H <<0 3aLU11TC H3CC,1CHll51 11 TCpp11Top~1i-i OT L1pC31\bll[ai:-1HblX c11-

Tyau,~1i:-1 np11p0AH0ro II TCXH0rCHH0ro xapaKTepa» onpe.lCJl5ICT opraH113aU,HOHHO-npaBOBblC 

H0pM1>1 11 06nacn1 3aw,IIT1,I Hacc11cHIts1 u OKPY)Ka1ow.cf1 cpCJJ.hl II npcAcnax Pocc11r1cKoi-i <t>c­

Aepau,m1 OT L!pC3Bbl'l31iHhlX c11Tyau11ii; 

- HopMhl pa,'l,HaU,IIOHHOii 6c3onaCHOCTl1 (H P6-99) CO,llCp>KaT pcr11aMCHTttpyCMblC 11e­

Ml'll1Hhl TCXHOl'CHHOro 0611y,1CHIHI II K0HTpo1111pyCMblX yc1101111S1X 11 II YCJl0IIH51X a11ap1111; 

- TTOJIO>KCHHC 0 KJlaCCHQ}HKaU,1111 '1pC3Rhl\JaHHhlX C11Tyau,11i,i npHJ)0)lHOro 11 TCXH0rCH­

HOr0 xapaKTCpa ycTaHaRJll1RaCT C,'],HHhlH nonxon K OU,CHKC 'IPC311hl'laiiHhlX CHTyau,1111, 

onpC)lCJICH11IO rpaHl1U, 30H LJPC3BhlLJai1HhlX c11Tyau,11i111 3ACKBaTH0ro pcar11p0B3Hl151 Ha H11x; 

- O6w,11e n0JI0)KeHIHI 06ecnc 1 ICHl1SI 6c3onaCHOCTl1 IICC,1CA0BaTCJlbCKl1X pcaKTOJ)0B 

(0176 v1P-94) COAep>KaT 06w,11e Tpc6011aH1ts1 no nJ1aH11po11aHn10 Mcponp1rnT11h Ha cny,iai-1 

a11ap1111; 
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- OcHOBHblC caH11TapHhlC npas111ia pa6oTI,I C pan.11oaKTl1BHhlMl1BCLUCCTBaMl111 .L{pyr11M11 

11cTociH11KaMII HOH11311pyIowIIx 11311yticH111°1 OCTI-72/87 pernaMeHT11py10T ocHOBH1>Ic rpc-

60Ra1-111s1 no 06ccnc 1IcHI1t0 pa.1:111au.~10HHO~i 6c3onacHocT11; 

- TIOJI0)KCHl1C O nop5I.[IKC pacCJICLIOBaHHSI 11 ytieTa HapywcH11i-i B pa60TC HCCJIC.L{OBa­

TCJlbCKIIX 51JJ.CPHhlX peaKTOpOB, KPl1THLICCKIIX (nOL1KPHTl1l(CCKl1X) CTCH.L{OB (PLI,-04-10-94) 

ycTaHaBJ111BaCT C.[{11HblH nop51.[IOK K paCCJIC.[IOBaHHIO 11 ytiCTY Hapywem-111 B pa60TC J.151Y, 

ycTaHaBJil1BaCT K,1Tcrop1111 npo11cwe.L{Wl1X Ha J.151:Y co6h1Tl1H B C.[111HOH WKaJIC OU.CHOK; 

- YKa3aH11c OT 26.03.92 NQ 10/Y onpc.1:1c11S1eT cpopMy oncpanrntto11 11HcpopM,HJ.IU1 11 

HC.L{CJlhHOH CB0.[IKl1 0 HapyweH1151X B pa6oTe o6opy.L{OBaHl151 11 COCTOSIHIHI ::>KCn11yaTaU,Hl1 

::>Hcpro6110KOB aTOMHhlX '.)JICKTpOCTaHLJ.1111 (A3C)' 11CCJIC.L{OB3TCJlbCKl1X peaKTOpOB (J.1P) 11 

5I.[ICpHhlX '.)HCprCTl1llCCKl1X ycnlHOBOK cy,llOR (513Y); 

- YKa3att11c OT 27..05.92 NQ 20/Y onpc.1:1c11s1cT rpc60BaH11s1 K o6i,cMy 11 CO.L{Cp)KattMIO 

onepaTl1BHOH 11HQ)OpM3U.1111 0 •1pC3BhllfaHHblX c11Tyau.11sIx, ncpC.L{aBaCMOH OTBCTCTBCHHblM 

.L{C)KypHhtM no rocaTOMHa.[{3opy Pocci,111 B M11H11cTcpcrno Pocrni-icK011 CDe.L{epau.1111 no .1:1e11aM 

rpa)K.[13HCKOH o6opOHhl, tipC3BbltiaHHblM c11Tyau.11SIM 11 Jll1KBl1.L{aU,1111 nOCJIC.L{CTBl1H CTl1Xl1HHblX 

6c.1:1crn11i1 (M 4C PocC1111); 

- YKa3att11e OT 11.05.95 NQ 44/Y onpe.L{e11sIcT nopsr.L{OK e)KCMCC51'IHOro npe.L{CTaB11ett11SI 

CBC.L{CH~lii O COCT051H1111 (~13MCHCHl111 COCT051Hl151) 51LICPHOl1 11 pa.[{11au.110HHOH 6c3onaCHOCTl1 

Ha DO.[IHcl.[{30pHblX rocaTOMHa.[130py PocC1111 o6bCKTaX B opraHhl cpCJJ.CTR MaCCOBOH 11Hcpop­

Mau.m1, o6l.L(CCTBCHHblM opraH113aU.1151M 11 .[{811)KCHl1SIM; 

- TToJIO)KCHl1C O fpynnc OTBCTCTBCHHblX ,[{C)KypHblX rocaTOMHa,[{30pa Pocc1111 

(P LI,-09-28-99) onpe.[ICJ151CT opraH113aU,11IO pa60Tbl JJ.C)KypHblX focaTOMHa,!],30pa Pocorn; 

- YKa3att11e OT 21.01.,99 NQ I 2Y per11aMeHT11pyeT nopSI.L{OK 11 C0,!1,Cp)Katt11e oneparnB­

Horo coo6w,CHHSl O HapywCHl151X B pa60TC Ha nO,[{HaA30pHblX o6i,eKT3X, nepe,!],aBaCMOro H3 

Mc)KpCrttOH3JlhHblX TCpp11TOp113JlhHblX OKpyroB B J.1HcpopMau.110HHO-aHaJJ11Tl1l.fCCKHH U.CHTP 

focaTOMHa,[{30pa Pocc1111 OTBCTCTBCHHOMY .L{C)l(YPHOMY B TetieHHe 1 lj OOCJJe BbISIBJICHHSI 

HapywCH1151; 

- J.1 H(pOpM3U.110HHOC nHChMO 1-ro y npaBJICHl1SI rocaTOMH3,!l,30pa Pocc1111 OT 28.11. 94 

NQ 11-05/322 onpc.1:1c11SieT CTPYKTYPY ro)].OBoro OTlICTa 3Kcn11yaT11pyrolll,ei-i opratt113au.1111 

no OU.CH KC TCKyw,cro COCT051Hl151 Sl.L{CpHOH 11 pa,!],113LJ.110HHOH 6c3onaCHOCTl1 J.151:Y' a T3K)KC 

npou.eAYPY paccM0TpeH11sI OTlfCTa opraHaM11 rocaTOMHaA3opa Pocc1111. B oTcieT BKJJJOlJCHa 

11.ttcpopMau,11s1 o pe3ym,TaTax aHa11113a HapyweH11i-i s pa6oTe J.151Y 3a npowe)],11rn11 roA » 
pe3yJ11>TaTax RbinOJIHCHl1SI np11HS!TblX MCp no npC,!],OTBpaw,eHl1IO nOBTOpCHl1SI ttapyweHHH, 

a TaK)l(C pC3YJlhTaThl npOBC.[ICHl1Sl npOTl1ROasap11HHhlX TpeH11pOROK. 

3. PA3PAEOTKA J.1 TTEPECMOTP CJ>E)l,EPAJibHhIX HOPM 11 DPABMJI 

rocaTOMHa,!l,30p Pocc1111 B COOTRCTCTBl111 C cpe.L{cpaJ1hHhlM 3aKOHOM «06 l1CilOJlb30B3HJHI 

aTOMHOH ::>Heprttm>, a TaK)KC TToCTaHOBJICHl1CM npas11TCJlbCTBa OT I JJ.CKa6p51 1997 r. NQ 1511 

ocyw,eCTBJISICT pa3pa60TKY Q)C,!1,CpaJlbHhlX HOpM 11 npaBl1JI no 51,!l,CpHOH 11 pa)],Hau.110HHOH 

6e3onaCHOCTl1 np11 11cno111,30BaHl111 aTOMHOH 3HCpr1111. 3aKOH «06 11CDOJlb30BaHHl1 aTOMHOH 

3HCpn111>> no MHOrHM BO□ pocaM HC SIBJISICTC51 3aKOHOM nps1Moro ,!l,CHCTBl1SI, a Tpe6yeT pa3-

pa60TKl1 11 YTBCP)KACHl1SI rocyn.apCTBCHHhlMl1 opraHaM11 COOTBCTCTBYIO~tt:X HOpM 11 npaBHJl. 

8 HaCTOSILUCC BpCM51 RBCACHhl R ,[leHCTBl1C OTHOCS!W,11CCSI K paccMaTptt:BaeMOMY BO□pocy 

c11enyiow,11c yTOltHCHHhtc 11 ncpcpa60TaHttb1e HOpMhr 11 npaB1111a: 006-88-97, TT651 l1P-98, 

TT651 KC-98. HaciaT ncpecMoTp OTI6 J.1P-94, KOTOpbIc 6ynyT pacnpocTpatteHhI (KpoMe VIP) 

TaK)KC Ha KC 11 TI KC. Tipc.1:1no11aracTcs1 ncpccMoTpCTh 11 p51A .L{pyrnx HopMaTHBHhlX AOKy­

MCHTOB. 

B LICHCTsyiow,yio c11cTcMy ttopMaT11BH1>Ix AOKYMCHTOB, pcr11aMCHTHPY10lUtt:X Tpe6osa­

Hl15I K 0TllCTHOCTl1 0 HapyweHH51X B pa60TC J.151:Y 11 opraHl13aU,11J1 11 BblnOJlHCH11IO npOTl1-

BOaBap11HHblX MCponp11SITl1J'.i, HC06X0.[111MO BHCCTl1 CJICLIYIOW,11C YTOllHCHl1SI 11 J13MCHCHl1Sl , 

KaCalOW,11CC51: 
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- ycTaHORJICHJHI Kp1,nepHCB OTllCTHOCTH 0 ttapywCHl1SIX B pa6oTe 1151Y; 

- yTOLIHCHl1SJ MCTO)],HKH KJJaCCHQ)11K3U.1111 J;[51Y C TO'IKH 3pCHHSl p11cKa P3A113U,110HHOro 

B03ACHCTBl1Sl tta H3CCJICHl1C 11 OKPY>KUIOlll,YIO cpeAy; 

- COJJ,ep>KaHJ1SJ nJJc:tHOB MCponp11S1Tl1H no 3ar.u,11TC nepcoHaJJa 11 H3CCJICHl1SJ Ha CJJytlaii 

asap1111 ; 

- o6ccnCllCHl1SJ KUllCCTBa CHCTCMbl npOTHBOasap11HHOH rOTOBHOCTH 3KcnJJyaTHPY10lll,CH 

opratt113au,1rn; 

- npOBCACHHSI 3KCTICpTH3bl roTOBHOCTH 3KCTIJJY3THpylOr.u,ett oprattH33U,l111 K 3alll,11TC 

H3CCJICHl1SI H TCppHTOp11H. 

TiopS!AOK paCCJJCAOB3HHSI l1 YLICTa ttapywCHHH B pa60TC HCCJIC)],0B3TCJlbCKl1X SIJ],CpHblX 

ycTaHOBOK R H3CTOSll.ll,CC spCMSJ onpCACJJSICTCSJ PII,-04-10-94 [5 ]. B3aMCH CMY npOBO)],l1TCSI 

pa3pa60TKa HOROrO HOpMaTHRHOro AOKYMCHTa, 0THOCSllll,CfOCSI Y>KC K Q)CACpaJJhHblM HOpMaM 

l1 npaBHJJaM B 06J1acn1 11cnoJ11,30B3HHSI aTOMHOH 3HCpr11H. Hco6XOA11MOCTb pa3pa60TKH HO­

soro HOpMUTHBHOro AOKYMCHTa o6yCJJOBJICHa nOBblWCHHCM Tpe60B3HHH K 06ecnes1eH1110 

6e3onaCHOCTl1 ];!51Y K3K o6bCKTa 11CTI0Jlb30BaHHSl aTOMHOH 3HCpr11H, ycTaHaBJJHB3CMhIX 3a­

KOHaMJ1 <<06 HCnOJJb30B3HHH aTOMHOH 3HCprH11>> 11 «O paA113U,110HHOtt 6e30IT3CHOCTl1 ttace­

JJCHHSJ» , Tpe6oB3Hl1SJMl1 Q)CJJ,epaJJbHblX HOpM 11 npaBHJI B o6JJaCTl1 11CIT0Jlb30B3Hl1Sl aTOMHOH 

:JHepr1111 11 psiJJ,a JJ,pyrnx HOpMaTl1BHblX A0KYMCHTOB, BBCACHHblX B ACttCTBHC TIOCJJC pa3pa-

60TKl1 p )],- 04-10-94. 

B npou,ecce paCCMOTpCHl1SJ AOKYMCHTOB, 06ocHORhIBa10r.u,11x 3351.BKY JKCITJ1yaT11py10r.u,11x 

opratt113au,1111 tta noJ1yt1ettHC m1u,ctt3111-1 tta JKcnJ1yaTau,1110 v1.5IY, rocaToMHaJJ,3op Pocc,rn 

npOBOAHT JKCITCPTH3Y AOKYMCHTOB no npOTl1BOasap11HHblM MeponpmITHSJM l1 A3CT OU,CHKY 

KJJacca 6e3onaCHOCTl1 J;[51Y. OAHUKO npOBCACHl1C :JKCnepTl13bl :JTl1X AOKYMCHTOB BCTpCL!aCT 

onpCACJJCHHblC TPYAHOCTl1 B CBSJ3l1 C OTCYTCTRHCM HOpM11p0B3Hl1SI Tpe6osaHl111 no COACP­

>KaHHIO 11 TIOCTpOCHl1IO )],OKYMCHT0B npOTl1BOaBapHHHhlX MCponpHSlTl1H Ha v15fY pa3JIH'IHOro 

KJJacca 11 0TCYTCTBIHI CTpornx Kp11TCp11CB KJ13CCJ1Q)l11(3ll_J111 v15fY. 8 HUCTOSllll,CC BpCMSJ v15fY 

ycJJOBHO KJ1acc11cj)11u,11py10TCSI Ha TPH rpynnbl R 33B11Cl1MOCTH OT ypoBHSJ HOMl1H3JTbHOl1 MOlll,­

H0CHI 11 MaCIIITa6a MaKCHMaJThHOH npOCKTHOH asap111-1. 

8 HOpMaTHBHblX AOKYMCHTUX n11att11pyeTCSl YTOllHl1Tb COACp.>KaHHC nJJaHOB Meponp11-

SITl1H no 3Ulll,11TC ncpcotta11a 11 ttace11ett11SI Ha CJJyLfaH asap11H, a TUK.>KC Tpc6osamrn K npo­

rpaMMe o6ccne'ICHHSJ Ka'ICCTBa Cl1CTCMbl npOTl1ROasap11HHOl1 roTOBHOCTl13KCnJiyanrpy10lll,Ctt 

opratt113au,1,rn. 

4. PA3PAEOTKA J1 COBEPIIJEHCTBOBAHJ1E EA3 )].AHHhIX 
no HAPYIIJEHJ1SIM B PAEOTE l1CCJ1E,UOBATEJlbCKJ1X Sl.,UEPHb[X YCTAHOBOK 

TI paKTH Ka n p0BCJ],CH 11$1 0U,CH Kl1 TCKyr.u,cro C0CT051Hl1SJ 6e3onaCHOCTl1 HCCJICAOB3TeJTbCKl1X 

SIACPHblX yCTUHOB0K npH :JKcn11 y aTUU,Hl1 noKa3aJJa U,CJICC006pa3HOCTb C03AUHl1SJ CAHHOl1 AJISJ 

rocaTOMHUA30pa Pocc1111 , rocyAapCTBCHHblX opraHOB ynpaBJJCHl1SI 11CITOJTb30B3H11CM 3TOMHOH 

::>Hepr1111 (B ncpsylO 0'1CpCAb AJJSI M11ttaTOMa Poce1111) 11 3KCnJTyaT11py10lll,l1X opraHJ133U,11tt 

Cl1CTCMbl ytlCTa ttapyweHHH B pa60TC vl.5IY C 11CIT0Jlb3083Hl1CM 3JICKTPOHHblX Bb1Lfl1CJI11TCJib­

HblX CPCACTB. 

Ba>KHOCTb H3Jll1'111SJ 11 :JQ)Q)CKTHBHOCTl1 BCACHl1SI 6a3 AaHHblX AJJSJ 0IICHKH COCT0SJHl1SI 

6e3onacttocn1 M.51Y nOATRCP>KAaeT nputtSJTHC M11ttaTOMOM Poccuu pcwcttust (Ilp11Ka3 MH­

HHCTpa NQ 70 OT 09.02.99) o C03AaHHH npH fHLI, P<D Hl1v!AP OTpac11esoi111a6opaTOp1111 

l1 0TpaCJICBOH HHQ)OpMaU,HOHHOH Cl1CTCMbl no c6opy 11 o6pa60TKC A3HHblX no OTKa3aM 060-

PYAOBaHHSI 11 HHU.HACHTaM tta 11CCJICA0BaTCJJhCKHX SJACPHhlX yCTaHOBKax. 

YL!aCTHC OTpaCJJCBOH 11a6opaTOpHH B pa6oTaX no c6opy AOCTOBCpHblX CBCACHl1H O Ha­

PYlllCHJ.151.X B pa60TC BCCX v1.51Y PoccHH H HX CHCTCMaTH3aU,11H, B TOM 'IHCJIC B C03A3HHH 

JJICKTpOHHblX BCpCHH 6a3bl A[IHHblX , Il03ROJIHT nOBblCHTb onepanlBHOCTb ncpCA3'[J,[ 11HQ)Op­

Mau.m, APYfHM opraHH3aU,115lM, B TOM 'IHCJIC npOCKTHblM l1 KOHCTPYKTOpCKHM. fIOCKOJlbKY 
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vl5lY He coJJ,Cp)KaT, KaK npasIrno, nrnosoro 06opyJJ,osaH1rn, OCHOBHa51 ue11b pa6oT no aHaJIH3Y 

HapyrneHHH CB}l33Ha C H3y<ieHHCM 0611.lHX npHllHH OTK330B o6opyAOB3HHSI 11 HapyrueHHH B 

pa6oTC J!l5lY, KOTOphlC HC 33BHC51T OT THna o6opyJJ,OBaHH51 H CB5133Hhl C K3l[CCTBOM nocTaB­

JISICMblX MaTep11aJIOB, KOMnJICKTYIOll.lHX H3ACJIHl1, opraHH3aU11CH 3KCn11yaTaU,HH J!l.5fY, npo­

BC)J,eH11eM ytlCHl111 J,f asapHHHblX TpeHHpOBOK. 

TTpeJJ,no11araCTCSI BhlnycK C)KCfOJJ,HOro 11HQ)OpM3U,110HHOro 6IOJIJTCTCH51 C aHaJTH30M pa-

6oTbl vl5lY, a TaK)Ke no.D.rOTOBKa yt1c6Hh1x MaTep11a11os « HapyweH1151 a pa6oTe l15lY OT­

paCJ111>> JJ,JISI 06ytJCHHS1 ncpc0Ha11a a r1e6Ho-TpeHwposotrnoM u,ettTpe rHU. PC!> Hl1MAP. 

Cyll.J,ecTBy10ma51 s HTU. 5lPE rocaTOMHaJJ,3opa Pocrnw 6a3a .D.aHHbTx 11tt¢opMau,HOHH011 

C11CTCMbI o ttapyrueH11six B pa6oTe vl5lY MCH-M5lY npeJJ,Ha3HatJeHa JJ,JTSI c6opa, xpaHeH11S1 

H o6pa6oTKH l1HQ)OpMau,1111 0 HapyweHHSiX B pa6oTe l15lY, KOTOpasi CO)J,ep)K11TCSI B OT4eTax 

(aKTaX) 0 pacCJieJJ,OB3Hl111 HapywCHl111 B pa6oTe 11CCJIC)J,OBaTeJihCKHX SIJJ,CpHblX yCTaHOBOK. 

Ha 3Tane onhITHOH 3KCn11yaTaU,Hl1 11HQ)OpM3U.110HHOH Cl1CTeMbl B Hee BBe)J,eHa 11HQ)OpMaU.H51, 

npeJJ,OCTaBJieHH351 o6HHHCKOM 11HCneK.Ll,HCM, 0 68 y4eTHblX HapyweHl151X B pa6oTe HCCJICJJ,O­

BaTeJibCKl1X peaKTOpOB. 

TTptt onpeJJ,eJICHJ.1J.1 061,eMa J.1HQ)OpMau1111, KOTOpa51 )J,0Jl)KH3 33HOCHTbCSI B 6a3y JJ,aHHblX 

)J,1151 no11ylJCHl1SI Heo6xOJJ,11MblX 11 JJ,0CTaT04HblX noKa3aTeJICM OLl,CHKl1 TCKylll,ero ypOBH51 6e3-

onaCHOCTH J!l.5IY, 6hIJIH npoaHaJIH311pOBaHhl Tpe6osaHl1SI HOpM3Tl1BHblX 11 PYKOBO)J,5llll,HX JJ,O­

KyMeHTOB, OTHOCSl[Ul1XCSI K npo611eMaM 6e3onaCHOCTJ.1 l1.5IY, B TOM lJHCJIC peK0MeHJJ,aLl,Hl1 

MArAT3. YllTCH TaK)Ke onhIT ::iKcn11yaTau1111 6a3hI JJ,aHHh1x rocaTOMHaJJ,3opa Pocc1111 o 

HapyrueH11six a pa6oTe AC - 11Cvl-HAD,3OP. 

CTpyKTypa ¢aii11os 6a3bI JJ.aHHhIX 11tt¢opMau.110Httoti rncTeMbI J1CH-J151Y pa3pa6aTh1-

sa11ach B COOTBCTCTBl1H C Tpe6osaHHSIMH K «OTlJeTy O HapyrneHl151X B pa6oTe J1.5IY>>, co­

JJ,ep)KallJ,11Ml1CSI a PD,-04-10-94 [5 ]. B HaCTOS11.L1,ee speMS1 CTPYKTypa yT04H51eTcsi, 1-1To cssi-

3atto C pa3pa6oTKOM HOBoro I10JI0)KCHl1SI, a T3K)Ke C nOJiytleHHbIMH pe3yJihTaTaMH npose­

JJ,CHHOro B 1999 r. aHaJIH3a HHQ)OpMau.1111 0 HapyweHHSIX B pa6oTe J151Y, CO)J,ep)Karu_eHCSI B 

6a3e )J,3HHbIX. 

Atta11113 11tt¢opMau1n1 o ttapywemrnx B pa6oTe M51Y, coJJ,ep)Kall.J,e11cS1 a 6a3e JJ,aHHhlx, 

npOBO)J,HTCSI C .Ll,CJlbJO: 

- no.D.roTOBKl1 npe.1J.JIO)Kett11H no npeJJ.OTBparn,eHHJO nosTopemrn Hapyrnemi:ii:, cosep­

weHCTBOBaH11JO Cl1CTeM 11 3JieMCHTOB, Ba)KHblX )J,1151 6e3onaCHOCTH; 

- BblSIBJICHHSI 061.L1,11X 3aKOHOMepHOCTeH pa3Bl1Tl1SI HapyureHHH B pa6oTe J1.5IY; 

- OUCHKl1 pea11113aLl,Hl1 H 3Q)Q)CKTHBHOCTl1 KOppeKT11py10lll,HX Mep no 11TOraM 3KCnJiy-

aTau11w; 

- nporH0311POBaHHSI TCHJJ,CHU,1111 H3MCHeHH51 ypOBHSI 3KCnJiyaTaU,HOHHOH 6e3onaCHOCTH 

Ha onpeJJ,CJICHHhlM nep11o)J,; 

- onpeJJ,eJICHl1SI noKa3aTeJieH )J,JISI ou,eHKl1 COCTOSIH.115I TeKy[.Ll,ero ypOBHSI 3KCnJTyaTa­

U110HHOM 6e3onaCHOCTH J1.5IY 11 TCHJJ,CHLl,1111 H3MCHCHHSI 3Tl1X noKa3aTe11ei1. 

11,JISI oueHKH COCTOSIHHSI TCKy[.Ll,ero ypoBHSI 3KCn11yaTaL1,HOHHOH 6e3onaCHOCTH J15lY MO­

ryT 6hITh 11cnOJib30B3Hbl CJTCJJ.YIOI.Ll,HC JJ,3HHblC: 

- o6mee KOJIHlJCCTBO " HHTeHCHBHOCTb HapyruCHHtt; 

- KOJll1lJCCTBO, HHTCHCl1BHOCTb 11 cyll.lCCTBO co6hlTl1H C HapyweHl1CM rrpe.D.eJTOB H 

yc11ostt11 6e3onarnoi-1 3Kcn11yarau1-rn; 

- KOJIHlJeCTBO 11 HHTCHCl1BHOCTb OTKa30B B CHCTeMax 6e3onacHOCT11; 

- KOJIH4CCTBO 11 HHTCHCl1BHOCTb OTKa30B B CHCTCMax HOpMaJihHOH 3KCn11yaTau:1111 

(CH3); 

- KOJIHlJCCTBO npO}IBJICHHH Hl13Koro YPOBH}I KYJibTYPbl 6e3onaCHOCTH; 

- KOJIHlJCCTBO cpa6aThIRattw11 A3; 

- KOJil1 1ICCTBO BHenJiaHOBhlX CHl1)KCH11H MOI.Ll,HOCTH 11JIH OCT3HOBOB l15lY ncpCOHaJTOM, 

BCAYll.ll1M TCXHOJIOrJ1l[CCKl1H npouecc, np11 HapyweHJrn HOpMaJibHOl1 3KCn11yaTau1111; 

- KOJIH1 ICCTBO 0TK330B CY3; 

- o6ll.J,ee KOJI11 1 ICCTBO OTK330B 11 KOJIH4CCTBO H3JI0)KHBWl1XCSI OTKa30B B CH3; 

- OTKa3bl no rpynnaM o6opyJJ,OB3H11SJ; 
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- OTKJ3bl no HCBbHJCHCHHblM np11llJ1HaM; 

- KOJHfllCCTBO 11 HHTCHCHBHOCTb OWH60K nepcottana; 

- KOJHlllCCTBO HCAOCTaTKOB opraH113au.1111 3KCnnyaTau.1111; 

- 3H3411MOCTh .llJl51 6c3onaCHOCTl1 HapyweHHH B pa60TC 1151.Y; 

- co61>1TH51 C TTORblWCHHblM KOJll1llCCTBOM HaJJO)Kl18Wl1XC51 (33811Cl1Mb1X 11 HC33B11Cl1-

Mb!X) OTK330B; 

- KOJil14CCTBO OTK330B no o6Ill,ett np11ll11HC; 

- KOJIJ1llCCTBO nOBTOp5110lll,11XC51 OTK330B; 

- HCnocpCACTBCHHblC 11 KOpCHHblC np11411Hbl HapyIIICHH5I; 

- HCBhinOJlHCHHblC KOppeKTl1PYIOlll11C Meponpirnnrn, H3MC4CHHbIC no pe3yJibT3T3M 

paCCJICA0B3Hl151 HapyweH11tt; 

- aHaJior11llttb1e HapyUJeH1151 B pa6oTe A3HHOH 11 Apyr11x 115IY; 

- noKa3aTeJ111 3Hall11MOCT11 co61,n1111 Ha 115IY no lllKane INES. 
OnbIT pa6oTbI c J1CH-l1.5IY noKa3an, l!TO HMe1011.1,aS1C51 B Hett 11tt¢opMaU,tt51 MO)KCT 61,1Tb 

HCnOJlb30B3Ha AJI51 peweHH51 onpCACJJCHHblX 3aAall npH nOArDTOBKC T'OAOBOro OTllCTa no 

011,CHKC TCKymero COCTOSIHl151 6e3onaCHOCTl1 J15IY. 6a3a AaHHblX n03BOJJSICT o6ecnellHTb DOA­

T'OTOBKY A3HHblX AJISI rDAOBOro OTllCTa rocaTOMH3A30pa Pocc1111 . 

B ttaCTOSllll,CC speM51 MAfAT3 BCACTC51 no)lroTOBKa K e1,mycKy pyKoBOACTBa «C11cTeMa 

C006W,CHl111 0 HC06bl'IHblX C06blTl151X Ha 11CCJJCAOB,lTCJlbCKl1X peaKTOp3X>> [] 2 ]. PyKOBO)lCTBO 

ycnttasn11eaeT CAl1HbIC Tpe6oeatt1151 K npCACTasneH1110 e MAfAT3 TCKCToeoro coo6mett11SJ 

0 co6bITHl1, B TOM '-ll1CJIC B BHAC KOA11POBaHHOH 11HQ)OpMaU,110HHOl1 KapTbl, KOTOpbre 6y~yT 

33HOCHTC51 e KOMnblOTep Ea31,1 AaHHbIX 11cCJICAOBaTCJihCKHX peaKTopoe MAfAT3. 3To no-

3BOJil1T cTpaHaM - y1.racTHHKaM MAfAT3 eecTH o6MeH HHQJOpMau:11ei1 o Heo61>1YH1>1x co-

61>n1151x, rrpOH30lllCAUJHX Ha l1CCJJCAOB3TCJlbCKl1X peaKTOpax. CHCTCM3THllCCKl1H c6op J,f 

ou,em<a 3KClJJIY3Tall,110HHOro OnbJTa O HC06bll(HblX co6blTl151X Ha 11CCJICAOB3TCJibCKHX peaK­

Topax 51BJI5IIOTC51 O'-ICHb nOJJC3HblM cnoco6oM nOBbllllCHl151 3KCnnyaT3ll,110HHOH 6e3onaCHOCTH. 

HaAJJC)Kalll,HH 3H3JIH3 HC06hl'IHblX co6bITHH TI03B0Jl5ICT ycTaHOBl1Tb KOpCHHbie npJ1llHHbl l1X 

803Hl1KHOBCHl151l1113BJlC'lb U,CHHblC ypOKl1, KOTOpblC)lOJl)KHbl 6h1Tb H3YllCHbl 1111CITOJib30B3Hbl 

onepaTHBHblM rrepcoHaJIOM HCCJICJl,OBaTCJlbCKHX peaKTOpOB 11JIH l1X npOCKTl1PORlll,HKaMH 11 

e APYrHX u,e11SJx. IlepeAa1.1y coo6LU,cH11tt e MAfAT3 AOJl)KCH 06ecne,111eaT1> Hau,110HaJ1bH1>1tt 

KOOPAHHaTop, Ha3Half3CMblH npe)lnOllTl1TCJlbHO OT pery11Mpy10lll,Cro opraHa. 

Heo6XOAl1MOCTb pa3pa60TKH PyKOBOACTBa no 6e3onaCHOCTl1 «Tpe6oeaHl151 K CHCTCMC 

Y4CTa HapylllCHHH B pa6oTe l1CCJICJl,0B3TCJlbCKl1X 51JJ.CPHblX yCTaHOBOK», B KOTOpOM AOJI)KHbl 

61>1T1> YllTCH1>1 noJ10)KCHl1S1 npoeKTa K rncTeMe coo611.1,eH11tt B ¢opMaTe Tpe6oeaHl1H MAfAT3, 

a T3K)KC rrpCJl'b51BJICHbl Tpe6oeaHl151 K ¢attJIOBOH CTPYKType 6a3bl A3HHblX O HapyIIICHl151X 

B pa6oTe 115IY' B HaCTOSIIll,CC BpCMSI paccMaTpl1B3CTC51. 

5. 3AKJIIOt.JEHl1E 

O6cy)f(JJ.CHl1C l13JIO)f(CHHbIX BbllllC eonpocoe Ha CCMl1Hape TTOK333JIO, l(TO TTO,AXOA K op­

raHl133U,1111 ylleTa ttapywett11tt Ha 1151.Y 11 wx aHa1rn3y e PoccH11 H CWA no MHOmM eorrpocaM 

COBD3A310T. 

3To OTHOCHTC51, B '-13CTHOCTl1, K Tpe6oeaHHSIM, npCA1,51BJI51CMbIM K COACP)K3Hl110 OTllCT­

HOCTH O Hapymemrn, npCACT3BJICH11IO ee Ha 6yMa)KH0M HOCl1TCJIC, a T3K)KC B BH,AC, o6ec­

TIC411B310Ill,CM BB0A HHQ)OpMaU,H11 B KOMTTblOTCp 11 nOCJICAYlOW,1111 ee aHaJil13. Heo6xo,AHMO 

0TMCTl1Tb H3Jll1lll1C B «C11cTCMe OT4CTHOCTl1 0 co61>ITl1SIX, o6pa60TKC 11 aHaJll13C 3KCnJiya­

T3ll,HOHHOJ1 HHQ)OpMaU,HH» CllIA 6011ee MOW,HblX Bbl411CJll1TCJibHblX CPCACTB, npHMCH51CMbIX 

AJJ.SI c6opa H o6pa60TKl1 11HQ)OpMaU,l111, a T3K)KC TO, 4T0 3Ta Cl1CTCMa o6'hCA11HSICT B CAHHYIO 

CCTb KaK 3KCn11yaT11py101L1,11e opraHl13aU,11l1 (BJI3ACJibU,bl 1151.Y), T3K l1 opraHl133U,H11, HC­

nocpe)lCTBCHHO 3aH11Ma10W,11CC51 aHaJJl130M HaKann11eaCMOH 11HQ)OpMaU,J111, Bb1pa60TKOH KOp­

PCKT11pyt0llll1X Mep 11 pacnpocTp3HCHHCM 3KCn11yaTau,110HH0ro OnbITa. 
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lllHpoKoe BHeApem,1e 1-rncpopMau,110HHOH rncTeMhI y'-leTa ttapywett1111 B pa6oTe l15IY a 

rrpaKTHl!eCKYIO AeSITeJJbHOCTb KaK rocaTOMHaA30pa PocCHH, TaK H opraHOB yrrpaBJJeHHSI 

HCI10Jlb30BaHHeM aTOMHOH 3HeprHH H 3KCI1JJyaT11py10ru;11x opraHH3au,ml I103BOJIHT IlOBblCHTb 

3cpcpeKTHBHOCTb aHaJJH3a 06ru;11x rrpH'-IHH OTKa3a o6opyAOB3HHSI H rrp116op0B, o6ru;HX Tex­

HH'-leCKHX perneHHH H Ka'-leCTBO MaTepHaJJOB, HCI10Jlh3yeMblX rrpH C03J).amrn H 3KCI1JlyaTaU,HH 

I15IY. OAHaKO BHCApeHHe HH(pOpMaU,HOHHOH CHCTeMbI 3aAep)KHBaeTCSl H3-3a (pHHaHCOBbIX 

11 opram13au,11ottttbIX TPYAHOCTew. 

Att.:\JIH3 AeHCTBYIOUJ,HX HOpMaTHBHbIX AOKyMeHTOB, o6ecrre'-!HB3IOlJ.l,HX peryn11py10ru;y10 

AeSITeJJbHOCTb B o6naCTH 6e30I13CHOCTH HCCJJeAOBaTeJJbCKHX SIJ).epHblX ycTaHOBOK, IlOKa3aJJ, 

'-!TO HX COCTOSl.HJ-le He B IlOJIHOH Mepe OTpa)KaeT coapeMeHHOe COCTOSIHHe 3aKOHOAaTeJJbH011 

11 npaaoaow 6a3hI, ttaKorrnetttthIH orrhlT 3KcrrnyaTau,1111, peK0MeHAau:1m MArAT3 11 He o6ec­

rre'-IHBaeT I10Tpe6HOCTH rocyJ).apCTBeHHblX opraHOB yrrpaaJJeHHSI HCI10Jlb30BaHHeM aTOMHOH 

::>Hepr1m, 3KcnnyaTHpy10ru;11x opratt113au,HH 11 opraHoB pery;mpoBaHHSI. 

TTpoaepKH COCTOSIHHSI SIAepHOH H paAHaLl,HOHHOH 6e3onaCHOCTH J.15IY' nopSIAKa pacCJie­

AOBaHHSI H y'-leTa HapyweHHH B pa6oTe J.15IY B 3KCI1JJyaT11py10ru;11x opraHH3aLl,HSIX, npoae­

AeHHhle a 1998-1999 rr. OTAeJJaMH HHCileKLl,HH Me)KTeppHTOpHaJibHblX OKpyroB rocaTOM­

H3A30pa PoCCHH, noKa3aJJH, '-!TO HMeBrnHe MeCTO HapyweHHSI yCJJOBHH HOpMaJihHOH 3KC­

rrJiyaTaLl,JH1 He rrpHBeJJH K 06ny'-leH1110 rrepcottana 11 3arpS13Hett1110 oKpy)KafOru;eit cpeAhI caepx 

ycTaHOBJieHHbIX AJJSI HOpMaJJbHOH 3KCrrJJyaTaU,HH rrpeAeJJOB H Tpe6oaaHHSI COOTBeTCTBYJOUJ;HX 

HOpMaTHBHblX AOKyMeHTOB BbJilOJIHSIIOTCSI. 
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A H H O T A U, l1 tt n P O r P A M M, 

A T T E C T O B A H H bl X r O C A T O M H A )], 3 0 P O M P <I> 

AHHOTALl,l1SI TTPOrPAMMbl TRIFON 

flporpaMMa TRI FON 11pc,111a311a•Ic11a /l.1I>1 pac•IeTon 11poc-rpa11crneI11I0-:111epI·eT11L1ecKoro pacnpe11e1IeIm11 11ei1-
Tpo11on ll MII0r03011110h Ll,11JIHll/1Pl1'1CCK0fl Sl'ICHKC H ec pa~J111'IllblX xapaKTCPHCHIK, llKJIIO•ia>I napaMeTpbl, 1-1co6-
XO,[\l1MblC ,rvrn nponc,1emrn pac4eTon reTeporcm11.,Ix pcaKTopon. 

COMPUTER CODE TRffON ABSTRACT. The code TRIFON can be used for calculation of space-energy 
neutron distribution in a reactor cell and various cell parameters including that needed for overall heterogeneous 
reactor ca lcu la tions. 

1. HA3BAHl1E IlPOf'PAMMhl 

llporpaMMa TRIFON. 

2. 3BM 

IBM PC/386, 486, PENTIUM. 

3. IIOCT AHOBKA 3A,lJ,A lfl1 

TI porpaMMa TR I FON npeAH33Ha,retta AJHl pact1cTa npoCTpaHCTBCHHO-3HepreT11trecKoro 

pacnpe,!l.CJlCHl151 HeihpOHOB B MHOr030HHOl1 U.l1Jl11HAPl14CCK011 SllfCHKC l1 ee pa3Jll1lfHb\X xa­

paKTCpHCTl1K, BKJI}Ol(3}1 napaMCTpbl, Heo6xO,!l.l1MblC,!J.Jl51 npoBCACHl151 pac4CTOB rCTCporeHHbIX 

peaKTOpOB. L(m, MHOrD3OHHO11 U.11Jll1HAPl14CCKOl1 5Jl(Cl1Kl1 Bhl'll1CJI51IOTC51: 

l) npocTpattCTBCHHO-3HCprCTl1llCCKOC pacnpe,!l.CJICHl1C HCHTpOHOB B nOJIHOM ,!l.11ana3OHC 

3Hepmi1; 

2) 11HTCHCl1BHOCTM peaKJ.J,MH Ha K3)K,!l.OM :JJICMCHTC l1 B Ka)KAOH 3OHe; 

3) :::>ct>QJCKTl1BHhlH K03QJct>11u.11cHT pa3MHO)KCHHS1 M BKJl3A B Hero B 33B11C11MOCTl1 OT 3Hep-

nrn; 
4) KOJIH'ICCTBO HCHTpOHOB, 3JMC,!l.Jl11BWHXC51 HH)KC AJHHOH :JHCpr1111; 

5) M3JlOrpynnOBblC KOHCTJHThl C npO113BOJlhHblM :JHepreTl1'1CCKl1M pa36HeHl1CM; 

6) aKCH3JlhHa51 COCTaBJ1SltOLUas1 KBa,!l.paTa AJIHHhl MHrpau.1111 B 33B11CHMOCTH OT 3Hepr1111; 

7) Kp11Tl1l(CCKHH Jiannac11aH (aKCHaJibHbli\); 

8) M~npwu.a 3Q)¢CKTl18HblX rpaHHl(HblX ycJJOBHH Ha nosepXHOCTl1 U.HJIHHAP11tJCCKOrO 

o6beMa u ec aKcuaJ11,HaS1 cocTaBJI51JOLU~rn; 

9) aKTl183U.11OHHbH'. K03ct>ctmu.11cHTbl, 33A3IOLU11C CBS13b MC)KAY MaJiorpynnOBblM seK­

TOp-noTOKOM Ha noscpxHOCTl1 U.11JJ11HAP11'1CCKOro o6beMa 11 11HTCHCl1BHOCTSIMl1 pcaKU.1111. 

BeJJl1llJ1Hbl, yKa3aHHhlC 8 n. 8-9, CJiy)KaT BXOAHblMl1 napaMCTpaM11 AJl51 nporpaMM 

Pac,reTa peaKTopos no rcTcporeHHOMY MeToAy. 
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4. METOJ], PEUJEHlUI 

3aJ.J.aeTC51 JIICT0l(Hl1K 11HTCHCJIIBHOCTl1 I co cneKTPOM J.J.eJJCHH51 JII npocTpaHCTBCHHblM pac­

npeJ.J.CJICHJIICM, ou.etteHHbIM Jll3 OJ.J.HOCKOpOCTHOfO pac•reTa. MeTOJ.J.OM sep051THOCTCH nepBblX 

CTOJIKHORCHJIIH pewaCTC51 Mttororpynnosa51 CJIICTeMa 11HTerpaJJbHblX ypaBHCHHH. J1cnOJJb3Y­

eTC51 c 11cTeMa KOHCTaHT TJ11na EHAE s TpattcnopTHOM np116mv1<ett1111 . HeKOTOpb1e Ha6opb1 

rpynn RHJ.J.a j 1 < j < h MoryT 6b1Tb 06bS1BJJetth1 <<PC3ottaHCHblMH» c noJ.J.pa3611etttteM tta 3a-

J.J.attttoe 4JIICJIO n :)HeprCTJlll[CCKHX JIIHTepsaJJOB. Cct(CHl151 BhlJ.J.CJICHHblX Jll30TOnOB onpeJ.J.CJJ51-

IOTC5I no napaMCTpaM pe30HaHCHblX ypaBHCHJIIH C nOMOW,blO peweHJll51 A11<pcpepeHU,JllaJJhHhIX 

ypaBHCHl1W, ytlHTblBalOll.l,JIIX J.J.OnJJep-:>cpcpeKT. 8 :>TOM CJJy4aC J.1.Jl51 MaTpJIIU.bl ynpyr11x nepe­

XOAOB 11cnOJJh3YCTCSI MOACJlb pacCC51Hl151 Ha cso60JI.HblX aTOMaX. Pa3611CHJIIC BblJl.CJICHHOfO 

HHTepsaJJa J1ernpr1111 (u
0

, u 11) npol13BOAHTC51 HCXOASI 113 Tpe6osamrn pasHoMepttoro pacnpe-

ACJJeH11sI cpyHKl].JIIJII F(u), CB513aHHOW C OU.CHKOH norJJOI.Il,CHl1SI HCWTpOHOB OT llo AO Un Ha 

BCCX pC30HaHCHblX ypOBHSIX scex 1130TOnOB. 3THM o6ecnC4HBaCTC51 aBTOMaTJll'-ICCKOe cry­

w,ettJlle pa36HCHJ.151 K U,CHTpaM PC30H3HCOB, Ha Kcl>KJ.J.b[H Jll3 KOTOpblX Jl.OCTaTO'-IHO 5-7 JIIH­

Tepsanos. )],JJ51 MHOfOl[l1CJICHHblX pC30HaHCOB npl1 BblCOKJIIX ::meprl151X MOryT 6h1Tb JIICJTOJlh-

30BaHbl 3(p(pCKTJIIBHhlC pe30HclHCbl, n03BOJHIIOW,JIIC C npl1CMJICMOH TOl(HOCTblO OilJIICclTb 3(p­

cpeKTbl pC30H3HCHOfO nOrJJOW,CHl151 HC60JJblllHM 11X l111CJIOM. Pac'-leT npocTpaHCTBCHHOro pac­

rrpeAeJJCHH51 HCHTpOHOB TCnJJOBblX :>tteprnw RbinOJIHSICTC51 C CC4CHJ1151MH, ITOJJY'ICHHhIMJII npl1 

06pam.ctt1111 K TepMaJ1113au,11ottttow noAnporpaMMe TERMIT, 11 HCT0•1tt111<aMJ11, onpeAeJIS1e­

MblMJ11 TOK3MJII 3aMCJ.J.JICHJ151. Jl,JJ51 Bhl4JIICJICHHSI M3TP11U. pacce51Hl151 HCilOJlb30B3Hhl n51Th pa3-

JIJlll[HblX MOACJJe». Ko:>cpcp11u,11ettT pa3MHO>Kett11S1 (JIIJJH BKJiaJ.J. s Hero AO 3aAattHOH :>tteprn11) 

onpeAeJJ51CTC51 KaK JIIHTCrpan no o6beMy OT npOl13BCACHJ1151 noTOKa tteihpOHOB Ha MaKpO­

CKOnH'ICCKHe CC4CHJ1151 ACJJeHJll51 JII l[HCJla BTOp114HhlX HCHTpOHOB Ha ACJICHl151. MaTp11u.a 3QJ­

cpeKTl1BHhlX rpaHl1'-IHblX ycJJOBHH Ha nosepxHOCTH LI;l1Jll1HJl.PH'ICCKOro OObCMa, ee aKCl13JlhHa51 

COCTaBJJ51l0ll.l,a51 JII aKTJIIBaLI;JIIOHHblC K03(p(pl1U,l1CHTbl Bbl'-111CJl51IOTC51 no ycoseprneHCTBOBaH­

HOMY reTeporeHHOMY MeTOAY. TTorpelllHOCTb paCt[CTOR - Ha ypostte norpernHOCTCH paC'-ICTOB 

no nporpaMMaM MCTOJ.J.a MottTe-KapJJO, JIICnOJJb3YIOW.JIIX pa3JJl1•1HbTe 6116JTHOTCKJ,f KOHCTaHT 

Twna ENDF/B - 0,5-1 % s KO:>~>cpnu;HettTe pa3MHO>Kett11si 113-5% B OTHOlllCHH51X '-IHCeJI 

peaKU.HH. B C04CT3Hl1J1 C TpCxMepHblMH paCl[CTaMH peaKTOpa AJJ5I MHOfO'-IHCJleHHbIX cepl1H 

3KCnCpl1MCHTOB (nops!J.J.Ka 50) Ha KPJIITl14CCKJIIX c6opKax o6ecne4HB3CTCSI A11CnepCH51 B 0,3-

0,4 % B K03(p(pHU.HCHTe pa3MHO>KCHJll51 JII 2-4% B paJ.J.113JlhHhlX pacnpeJ.J.CJJCHl151X CKOPOCTCH 

peaKu.11». 

5. OrPAHMqEHMSl CJ1O)KHOCTJ1 3AJ],AqJ1 

.no 20 (p113Jlll[CCKJIIX 30H' AO 50 CJJOeB, B 6116JJJ1JOTCKY MO>KHO BKJIJO'-laTh AO 90 3JICMCHTOB, 

nOJJHOe l[l1CJIO rpynn (c nOApa36JIICHJlleM) npl1MCpHO AO 150 (3aBl1CJIIT OT CJIO>KHOCTH sap11-

aHTa), M,'IJIOrpynnoRblC npeJ.J.CTaBJJCHJll51 (MaTp11u,a 3(pQ)CKTHBHhlX rpaHH'IHblX ycJJOBHH H 

T.n.) - AO 5 rpynn. 

6. TMilM:lfHOE BPEMSI ClfETA 

OnpeJI.CJI51eTcsi CJJO>KHOCThlO 3aAa411. Pac'-leT 514CHKH PEMK (s U.HJJttHAPH'ICCKOH reo­

MeTp1111) ~ 3 MJIIH (JBM/ PC-486); pac•1cT :>QJ<pCKTJIIBHhlX rpattH'-ltthJX yCJJOBHH ;::(JJ51 6JJO'IKa 

BB3P s 4-rpynnosoM npeACTasnctt1111 3 MHH. Cep1151 113 G + I (G < 6) pac'-ICTOB 51'-ICHKH, 

tteo6xOAJ11Mh1x AJJ5l s1,I•I11CJ1ett115l GxG MaTpHu,bI :>cpcpeKTJIIBHbJX rpatt11'-ltth1x yCJJOBHH no Bb1-

4J11CJ1J11TCJ1hHhlM 3aTpaTaM, 3KBHRaJJCHTHa ABYM paC4CTaM 51'-ICHKH. 
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7. OCOfiEHHOCTM ITPOrPAMMbl 

flporpaMMa yHJ-rnepcaJihHa: AJ151 pacttCTa 5ll(Ci1Kl1 33A3IOTC51 AaHHhlC TOJibKO O reoMeTpHtl 

Ji[ COCTase. ,lln11 BBOAa AaHHblX pa3pa60TaH cneu.11aJ1bHbll1 513blK C HCKOTOpblM CJIOBapttblM 

cocTaBOM 11 rpaMMaTl1l(CCKl1M CTpOeM, n03BOJI51JOW,1111 ocym,eCTBJI51Tb 6eccpopMaTHbl.11 BBOA 

11 attaJil13 ourn6oK BBOAa. ,ll;rn ynpaBJICHl151 (pa6oTa C 611611110TeKOH, pC;>Kl1Mbl CllCTa, ne43Tl1, 

rpacpHKl1 11 T.n.) 11Cn0Jib3YCTC51 Cl1CTeMa npHK330B (CJIOBa, H3llHHalOlU11CC51 Cl1MBOJIOM *). 

Tio KOHCT3HTHOMY o6ecnC4CHl1IO nporpaMMa aBTOHOMHa. 11MeeTC51 6i-16JI110TCKa rpyrr□OBblX 
KOHCTaHT 11 pe30HaHCHblX napaMeTpOB npWMCpHO AJ151 200 3JICMCHTOB B TCKCTOBOM s11.n.e, 

COCTaBJICHHH51 no TTOCJICAH11M mnepaTypHhlM AaHHhlM. no TCKCTOBhlM AaHHhlM cpopM11pyeTC51 

nOCT051HHa51 6i,1611110TCKa, KOTOpa.51 MO)KCT nonOJIH51TbC51 11 B11A0113MCH51TbC51. PaCClll1T3HHble 

MaJiorpyrrnOBhle xapaKTep11CTl1KH 3an11c1,rna10TCII Ha M,ll 11 MoryT Clll1TbTBaThC51 rrpH pa6oTe 

nporpaMM paC4CTa peaKTOpOB. 

8. BCilOMOrATEJJbHbIE l1 COTIYTCTBYJOIU.HE IlPOfPAMMbl 

l1cnoJih3yeTC51 Mttororpynrrosa51 CHCTeMa KOHCTaHT THna EHAE co CJ1eAy10w,11M11 .n.att­

HhIMH: 

- H3 MOHOrpacp11l1, ony6JIWKOBaHH011 B c6opHl1Ke «51.n.epHhlC K0HCTaHThr»; 

- 113 0TlfCTOB (J)3J1, napaMeTpbl pe30HaHCHbIX yposHeH, napaMeTpbl 3Q)Q)eKTl1BHblX 

pC30HaHC0B; 

- 113 BNL 4-ro 1131:i:attm1; 

B TeTTJIOB0.11 0611acn1 3Hepr1111 11cnOJ1b30BaHhl 0.51Tb MOAeJIC.11 pacce51Hl151 11 ou,eHeHHble 

AaHHble B.A. Kottbilll1Ha. reTeporeHHhlC xapaKTep11CTl1Kl1 (HaKOnJieHHble B o6MCHHOM ¢a11-

J1e) 11cno11h3Y10TC11 KaK BXOAHhte napaMcTpb1 s nporpaMMC paccreTa peaKTopos SHERATON, 

OCHOBaHHOH Ha ycosepweHCTBOBaHHOM rcTeporeHHOM MeTOAe. 

9. COCT051Hl1E ITPOfPAMMbl 

TTporpaMMa HaXO.l].J1TC51 B 3KCn11yaTau,1111 CBblWC 15 JICT. 3a 3TO speM51 BbinOJIHCHbI 

MHOrQLJHCJICHHbIC paClfCTHbte 11CCJICAOBaHJ151, CB513aHHblC C o6pa60TK0.11 3KCnep11MCHTOB 11 

~pOCKTHhIMl1 pa60T3M11. TTporpaMMa TCCTI1posa11ac1, no A3HHhlM 3KCnep11MeHTOB 11 paCLJCTOB 

no MeT0AY MottTe-Kap110, a TaK)KC no 3Kcncp11MCHTaM Ha Kp11T11ttCCK11.x c6opKax (s colfe­

Tatt1111 C paC4CT3Ml1 c6opoK no reTCporeHHOMY MCTOAy). 3a speM51 3KCn11yaTau.1111 nporpaMMbl 

61,11111 BhlnOJIHCHbl MHOrOtIJ1CJleHHble ycosepweHCTBOBaHl151, Kaca10w,11ec51 ycKopemrn ClfeTa, 

BKJIJOlJCHl151 AO□OJIHMTeJibHhlX pactteTHhlX B03M0)KH0CTeH (aKCl13JlhHa51 COCTaBJl51IOLl.l,351 MaT­

P11U.bl 3(p(pCKTl1BHblX rpaHHlfHblX YCJIOBl111 11 T.n.), a TaK)Ke rrp0113BCACHa a.n.arnau.m1 rrpo­

rpaMMbl Ha 3BM JBM/PC 11 VAX. 

TiporpaMMa AeITOHHpOBaHa B O(J)ATI-51P H aTTCCTOBaHa rocaTOMH3A30pOM pep B K0M­

nJieKce c rrporpaMMOH SHERATON (aTTecTau,110HHhIJ1 nacnopT NQ 66, BbIAaH 06.03.1997). 
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2. Kochurov B.P., Kwaratzheli A.Yu., Michailov V.M. Computer code TRIFON, 

Manual: Preprint ITEP-10, 1995. 
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6.n. Ko4ypos, A.IO. Ksapau,xen11, B.M. MHxaunos. rHI._J: P<l> HT3<1>, 117259, MocKsa. 

16. HMEIOllJ,HECSI. MA TEPHAJlhl 

TeKCTOBhle 11 11cn0J1HS1eM1>le cpaHJil>I, Ha6op HMeJOI.LI,HXCSI KOHCTaHT B TeKCT0B0M BH.Z.e 
11 B Bl1Ae nOCTOSIHHOH 6116m10TeKH, npenp11HTbl 11 T.n. 

CrnTbSI nocryn11J1a B penaKU,1110 28 HI0HSI 2000 r. 

Bonp0Chl aT0MHOH Hayu1 11 TeXHHKH. 

Cep. C(h13HKa 11nepHb1X peaKTOpoe, 2000, Bbln . I, c. 73-76. 

AHHOTAIJ.HSI IlPOrPAMMhl SHERATON 

nporpaMMa SHERATON npen11aa1m 11e11a MIi 3-MepHbJX pac11eToe peaKTopoe no ycoeepweHCTeoeaHHOMY 
MeT0AY reTeporel-lll0H TeOpHH . 

COMPUTER CODE SHERATON ABSTRACT. The code SHERATON can be used for 3D calculations of 
nuclear reactors by the advanced method or heterogeneous reactor theory . 

1. HA3BAHHE TTPOfPAMMhl 

CTporpaMMa SHERATON. 

2. 3BM 

IBM PC/386, 486, PENTIUM, VAX. 

3. TIOCTAHOBKA 3A,[l,Aql1 

Bl>l411CJICHl-1e :::,cpcpCKTl1BHOrO K03cpcp11u,11eHTa pa3MH0)KeHHSI 11 pacnpeAeJieHHH :rnepro­
Bb1AeJJeHl1SI 11 lll1CCJI peaKU,1111 R 3-MepHOH M0ACJ111 reTeporeHH0ro peaKT0pa C Heo.z.Hopo.z.­
HhlMl1 no BblC0TC KaHaJ1aM11, 11MCIOW,HMl1 KYC04H0-n0CT0Sl"HHblC CBOHCTBa 11 pacn0JI0)KeH­
HhlMl1 B y3nax perynstpHOH KBaApaTHOH 11JIH reKcaroHaJibHOH peweTKH AJISI peaKT0poB C 
411CJJ0M K,IHaJJ0B AO 2000. 
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4. METO.ll, PEWEHl1SI 

8 nporpaMMC 11cnOJ1h30RaH ycoRcpwCHCTRORaHHhll1 MCTO)l TCOl)H11 rCTCporeHHOro pc­

aKTOpa, OCHOR3HHhltt Ha QJOPMYJIHl)ORKC o6ll.lHX MaJiorpynnORhlX ypaRHCHHH reTcporCHHOro 

peaKTOpa, 33RMCSIW,11X OT Jlut1JQJY3110HHOro THna MaJiorpynnORhlX q:JyHKU.1111 BJIHSIHIUI 11 MaT­

ptt'IHhlX xapaKTepHCTHK 5IllCCK (A-MaTp11u.)' a T3K)KC 1-1a6opoR K03q:JQJ11U.HeHTOB, TT03BOJI51-

IOII\11X BOCCTaHaBJIHB:lTb CKOpOCTH pcaKll,HH no pc3yJihTaTaM rno6aJlbHOro paCt(CTa peaKTOpa 

(R-BCKTOpOB) 11 CBSl3bIBal0ll.l11X BCKTOp-nOTOKH 11 BCKTOp-TOKH Ha HX rpaH11u.ax, B npe)l­

CT<IBJieHl111 ypaBHCHl1H B nptt6J111)KCHHOi1 pa3HOCTHOl1 QJOPMC. TTpe)lCTaBJICHl1C BblCOTHb1X 

3aBl1C11MOCTCH KOHCl(HhlM PSIAOM <DyphC coxpaHSICT QJOPMY ypasHeHl111 KaK B 2-MepHOM 

CJiy4ae H 11CKJIJOlfaCT 1-1eo6XOJll1MOCTb CCT04HOl1 o6pa60TKl1 BblCOTHblX HCO)lHOPOAHOCTeH • 

.il.Jl.51 BHYTPCHH~IX l1TCpau.11i-i 11CnOJib30BaH C11MMeTp11YHblH MCTOA nocJICAOB.:tTCJlbHOH 

sepxHeH pe11aKcau.1111 Botinpecca, AMI BHCWHHX HTCpau.1-111 np11 OU.CHKC :>qJQJCKTHBHOro K0-

3QJQH11.l,HCHTa pa3MHO)KCHl1SI HCnOJib3YCTCSI peJICCBCKOC OTHOWCHHC np11 npe)lCTaBJICHHH onc­

paTopa, onpC)lCJl5IIOW,Cro ~ICT0 1IHHK, R RHAC pa3HOCTl1 ABYX oncpaTopos. TTp11MeHeH MeTOA 

ycKOpCHl1SI BHCWHl1X 11Tepau.Hi1, OCHORaHHhl~i Ha OU.CH KC pa3HOCTl1 B TCnJIOBOH LfaCTH nOTOKa 

HCHTPOHOB 113 ABYX COCC)lHHX HTCpau.Hh l1 CYMMHpOBaH~ll1 psI)la H3 TaKl1X pa3HOCTel1 B npe)l­

TTOJIO)KeHHH, L(TO OH~( COCTaBJISIIOT reoMeTp11t(CCKYIO nporpeco110. 

8XOJlHb/Ml1 AaHHhlMl1 (xapaKTCpHCTHKaMH KaHaJIOB) )lOJl)KHbl CJIY)Kl1Tb MaJiorpynnOBblC 

A-MaTpHll,bl 11 Ha6opb1 KO:>QJQHIU.HCHTOR )lJISI BOCCTaHOBJICHl151 CKOpOCTCH peaKU.l1H, noJiyYa­

CMble no ycoscpWCHCTROBaHHOMY MCTOAY TCOpl111 rCTCporCHHOro peaKTOpa no nporpaMMC 

TRIFON. 
06pa60TKa MI-IOrQ411CJICHHblX ccp11r1 :>KcnCp11MCHTOB (nOpSl)lKa 50) Ha Kp11T11LICCKHX 

c6opKax IlOKa3aJia, l(TO B K03QJQJ11U.11CHTC pa3MH0)KCHl15I o6ccnCL(l1BaCTCSI Jll1Cncpc11sI OKOJIO 

0,3-0,4 % 11 B pa)l11aJ1bHhlX pacnpC)lCJICHHSIX CKOpOCTdi pcaKu.11r1 OKOJIO 2-4 % . 

s. orPAHJ1l.fEHJ1SI CJ10)KH0CTW 3AJ],ALIJ1 

411c110 rpynn X 1111CJIO KaHaJIOB X l(HCJIO aKc11aJ1hHblX rapMOHl1K < 50 000. 

4HCJIO THnOB KaHaJIOB < 40. 

l.!HCJIO THnOB aKCl1aJlhHblX QJ11311l(CCKl1X 30H (Tl1nOB 5(llCCK) < 40. 

6. THnW-IHOE BPEMSI CLfETA 

PcaKTOP C 1200 KaHaJiaMl1 JlJISI 4CTbIpex rpynn, ceM11 BblCOTHblX rapMOHl1K - 2,5 MHH 

Ha IBM PC-486 (66 Mfu). 

7. OC06EHHOCTl1 ITPOrPAMMbl 

8. BCTTOMOrATEJ1bHblE 11 conYTCTBYIOlll,l1E TTPOrPAMMbl 

f'cTeporcHHblC xapaKTep11cT11K11, pacctIHTh1BaCM1>Ic no nporpaMMC TRIFON (1-1aKon­

JICHH1>Ie B o6MCHHOM QJ3HJIC f04)' HCTT0Jlb3YIOTC51 KaK BXO}lHhle napaMCTpbl B nporpaMMC 

pac 1IeTa peaKTopos SHERATON. 

9. COCTOSIHJ1E TTPOrPAMMbl 

TTporpaMMa SHERATON 5Isns1cTcsI npccMHHKOM ccp11n nporpaMM, npc}lHa3Ha,IcH1-11>Ix 

AJISI pactICTa pcaKTopos no rcTcporcHHOMY MCTOAY - DISHER (2-Mep1-1a51 nporpaMMa, 

oc1-1osa1-11-1a51 Ha np5IMOM pcwc1-11111 ren;poreHHblX ypas1-1c1-11111), MA CAR (2-MepHa51 npo­

rpaMMa, oc1-1osaH1-1aS1 1-1a pcwc1-11111 reTcporeHHhlX ypasHCHH~i s pa3HOCTHOH ¢opMe), TR EC 
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(3-Mcptta51 nporp;lMMa, 0CH0RHHH,UI Ha peweHHH reTeporCHHhlX ypaRHCHJ,111 R pa3H0CTHOl1 

QJOPMC). 3n, nporpaMMhl pa3pa6an,1Ba1111c1, B C0OTRCTCTRHH C MCTO[la11,111, pa3RIITblMM aR­

TOpOM naHHOii CTaThl1, B TC•ICHMC 6011cc 15 / JCT, npOX0[\111111 WHpOK1ti,i OnhIT :JKCn11yaTau,1,u,1 

11 B3aHMH0 TCCTHp0BaJIIICb B paMKax 0611u1x 0611aCTCH np11MCHl1M0CHI. EcTCCTBeHHO, OHH 

0Tpa)K;l,111 H RO MHOfllX L\CTi11151X HilC1IC[I0Ba1111 R03MO)KH0CTl1 Bhllll1C11HTe11hHhlX MOW.HOCTe(1 

c11ocro RpeMCHM - 38M rnnoR 6'3CM-4, 63CM-6, EC-1061 c 11x orpatt11~1eHHOCThlO onc­

panrnttoi,\ 1-1 RHCWHeii naMstT11. SHERATON - BH0Bh 11,:in11caHHa51 nporpaMMa 113 :JToti 

cep1111 )]1151 pcweH~rn rCTcporCHHblX ypaRHCHl1~1 R pa3HOCTHOl1 Q)OpMC. CocTaB11CHa L\1151 KOM­

nblOTCpOR rnna IBM PC-486, PENTIUM, 11cnom,3ycT MHOroMCpH1,1e Macc11B1,1, nonnpor­

paMMht C napaMCTpaMH, He o6pawacTC51 K BHCWHCi-'t naM51Tl1, R Heil 11cno111,3yeTC51 6011cc 

npocTas1 CTPYKTypa (no cpa11Hctt1110 c TR EC) reTeporettttoro ypastteHH51 c11tttteiittoit (BMeCTO 

He1111HeHHOH) 3aRHCl1M0CThlO OT :JQ)Q)CKTl1RHOro KO:JQ)QHIIJ,~leHTa pa3MH0)KCHH51, 3TO n03B0-

115ICT HCK11IO'I11Th L\RYCTyncw1aTyt0 npou,enypy ero HaXO)K)]CHH51 C OllCHb HeycTOl1•1HBOl1 Ha­

CTp011K011 napaMCTpOB, R11H5110W11X Ha CX0[IHMOCTh pcwettH51, ynpowetta 110rHKa o6pa60TKH 

naHHhlX R6Jllt311 rpaimu, pcaKTOpa. MHOf0L(l1C11CHHhlC paCLICTHhlC ~ICC11C[IOBaHH51, Bhin011-

HCHHblC no nporpaMMC SHERATON H11M ci,i npenwcCTRYIOWHM, CB513aHhI c o6pa6oTKoii 

:JKCnCpHMCHTOR 11 npOCKTHhlMH pa6oTaMM. TTporpaMMa TCCT11posa11ac1, no pe3y11hTaTaM 

cpaRHCHl15I C npCL\WCCTBYIOWHM11 nporpaMM,IM~I, no L(aHHhlM :JKCnepHMeHT0B Ha Kp~rTH'Ie­

CKHX c6opKax peaKTopa tty11CRoi1 M0WHOcn1 MAKET. 

TTporpaMMa ncnoHHposatta 110(!)Af1-51P 11 aTTeCT0RaHa rocaTOMH3JJ.30poM P(!) B KOMn-

11cKce c nporpaMMoi-'1 TRI FON (aTTccTau,110Htth1~i nacnopT NQ 66, BhIJJ.aH 06.03.1997). 

10. CCbIJIKl1 

Kochurov B.P. An advanced method of heterogeneous reactor theory. -

J. AER I-Review, 94-002, JAERI, I 994. 

11. TPE60BAH1151 K 3BM 

He Mettee 8 M6a11T oncpanrntto11 naM51nt . 

12. 513blKH nPOfPAMMHPOBAHH51 

13. onEPAU,110HHASI CHCTEMA 

Power Station, WINDOWS 3.11 111111 WINDOWS-95. 

14. ,l],OCTOJJHl1TEJJbHA51 HH<DOPMALl,1151 

O61,eM TeKCTa 0K0110 6000 CTpOK. 

15. ABTOP nPOrPAMMbl 

6.TT. Kol1ypos. rHLI, P(!) v!T3(!), I 17259, MoCKsa. 
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-
16. 11MEIOlll,l1EC51 MATEPl1AJibl 

TeKCTOBbie 11 11cnoJIHS1eMhIC cpai111h1, npcnp11HThI 11 T.n. 

ITporpaMMa Aenott11.posatta B Oct>AIT-51P 11 aTTCCTOBaHa rocaTOMHaA3opoM Pct> s KOM­

nJICKcc c nporpaMMoi-i TRI FON (aTTCCTau,110HHb111 nacnopT NQ 66, BbIAaH 06.03.1997). 

CrnTb~ noCTyrurna 11 peAUKL(HIO 17 HIOJIII 2000 r. 

BonpOCbl aTOMIIOH 11ayKH H Tex1rnKJ-t. 

Ccp. <l>H3HKa ~ACPHblX peaKTOP0B, 2000, Bbln. I, c. 76-79. 

AHHOTAI.1,1,1.sl nPOfPAMMbl STEPAN 

npHBeAellO KpaTKoe OnHcam1e nporpaMMbl STEPAN, n03BOJIIIIOllleH npOBOAHTb ABY- H TpexMepHble pac•1eTbl 
11eKOTOpblX 3cpcpeKTOU peaKTHBHOCTH, xapaK-rep~13y10W.HX S1Aep11y10 6e3onaCHOCTb peaKTOpOB P6MK B AByxrpyn­
nOBOM AHQ)Q)Y3HOHIIOM npH6JIH>KCIIHH. 

CODE STEPAN ABSTRACT. A short description of STEPA code is given. The code is designed for 2D 
or 3D calculations of the reactivity effects important for nuclear safety of RBMK-reactors in two-group diffusion 
approximation. 

1. HA3BAH11E TIPOfPAMMbl 

ITporpaMMa STEPAN. )lsy- 11 TpexMepHhIH pac4eT 3cpcpeKTOB peaKTHBHOCTH, xapaK­

Tep113yio11.J;11x }IACPHYlO 6e3onacHOCT1> peaKTopos PEMK. 

2. 3BM 

PC-386, VAX. 

3.ITOCTAHOBKA3A)lAql1 

TTporpaMMa npeAHa3Ha4eHa AJISI paCl(CTa HCKOTOpblX 3cpcpeKTOB l1 K03Q)Q)HU,11CHTOB pe­

aKTl1BHOCTl1, xapaKTCp113YIOLl.l,11X SIACPHYlO 6e3onaCHOCTb peaJJbHblX COCTOSIHHH 3Hepro6JIO­

KOB c peaKTopaM11 nma PBMK. TTpCAYCMOTpeHo no11yll11Tb pac4CTHhIM nyTeM c11eAy1011.J;ee: 

a) 3Ha4CH11C /33cp AJJSI paccMaTpHBaeMoro COCTOSIHHSI; 

6) napOBOH K03Q)Q)WU.11CHT peaKTl1BHOCTJ1, TeMnepaTypHbIC K03(p(p11LI,11CHTbl peaKTHB-

HOCTH no TOWIHBY l1 rpacp11Ty' 6bICTpb!H MOLU,HOCTHOH K03Q)Q)11U,l1eHT peaKTl1BHOCTH; 

B) 3cpcpeKT noJIHOro o6e3BO)KHBaHHSI KMITU B pa6o4CM cocTOSIHH11; 

r) cKopocTHYJO 3cpcpeKTHBHOCTb asap1111tto11 33LU,HTbI no e11rna11y A3 B pe)KHMe BA3; 

A) 0OAKP11Tl14HOCTb peaKTOpa B pa30TpaBJJCHHOM pacxOJJO)KCHHOM AO 280 °C COCTOSIHl111 

C norpy)KeHHblMl1 (KpOMe EA3) CTep)KHSlMl1, C r1eTOM speMCHH CTOSIHKH 6JJOKa; 

e) TT0AKPHTl14H0CTb peaKTOpa B pa3oTpasJieHH0M paCX0JI0)KeHH0M AO 70 °C C0CT0SIHIDl 

C norpy)KeHHblMl1 (KpOMe BA3) CTCp)KHSIMl1, C y4eTOM BpCMeHH CT0SIHK11 6JJOKa; 

)K) 3cpcpeKT o6e3BO)KWBaH11SI KoCY3 s cocT0Sitt1111 «e»; 

3) TCMnepaTypHbIH K03(pQ)11U,11eHT pa30rpesa C 70 AO 280 °C; 

11) 0OAKPl1Tl14H0CTb peaKT0pa np11 np0X0)KAeHWl1 HOAHOH SIMbI; 

K) paClleTHbIH nopSltJ.0K 113BJIClJeHl151 CTep)KHei-i npH BblX0tJ,e B KpHTC0CT0SIHHe X0JI0AH0ro 

pa3oTpasJieHHoro peaKTopa. 
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4. METO.ll. PEIIJEHMSI 

B He.i1TpOHHO-cjJJ13114eCKOM 6110Ke pewaCTCSI npsiMaSI 33A343 Ha K3QJ' a TaK)f<e conpsi­

)f<eHHaSI 3aAal!a. TToCJJeAHSISI nO3BOJJSleT 11cnOJJb3OBaTb cj)opM3JlH3M TeOpHH BO3Mym;emtii 

AJJSI paclleTa HeKOTOpbIX 3cj)cj)eKTOB. KpoMe COKpameHHSI 3aTpaT apeMeHH, npH TaKOM IlOJJ.­

XOAe MO)KeT 6bITb noJJylleHa H 6011ee BblCOKaSI TOl!HOCTb, HanpHMep, B pac4eTe a'I', KOrJJ,a 

BO3MYUJ.CH11e M3JJO 11 ero npSIMOH pacl!eT no H3MeHeHHIO K3QJ CBSl3aH C OmH6KaMH rrpH 

l!HCJJeHHOH peam13au.1111. PelllaIOTCSI ypaaHemrn: 

l 
VDIV<l>I - L1<l>1 + K (vLf<l>I + VL1<I>2) = 0, 

3cp I 2 (1) 

V D2 V<l>2 - L2<l>2 + L12<l>1 = 0. 

Bee o603HalICHHSI B ypaBHeHl1SIX (l) 06w.e113seCTHbJ. YpaBHCHHSI (1) pemalOTCSI rryTeM npe­

o6pa30BaHHSI K KOHel!Ho-pa3HOCTHOMY BHAY c OAHOH TOllKOH Ha SilleuKy a (x-y)-nnaHe H 

JJ.O 64 3OH no BbICOTe. PewaIOTCSI ypaaHeHHSI HTepau;HOHHbIM MeTOJJ.OM, ycKopeHHhIM IlOJIH­

HOM3MH LJe6hJll.IeBa. KpoMC ypasHeHHH (l) B HCHTPOHHO-cj)H3HlleCKOM 6JIOKe pemaIOTCSI 

ypaatteHHSI AJISI u,eHHOCTCH HCttTpOHOB AeJieHHSI: 

VD1V<J)i - Li<l>i + Ldl>i + -f--vL/<l>i = 0, 
3QJ I (2) 

V D2 V<l>i - L2<1>i + -f-- VL! <J)i = 0. 
3QJ 2 

l.I,eHHOCTH HCilOJib3YIOTCSI B paclleTax K03cj)cj)HI.I,HeHTOB peaKTHBHOCTH H CKOpoCTHOU 

3cj)cj)eKTHBHOCTH asapHHHOH 33lllHTbl no COOTHOWeHHSIM TeopHH B03Mym;eHHH, corJiaCHO 

KOTOpblM peaKTHBHOCTb paCCl!HTbIBaeTCSI no cj)opMyJie: 

p(t) = f [<I>tV~D1V<l>1 + <1>tV~D2V<l>2 - ~L1<l>1<l>i + ~vLf<l>l<l>i + 
I 

V 

rAe ~ O3HallaeT 113MeHeHHe COOTBeTCTBYJOUlero celleHHSI. 

BeJIHl!HHbl peaKTl1BHOCTl1, KaK npaBHJIO, Bblp3)1<3JOTCSI B eJJ,HHHU.ax/33cp - 3cj)cj)eKTHBHOU 

JJ.OJIH 3ana3JJ.bIBa10m11x tteifTpOHOB. Bem1ll11tta /33<P a nporpaMMe STEPAN paccllHThrnaeTCSJ 

Jl.JISI Ka)f<AOro COCTOSIHHSI peaKTOpa C ylleTOM cj)aKTHlleCKOH KapTorpaMMbl 3arpy3KH: 

(4) 

3AeCb 

(5) 

rAe i npo6eraeT no AeJIS1lllHMCS1 H3OTonaM. 

B HaCTOSlll)eH sepCHH nporpaMMbl YllHThlB3IOTCSI llCTbtpe AeJISIID;HXCSI H3OTona: 235U, 
238u, 239

Pu, 141 Pu; vL} (k = l, 2) - MaKpocKonHllecKHe celleHHsi rettepau,HH tteuTpottoa 
k 

Ha i 113OTOne, a VL/k (k = 1, 2) - cyMMapHble MaKpOCKOnHlleCKHe celleHHSI rettepau;HH. 

vlttTerp11posatt11e s (5) BeAeTcsi no 06-beMy peaKTopa. 

MeTOA pea11113aU.HH npou.eJJ.ypbl BOCCTaHOBJJeHHSI cj)opMbl HeHTpOHHOro TIOJISI ITO TIOKa-

3aHHSIM AaTllHKOB CcI>K3P nOJJ.p06Ho H3JJO)KeH B pa6oTe [1] 11 COBMew.eH C HaJIO)KeHHCM 

o6paTHhIX CBSl3eH no TeMnepaTypaM TOnJil1Ba 11 rpacj)11Ta, ITJIOTHOCTH TeITJIOHOCHTeJISI H KOH-
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ueHTpau.1111 135Xe. TenJiorn,npaBJJH4eCKl1H 6JIOK Il03BOJISieT IlOJJy4aTh IlOKaHaJibHbie pac­

npe,neJJCHl151 IlJJOTHOCTl1 11 napoco.nep)KaHHSI TeOJJOHOCHTeJISl B aKTHBHOH 30He peaKTOpa. 

s. orPAHMqEHJ-UI CJJO)KHOCTM 3A)J,Atm 

PaccMaTpHBatoTcsr .nse rpynnbr ttefnpottos s .nmp¢y3110HHOM np116nmKemrn AJISI scel'i. 

aKTHBHOH JOHhI peaKrnpa PEMK c o,nHoi1 TOllKOH Ha srl.Jel'i.Ky s (x-y)-nJiaHe 11 .no 64 JOH 

no BblCOTe. I1o3TOMY orpaHH4CHl151 onpe,neJISIIOTCSl o6beMOM AOCTynHOH onepaTHBHOH na­

M.IITH H 6h1CTpo,nel'1.cTs11eM 3BM. KaK npasHJIO 11cnonhJyioTcsr ,necsrTb paclfeTHhIX JOH no 

BbICOTe peaKTOpa, 3TO npHBOAHT K pa3yMHOMY KOMnpOMHCCy Me:>K,ny o6beMOM Heo6xo,n11MOH 

onepaTHBHOH naM.IITl1 11 BpeMeHCM ClJeTa. 

6. TmmqHoE BPEM51 cqETA 

,[(syMepttbIH paclJeT xapaKTep11CTHK PEMK Tpe6yeT np11Meptto 40 MHH Ha PC-386/387. 

TpexMepHbTH paCt[eT, BKJII04alOW,flH B ce6sr 60Jiblilee 411CJ10 paCClll1TbJBaeMbIX napaMeTpOB, 

C 10 ypOBH51Ml1 Tpe6yeT OKOJIO 5 4 Ha PC-386/387. 

7. OCOEEHHOCTM IIPOrPAMMbI 

B Ka4eCTBe BXOAHblX ,naHHblX nporpaMMa 11CilOJib3yeT 11HQ)OpMau.mo H3 6a3b[ ,naHHbIX 

6notrnoro 11BK (THna <<CKaJJa>>, <<TwTaH>> ) . B nporpaMMe npe,nycMoTpetthI pa3J1J1l1HbIe pe­

)KHMbI paCtJeTa 11 ne4anI BbIXOAHOH 11HQ)OpM3U.11H. 3a.natt11e pe)KHMa H. JanycK rrporpaMMbl 

ocyw,eCTBJI.IIIOTC51 B ,n11anore. TTp1rne,neM OCHOBHbie pe)KHMbI pac4eTa: paclleT HeHTpOHHO­

cpH3l14eCKHX xapaKTepHCTHK; pac4eT HOAHOH S!Mbl; pac4eT nopsr,nKa H3BJJe4eHHsr CTep)KHeH. 

CY3 np11 BblXOAC B Kp11Tl14CCKoe COCTOSIHHe Ha XOJJOAHOM peaKTOpe. 

B nporpaMMe 11CilOJlb3YIOTCSI KOHCT3HTbl B BH,ne IlOJIHHOM113JlbHOH 33BHCHMOCTl1 

L = f(P, y, T
111

, Tl' Xe), r.ne P - Bhiropattwe; y - nJJOTHOCTb TenJI0Hoc11Tensr; T
111

11 T
1

-

TeMnepaTypbI rpa¢11Ta 11 TOITJIHBa; Xe - KOHU.CHTpau.wst 135Xe, paCClll1TaHHbie npe,nBap11-

TeJibHO no rrporpaMMe WIMS-D4 [2] AJJH scero cneKTpa pa6olf11x Bh1ropam11'1, nJIOTHOCTel'i 

TCilJJOHOCKTeJJsr 11 TeMrrepaTyp. 

Tipe.u.ycMOTpeHO coxpattemre npoMe)KyT04HblX 11 OKOH43TCJibHbIX pe3yJibT3TOB, C4eT C 

3annatt11poBaHHblM npepbIB3Hl1CM, JJ.OClieT nocne c6m, 11 11CilOJlb30B3HHe pe3yJJhT3TOB ope­

AbI,nyw,ero paC4CTa. Ilocne,nHSl.51 B03MO)KHOCTb npHMCH.lleTCSl AJI.51 pac4eTOB 0OAKPHTHlfHOCTH 

pacxoJJO)KeHHOI'O peaKTOpa B CJJyl.Jae 113MeHCHl1Sl COCTaBa 3KTl1BHOH 30Hbl B 3TOM COCTOSlHH.11 

(.n.orpy3Kl1 JJ,TI, JaMCHbI TBC 11 T.n. np11 TITI.P). 

8. BCilOMOrATEJlbHbIE M COilYTCTBYIOW:ME IlPOrPAMMhl 

9. COCT051HME IlPOrPAMMbl 

IlporpaMMa 3KcnnyaTHpyeTcsr B PHU «Kyp4aTOBCKHH HHCTKTYT>> 11 Haxo,o:11Tcsr s rrpo­

MhIIllJleHHOH 3KCilJiyaTau.a11 Ha 11rnaJIHHCKOH, Jlett1rnrpa,o:cK01'1 11 CMoneHcKofi A3C 11 so 

BH1111A3C. IlporpaMMa .nenoH11posaHa s OcDAI1-51P 11 aTTecTosatta rocaToMtta.n.JopoM 

PC!) (aTTecTau.110Httb11'1 nacnopT NQ 46, Bhl,natt 23.05.1996). 

l 0. CCbIJlKM 

I. Iloroc6eK51H JI.P. KottTpOJJh 3Hepropacrrpe,nenett11sr s aKTHBHOH 30He. - AToMHaSI 

3Heprnst, 1991, T. 71, C. 293-297. 
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2. Askew J.R., Payers F.J., Kemshell P.B. A general description of the lattice code 
WIMS. - JBWES, Oct. 1966, p. 564. 

11. TPEEOBAHIUI K 3BM 

Heo6xO,ll.HMbIH o6beM naMSITH 3aBHCHT OT BblCOTHOH pa3MepHOCTH 3a.n.a~rn . .ll,Jrn 10-To-
4e4HOH 3a.n.a4H Tpe6yeTC51 OKOJJO 5 M6a11T onepanrnHOH H 15 M6aih .lJ.HCKOBOH rraM5ITH. 

12. 513b1Kl1 IIPOrPAMMMPOBAHl151 

<l>opTpaH-77, CH. 

13. OIIEPAII;MOHHASI CMCTEMA 

MS-DOS, UNIX. 

14. )],OIIOJIHMTEJibHA51 l1H<DOPMAII;H51 

O6beM TeKCTa OKOJJO 12 000 orrepaTOpOB. 

15. ABTOPbl IIPOrPAMMbI 

M.H. Ba60i'.11.1,eB, A.B. r11eM601.1,K011, A.B. KpaJOUIKHH, A.B. Ky6apeB, A.M. <l>e.n.ocos. 
PHU. «Kyp4aToBCKHH HHCTHTYT», 123182, MocKBa, nn. Kyp4aTosa. 

16. l1MEIOIII,l1EC51 MATEPMAJibl 

l1MeeTC51 OTIHCaHHe anropHTMa nporpaMMbl H HHCTPYKU,J.151 IIOJJb30BaTeJJ51. 

17. PY.BPMKM l1 KJIJOqEBblE CJIOBA 

CTaTb!I noCTymrna n pe,1aKf_\l1IO 22 HIOH!I 2000 r. 

Bonpoc1,1 aTOMHOH HayKH 11 TeXHl1Kl1. 

Cep. <IJ11311Ka si,1epHblX peaKTOpOB, 2000, Bbm. I, c. 79-82. 

AHHOTAIJJ1SI IIPOrPAMMHOro KOMIIJIEKCA SADCO 

npe,1crneJ1etto KpaTKoe on11ca1111e nporpaMMttoro KOMn.neKca SADCO, npe,1ttaatta,1enHoro JtJJ!I npoee,1ett1111 
nOJIHOMacwrn6HblX TpexMepHblX 11ei7npOHJJO-TenJIOrHApaem,,1eCKl1X pac•IeTOB CTaf.\l10HapHblX COCTO!IHl1H peaKTOpa 
PliMK. 

SADCO. CODE ' S ABSTRACT. The brief description of SADCO code for 3D full scale neutron­
thermohydraulic calculations of RBMK reactors at steady states is presented. 

1. HA3BAHME IIPOrPAMMbl 

Safety Analysis and Design Code (SADCO). ITporpaMMHhIH KOMIIJleKC.lJ.JJ51 rrpose.n.ettH51 
TpexMepHbIX HeihpOHHo-¢113114CCKHX H Terr11or11.n.paBJ1114eCKHX pac'!eTOB peaKTOpOB THIIa 
PBMK. 
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2. 3BM 

IBM PC. 

3. TTOCTAHOBKA 3AJ],AqJ1 

I1porpaMMHhIH K0MIIJieKC SADCO BhlII0JIHSieT TpexMepttbIH (X-Y-Z), coeMeCTHhIH 

tte1'hpotttto-cp113114ccK11i-i 11 Ten11or11Apae11114ecK1111 pac4eT su:\eptthIX peaKTopoe THna PEMK 

B MaJiorpynrr0B0M AHQ)Q)y3HOHHOM rrp116moKeHHH. 

KoMrrJieKC HMeeT B03M0)KH0CTb pernaT!> CJleAylOill,He 0CH0BHbre THilbl 3aAa4: 

- HeHTpOHHO-Ten11orn:,o,paBJII14eCKl1H pac4eT peaKT0pa B CTaU,H0HapH0M C0CT0SIHHH 

(CTaTH4eCKHH paCtfeT); 

- He1'hpOHHO-TeIIJIOntApaBJJH4eCKHH pac4eT npou,ecca neperpy3KH T0IIJJHBa Ha M0ilJ,­

H0CTH. 

CTaT114eCKHH pact1eT HMeeT CJ1eAyt0Ill,11e om.1.1111: 

- paC4CT X0JI0AH0ro II0AKPHTH4eCKoro peaKT0pa C JI0KaJihHblMH 11 pacrrpeAeJJeHHblMH 

BHeillHHMH HCT04HHK8MH HeHTp0HOB; 

- K0ppeKTHp0BKa HCX0.[(HblX AaHHblX AJIS! TpexMepHoro HeflTpOHHOro pac4eTa no rro­

K838HHSIM BHyTpHpeaKT0pHblX HeHTpOHHblX AaT4HK0B. 

KoMIIJJeKc HMeeT M0AYJibHYJO crpyKTYPY. OcttOBHhIMH M0AYJISIMH KOMIIJJeKca SIBJIIDOTCsi: 

- 6110K perneHHSI ypaBHeHHSI nepeHoca HeHTpOHOB B AHQ)Q)y3HOHHOM MaJiorpyrrrr0B0M 

rrp116JIH)KeHHH; 

- 6110K ttei::rTp0HHblX AaHHbIX: MUJI0rpyrrrroBbie MaKpoce4eHlrn Sl4eeK aKTHBH0H 30Hbl 

H 0Tpa)KaTeJISI; 

- 6110K TeIIJI0rHAP8BJil14eCK0ro pac4eTa. 

4. METOJJ. PEIIIEHIDI 

I1porpaMMHblH K0MrrneKc SADCO rro3som1eT pacc4HTbIBaTh rro11si tteihpottoe 11 pac­

rrpeAeJJeHHe ::)HeproBbI.[(eJieHHSI Ha 0CH0Be IIOJIHOMaCillTa6HOH TpexMepHOH M0.[(eJIH peaKT0pa 

PEMK. 

B Ka 4eCTBe HCXO.[(HOH HHQ)OpMau,1111 AJIS! pac4eTa tteo6xOAHMbl HCX0.[(Hble .[(3HHbre, 0IIH­

CblB310lll,He C0CT0SIHHe 3KTHBHOH 30Hbl peaKT0pa, BKJII04aSI 3arpy3KY aKTHBHOH 30Hbl, rro­

JI0)KeHHe cTep)Kttei-i: CY3, noKaHaJihHhre :rneproeb1pa60TKH, rrapaMeTpbI K0HTypa MITIJ,. 

KpoMe Toro, MoryT 6bITb 11CIJ0Jib30B3Hbl AaHHble 06 113MepeHHblX pacnpeAeJieHHSIX ttei-iT­

p0HHbIX IIOJieH B peaKTope. 

I1porpaMMHbIH K0MrrJJeKc SADCO coAep)KHT see Heo6xoAHMbre .r1attttb1e o ttei-iTpOHHO­

cp113114ecKHx CBOHCTBax aKTHBHOH 30Hbl (MaJiorpyrrnOBbie HeHTpOHHbie MaKpoce4eHHS!), 

Terr11orHAP3BJIHlfeCKl1X CBOHCTBaX TB3JI0B, rpaQ)HTOBOH KJl3.[(Kl1, 0IIHCam1e K0HCTPYKTHBHbIX 

3JieMeHT0B CTep)Kttei-i CY3 11 T.n. 

3TO AaeT B03M0)KH0CTb II0Jib30BaTeJII0 np0B0AHTb pac4eTbl Q)113H4eCKHX, AHHaMH4e­

CKHX 11 Tennor11.r1paBJIH4ecK11x xapaKTep11cTHK peaKTopa PEMK, He rrp11e11eKaS1 .r111si pac-

4eToe, KP0Me A3HHbIX 0 C0CT0SiHHH peaKT0pa, AOTIOJJHHTeJibHOH HHQ)OpMau,1111 H APYrHX 

nporpaMMHbIX cpeACTB. 

B nporpaMMH0M K0MTIJieKce HCTI0Jib30BaHa C0BpeMeHHaSI 611611110TeKa AByxrpyrrrr0BbIX 

MaKpoce4em,111 C MHOrorrapaMeTpH4eCKOH 3aBHCHM0CTblO OT HeHTPOHHO-Q)113H4eCKHX H Terr­

JI0rH.[1paBJIH4eCKHX napaMeTp0B aKTJilBHOH 30Hbl. 

6110K ttei-iTp0HHhrx AaHHbJX AJJ.SI K0MrrJieKca SADCO rro.r1roToeneH c rrp11Mettett11eM rrpo­

rpaMM tteihpottttoro pac4eTa WIMS-D4 [l ], MCU [2 ]. 
J],JISI perneHH.SI CT3U,H0Hapttoro ypaBHeHHSI AHQ)Q)y3HH HeHTpOHOB M0)KeT 6wTb 11CII0JJb-

30BaH mo6oi-i 113 CJieAylOill,JilX MeT0.[(0B: 

- MeT0A K0He4HbIX pa3H0CTeH Ha rpy6ott HJIJil y4aw,eHHOH: ceTKe; 

- HO,O,aJibHblH MeT0A C KOppCK[J.HeH T0K0B HeHTpOHOB Ha rpaHHU,e pac4eTHOH S£4eHKH; 

- HO,O,aJibHbIH MeT0A C II0JIHH0MHaJibHblM rrpe,o,cTaBJieHHeM IIJI0TH0CTH II0T0Ka HeHT-

P0H0B BHYTPH pac4eTH0» sit1eiiK11. 
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HOJJ.3JibHblH MeTOA C KOppeKu,weii TOKOB HeiiTpOHOB npeJJ.CTasm,eT co6oi1 MOAHQ)HU,H­

poBaHHbIH sapwaHT MeTOJJ.a AcKht0-TaKeJJ.a [3 ]. MoJJ.HQ>HKau,11S1 3aKJIIOllaJiach s CJieJJ.y101.1:i;eM: 

- MeTOA aJJ.anTwposaH K paclleTaM peaKTOPOB C KaHaJiaMH npsiMoyroJihHOro ce,,eHHSI 

(B 43CTHOM CJiyllae KB3JJ.P3THOro); 

- KOppeKU,11SI TOKOB HeHTpOHOB np0113BOJI.HTCSI H no OCH Z; 
- nOJIO)KeHHeJ).OnOJIHHTeJihHOH pactieTHOH TOtJKH He Q)HKCHp0B3HHOe, KaK 3TO npHHSITO 

B KJI3CCH'-leCKOM sapwaHTe MeTOJJ.a, a rrpOH3B0JlbHOe, 4TO n03BOJISleT TOtJHee paCC4HTblB3Tb 

nonpaBKH K 3HalleHHSIM HeHTpoHHO-q>l13H'leCKHX napaMeTpOB cpeJJ.hl. 

HOJJ.3JlbHblH nOJIJiHOMHaJihHblH MeTOJI. OCHOBaH Ha aJiropHTMe, npeJJ.JIO)KeHHOM B pa6oTe 

[ 4 J. ll,JISI annpoKCHMaU,HH nJIOTHOCTH nOTOKa HeHTpOHOB BHYTPH pacl!eTHOH SltJeHKH HC­

nOJib3Y10TCSI nOJIHHOMbl BTOpOH HJIH TpeTheH CTeneHH. 

CHCTeMa aJire6paHtJeCKHX ypaBHeHHH pewaeTCSI MeTOJI.OM HTepaU,HH HCTOtJH~Ka C pa3-

J).eJieHHeM Ha BHell.lHHe H BHyTpeHHHe HTepau,HH. 

B npou,ecce BHyTpeHHWX HTepau,HH npw Q)HKCHPOB3HHOM HCTO'IHHKe IlJIOTHOCTb nOTOKa 

HeHTPOHOB pacc'IHTbIBaeTcsi MeTOJJ.OM HenoJIHOH q>aKTop113au,11H [5 J. TTocKOJihKY peaKTop 

PBMK srBJIS1eTCS1 ¢11311,1ecK11 6oJihl.llHM, oco6oe BHHMaHHe yJJ.eneHo ycKopeHHIO BHemHHX 

HTepau,HH, KOTOpbie CXOJI.SITCSI L!OCTaTOtJHO MeJJ.JieHHO 113-33 6JIH30CTl1 rJiaBHOro H nepsoro 

co6cTBeHHblX 3HatieHHH onepaTopa nepeHoca. ll,JISI ycKopeHHSI CXOL!HMOCTH HCilOJih3yeTCSI 

MeTOJI. IlOJIHHOMOB lJe6b!ll.JeBa. Ha6op ycKOpS110LUHX napaMeTpOB onpeJ).eJISleTCSI no cxeMe 

Jle6eAeBa-<1>HHOreHOBa (6 ]. 
B nporpaMMHOM KOMnJieKce SADCO AJisr paclfeTa nJIOTHOCTH TenJIOHOCHTeJISI B Ka)KAOM 

TonJIHBHOM KattaJie wcnoJih3yeTcsi nporpaMMa GIDRA [7 ]. ll,JISI pacl!eTa TeMnepaTyp Ton­

JIHBa H rpaq>HTa HCnOJih3YJOTCSI HH)KeHepHble np116JIH)KeHHhie MeTOAHKH. 

fl po6JTeMa corJiaCoBaHWSI HeHTpOHHOro pac'leTa C noKa3aHH.SIMH BHyTpHpeaKTOpHbIX 

A3TlfHKOB B SADCO pe1.11aeTcsr MeTOAOM, OCHOBaHHhIM Ha yTO\fHeHHH 3HatJeHHH onpeAe­

Jiettttoro Ha6opa napaMeTpOB, BXOASILUHX B HCXOAHhle AaHHb!e. K 'IHCJIY T3KHX napaMeTpOB 

OTttecetthl rJiy611tta norpy)Kett11S1 perym1py10m11x CTCp)Kttei-1 CY3 (H) 11 pacnpeAeJieHHe no­

KaHaJihHOH 3HeproBbipa6oTKH (B). 

flpaKTHKa HCnOJib30B3HHSI 3KCnepwMeHT3JlbHOH HHQ)OpMau,1111 B paclfeTHbIX 11CCJieAO­

B3HHSIX noKa3aJia, tJTO HeonpeACJieHHOCTb yKa3aHHblX HCXOAHblX A3HHblX MO)KeT 6bITb ou,e­

Hetta: - 0,3 M s napaMeTpe H 11 AO 5% s napaMeTpe B. B npeJJ.eJiax 3THX rrorpemHOCTei1 

H npOBOJI.HTCSI KoppeKTHpOBKa JJ.3HHblX napaMeTpOB. B OCHOBY aJirOpHTMa YTOtIHeHHSI 

HCXOAHbIX JJ.3HHblX nOJIO)KeH aHaJIH3 OTKJTOHeHHH pac'leTHOro MaKpOIIOJI.SI OT 3KCnepHMeH­

TaJihHOro , noJiylfeHHOro no BHyTpHpeaKTOpHbIM JJ.3T411K3M. 

B nporpaMMHOM KOMnJieKCC HMeeTCSI B03M0)KH0CTb aBTOMaTH'-leCKOI'O pac'leTa OCHOB­

HblX nacnopTHhIX xapaKTepwcTHK peaKTopos PBMK, a TaK)Ke rrporno3HhIH pactJeT rrepe­

rpy3oK TOnJIHBa. 

5. orPAHWIEHHSI CJIO)KHOCTl1 3ALI,A q11 

Hei1TpOHHO-Q)H3H'leCKHH pactieT peaKT{'Pa npOBOJI.HTCSI B MaJiorpynrrOBOM AHQ)Q)Y3H­

OHHOM np116JIH)Kemm C KOJIHtJeCTBOM rpynn He 6oJiee tJeTblpex. KOJil'llfeCTBO pactJeTHbIX 

TOtJeK orpaHH\fHBaeTCSI o6beMOM onepaTHBHOH naMSITH 3BM. OcHOBHble BbllfHCJieHH.SI npo­

BOA.SITCSI s JJ.ByxrpynnOBOM rrpu6JIH)KCHHJ1 c t(HCJIOM pactJeTHblX TO'-leK s nJiaHe OAHa TOtJKa 

Ha KaHaJI 11 32 TO'IKH no BbICOTe. 

6. Tl1Ill1qHQE BPEMSl cqETA 

Ha 3BM IBM PC c npou,eccopoM PENTIUM-200 THTTHl!HOe speMsi CtJeTa cocTaBJI.sreT: 

- COBMeCTHblH HeHTpOHHO-TenJIOrHApaBJIHtieCKHH pac'leT CT3U,110Hapttoro COCTOSIHHSI 

He 6once 15 MHH; 

- pac,1eT q>113H'1ecK11x 11 AJ1HaM11,1ecK11x nacnopTHbIX xapaKTep11cTHK peaKTopa PBMK 

HC 6onec I tI 15 Ml1H . 
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-
7, OCOEEHHOCTI1 IlPOrPAMMbl 

IlporpaMMHblH KOMnJJeKc op11cHrnpoeaH Ha A3C c pcaKTopaM11 T11na PBMK. 

8. BCIIOMOfATEJlbHhIE l1 COllYTCTBYIOll.f.l1E IlPOrPAMMhl 

)],JISJ noArOTOBKH 6H6JIHOTeKH MaKpoce4eHHH 11cnOJih3YJOTCSJ nporpaMMhI WIMS-D4 [ l ] 
11 MCU [2]. 

9. COCT051Hl1E 

IlporpaMMHhIH KOMnJieKc Haxot111TCSJ e 3KCrIJiyarnu.1rn e Hv1Kl13T. KoMnJieKc t1eno­
tt11poBaH e O(J)ATT-.51P "' aTTecToeaH focaTOMHaA30poM Pct> (aTTeCTaU.HOHHbIH nacnopT 
NQ 103, BbTAaH 22.10.1998). 

10. CChlJ1Kl1 

I. Halsall M.J. A Summary of WIMS-D4 Input Options. Winfrith. - AEEW-1337, 
1980. 

2. Jl11MaH r.Cl>., IO.L1.xesw1 Jl.B. IlaKeT nporpaMM MCU AJISJ pewett11S1 MeTOAOM Mott­
Te-Kapno 3aAa4 nepettoca 113Jiy4ett11i'.f B peaKTopax. - BAHT. Cep. <l>11311Ka 11 Texttwxa 
smepHbIX peaKTOpOB, 1985, BblTI. 7, c. 27-31. 

3. Takeda T., Komano Y. Extension of Askew's Coarse Mesh Method to Few-Group 
Problems for Calculating Two-Dimensional Power Distribution in Fast Breeder Reactors. -
J. Nucl. Sci. Tech., July 1978, vol. 15, p. 53-62. 

4. Langenbuch S., Maurer W., Werner W. Coarse-Mesh Flux-Expansion Method 
for the Analysis of Space-Time Effects in Large Light Water Reactor Cores. - N ucl. Sci. & 
Eng., I 977, vol. 63. 

5. Eynees H.lf. MeTOA Henonttow cpaKTop113aa:1111 AJISJ pernett11SJ AByMepHhIX 11 Tpex­
MepttbIX pa3HOCTHblX ypaeHeHl1H Tlina AHcpcpy3H11. - )K, Bbl411CJI. MaTeM. 11 MaTeM. (p113., 
-1970, T. 40, NQ 4, C. 1042-1044. 

6. ill11wxos Jl.K. MeTOA perneHHSJ t111cpcpy3110HHbIX ypaetteHltH AByMepttoro SJ"Aepttoro 
peaxTopa. - M.: ArnMH3AaT, 1976. 

7. llporpaMMa Tennomt1paen114ecKoro pacYeTa peaxrnpoB T11na PBMK. - OT4eT 
Hl1Kl13T, HHB. NQ 040-075-634, 1979. 

11. TPEEOBAHI151 K 3BM 

)],JISJ 11cnoJih30BaHHSJ nporpaMMHoro KOMnJieKca Tpe6yeTCSJ IBM PC c npou:eccopoM 
PENTIUM. OnepaT11BttaSJ naMSJTh AOJI;ll(Ha 6b1Th He Mettee 16 M6a1h. O6beM rraMSJTH Ha 
;)KeCTKOM AHCKe - He Mettee 6,5 M6afIT. 

12. 513hIKlI IIPOrPAMMlIPOBAHl1SI 

<l>opTpaH-90. 

13. OllEPAll,l10HHA51 Cl1CTEMA 

WINDOWS-95, UNIX. 
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14. ,IJ.OTIOJIHMTEJibHA51 HH<I>OPMAU:IUI 

B nporpaMMe HCil0Jih3yeTCSI AHHaMH4eCK0e pacnpe;o,eJieHHe naMSITH. 

15. ABTOPbl TIPOrPAMMbl 

C.B. BapuHOB, TI.6. Ky3tteu.os, B.K . .Uasbl;o,os, M.J.1. Po:11<:o,ecTBeHcKHH, B.M. IlaHHH, 
HJ.1KJ.13T. 

16. l1MEIOII(l1ECSI MATEPHAJibl 

OnucaHHe npHMeHeHHSI nporpaMMH0l'O cpe;o,CTBa 11 PYK0B0:O,CTB0 nporpaMMHCTa, HHCT­
PYKU.HSI AJISI noJih3osaTeJisi. 

17. PYliPl1Kl1 l1 KJIIOqEBhIE CJIOBA 

B, C, D, F, H, L, M. 
CTaTbSI nocrym1J1a a pe,11aK~HIO 26 HIOHSI 2000 r . 

BonpOCbl aTOMHOH HayKH 11 TeXHHKH. 

Cep. <l>H3HKa 11,11epHblX peaKTOpOB, 2000, Bbm. I' c. 82-86. 

AHHOTAQMSI IIPOrPAMMhl PA,n,YrA 

1. HA3BAHHE IlPOrP AMMbl 

TI porpaMMHhIH K0MnJieKc PA.UYf A. Mo;o,enuposattue asapHHHhIX u nepexo;o,HhIX pe­
:IKHM0B peaKT0PHbIX ycTaH0B0K B0:O,0-B0ASIH0l'O THna C y4eT0M TpexMepH0H ;o,syxrpynnoBOH 
M0:O,eJIH aKTHBHOJ1 30Hbl. 

2. 3BM 

IBM PC-386/ 486. 

3. II OCT AHOBKA 3A,l1.A q11 

TiporpaMMHhIH KoMnJieKc PA.UYf A npe;o,tta3Ha4eH ;o,Jisi Mo;o,eJiuposaHHSI ;o,HHaMH4eCKHX 
H nepex0:O,HblX npou.eccos B ycTaH0BKax C peaKTopaMH B0A0-B0:0,SIH0I'O THna. Pac4eTHaSI 
cxeMa nepsoro K0HTypa peaKTOpHOH ycTaH0BKH npe;o,cTaBJieHa Ha pHC. I. 

IleTJIH u.upKynsi11,uu co;o,ep:11<aT ropsiqu:1111 xoJIOAHhIH Tpy6onposo;o,hr, TeTIJioo6Mettttyro 
nosepxH0CTh c TenJI0H0CHTeJieM BToporo K0HTypa (naporettepaTopbI), ttacoc (fUH), 3anop­
Hh1e 3a:O,BH:IKKH (f33), BX0Abl pa3Jil14H0I'O po;o,a Il0Ail11T0K. IlapaJIJieJihHO Hacocy M0)KeT 
6hITb no;o,coe;o,HHeH 6aK C paCTB0p0M 6opH011 Kl1CJI0Tbl CHCTeMhl 6opHOH asapHHHOH 3a~HTbl. 

HanopHasi (HKC) 11 c6opHasi (CKC) KaMephI cMemeHHSI pa36HThl Ha meCTh ceKTopos, 
Ka)K:O,bl11 H3 K0T0pblX no;o,coe;o,HHeH co CB0HM <<BeC0M» K IJ,HPKYJISIIJ,H0HHbIM neTJISIM. CxeMa 
no;o,coe;o,11HeHHS1 npe;o,cTasJieHa Ha p11c. 2. 

KoMneHcaTOp om,eMa (KO) Mo;o,eJI11pyeTCS1 s np116JIH)KeHHH Tpex om,eMOB. Ott co;o,ep­
)KHT Cl1CTeMy BilpblCKa, npe;o,oxpaHHTeJibHble KJianaHbl (TIK) H Cl1CTeMy HarpesaTeJieH. KoM­
neHCaTop M0)KeT 6hITb KaK 411CT0 napoBblM, TaK 11 napora30BblM. 
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PHC. I. 

C11cTeMa rn,npoeMKOCTe11 BbIC0Koro, cpe,nttero 11 HH3-

Koro AaBJieHHSJ (CAO3) n0AKJllO-lfaeTcsi KaK K c6opttott Ka- r; ne,n• ~ 
Mepe CMememrn, TaK H K onyCKH0MY y•IaCTKY peaKT0pa. 

4 
7\ \ 

BTOpott K0HTYP peaKTOpHott. ycTaH0BKH co,nep)l(HT na- CeKTop 

porettepaTOphl (Ilr) B Ka)l(AOH H3 neTeJib. Ha napoB0M K0JI- /,cenop 1 CeK:rOp~ 

neKTope naporettepaTopa pa3Melll,aJOTCSI npeAoxpam,1TeJ1b-~ 6 2 Q 
Hbie KJianaHbJ. IlaporettepaTopbI MoryT l.fepe3 o6D.J,Htt. na- \.V......_ , CcKrnp Ce1crop 1 .,....\.i) 

" 6 6 ',1.5 3V 
poem,: K0JIJieKT0p n0AC0eAHHSJTbCSJ JIH o K 0AH0MY, JIH o CeJ..,opv 
K ABYM Typ6oreHepaTOpaM (Tr). Ha napoB0M K0JIJleKT0pe \ v_ 4 

wMeJOTCSJ 6hJCTPOAeikrnyJOD.J,He pe,nyKU:H0HHbie ycTpottcTea "'-- n 
EPY-A 11 EPY-K. K naporettepaTOpaM M0)l(eT n0AKJJJO- ";"• 

lJaTbCSJ naCCHBHaSJ CHCTeMa 0TB0Aa TenJia K aTMOCcpepHOMY 

B03,nyxy (CTI OT). 
PHC. 2. 

AKTHBHaSI 30Ha peaKT0pa M0AeJIHpyeTCSI B TpexMepH0M noKacceTH0M npH6JimKeHHH. 

PaclleTHaSI cxeMa aKTHBHOH 30Hbl peaKTOpHOH ycTaH0BKH npeACTaBJieHa Ha pHC. 3. 
IlporpaMMHhIH K0MnJieKc P AJJ,YrA no3B0JJSieT M0Aen11poeaTh AHHaM11lfeCK11e npou:eccbl 

B peaKTOPHOH ycTaH0BKe, CBSJ33HHble C Hapymem-1eM pa60Tbl pa3JIJ1l.fHbIX CHCTeM KaK nep­

B0ro, TaK J1 BT0poro K0HTypa, 0TKa3aMH Cl!ICTeM 6e3onaCHOCTH, BKJII043SJ HapymeHHSJ B 

pa6oTe perym-1py10D.J,HX opraH0B B aKTHBHOH 30He. IlpHMeHeHHe TpexMepHOH AByxrpyrrrro-

BOH M0,neJIH aKTHBHOH 30Hbl Il03B0JISJeT 

K0ppeKTH0 yl.JeCTb AHHaMHKY 3Hepr0Bbl_ne­
JleHHSJ B aKTHBHOH 30He, BKJII043SJ nepepac­

npeAeJieHHSJ 3HeproBbJAeJieHHSI BCJleACTBHe 

HeCHMMeTpHl.JHOtt pa60Tbl CTep)l(Hett pcry­

JIHpoeamrn, HeCHMMeTpHl!HOH Il0Aa4H no­

rnonITeJISJ, HeCHMMeTpHl.JH0e 0XJia)l(AeHHe 

TenJI0H0CHTeJISJ B neTJISJX U:HPKYJISJLI;Hl!I. 
IlporpaMMHbIH K0MTTJleKC Il03B0JISJeT 

M0AeJIHp0BaTb MaJihie 11 cpe,nttue Tel111 H3 
JIJ06oro yl.JaCTKa nepBoro K0HTypa, Kp0Me 
3KTHBHOH 30Hbl, KaK Il0A 3alll,HTHYJO 060-

JI0l.JKY, T3K H B naporeHepaT0pbl. 

a 
4. METO,ll.bl PEIIIEHJUI 

o-~:~~ 
Q -+<accera 
Coooratl1E!HHeM 1,6% 

• --KaCCera 
C oooraLll"fiHeM 3,0% 

• - KOC.ce1a 

cooor~•- 4,4% 
•--+<aeceTa 

C ooorall1"HHeM 4,4% 
H npcxpirnHpoeaHHeM 

TpexMepHbte Il0JISJ 3HeproBbJAeJJeHJrn. B aKTl!IBHOtt 30He peaKT0pa onpeAeJISJ10TCSJ nyTeM 
pemeHHSJ AByxrpynn0B0I'O AHQ)Q)Y3HOHHOI'O ypaBHeHHSJ KHHeTHKH MeT0A0M ceTOK (MeTOA 
K0Hel!HbIX pa3H0CTeH). 
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YpasHeHJUI t);BH)KeHIHI H 3HeprHH B neTJUIX 11 KaHaJiax aKTl1BHOl1 30Hhl pemaJOTCSI B 

np116JIH)KeHHH roMoreHHOH HeC)KHMaeMOl1 )KHtJ;KOCTl1 KOHe'-IHO-pa3HOCTHhIM MeTOAOM. 

YpaBHeHHe Tewmnp0B0t);H0CTH B TB3Jiax pemaeTCSI MeTOAOM ceTOK. 

s. orPAHHqEHlf.SI CJIO)KHOCTM. 3A,ri:Aqlf 

O6rn,ee 1.J:HCJIO KacceT B aKTHBHOl1 30He He AOJI)KHO npeBhIIII3Th 397. Ka)KA3SI KacceTa 

npeACTaBJISleT co6011 KaHaJI, COAep)KaIII,Hl1 no BblCOTe AO 35 pac'-leTHhIX Y3JIOB. MaKCHM3JihHOe 

1.J:HCJIO pac1.J:eTHhIX Y3JIOB B aKTHBHOH 30He COCTaBJISleT 5691. 

MaKCl1M3JihHOe 1.J:11CJIO pac4eTHhIX yqaCTKOB B neTJISIX, BKJIJ0'-13SI onyCKHOl1 y'-laCTOK B 

peaKTOpe, He AOJI)KHO npeBbIIIJaTb 51, 4HCJIO y4aCTKOB no TenJio06MeHHHKY nepBbJH-BTOPOH 

KOHTYP - 25. MaKCl1M3JihHOe 1.J:HCJIO MOAeJrnpyeMhJX neTeJib I.I,HPKYJISII.I,HH AO 6, 4HCJIO 

MOAeJIHpyeMblX o6rn,Hx napOBhIX KOJIJieKTOPOB AO 2 . MaKCl1MaJihHOe 1.J:HCJIO rpynn 3ana3-

AhIB3JOIIl,HX HeihpOHOB AO 21, MaKCl1M3JihHOe 1.J:HCJIO rpynn 11CTO'-IHHKOB OCTaTO'-IHhIX ::rnep­

roBbIAeJieHHl1 AO 31. 

MaKCHMaJibH3SI nJIOIII3Ab Te411 H3 nepsoro KOHTypa, npH KOTOPOl106ecne1.J:11BaeTCSI np11-

eMJieMaS1 TO'-IHOCTb pac4eTa, He tJ;OJDKHa npeBbIIIJ3Tb 2% OT nJIOIII3AH npOXOAHOro Ce4eHHSI 

masHoro IJ..HPKYJISII.I,110HHoro Tpy6onpoBOAa (cooTBeTcTByeT 3KBHBaJieHTHOH Te•rn )];ylO0 

AJISI BB3P-IO00). TiporpaMMHhIX orpatt111.J:eH»11 Ha pa3Mep Te1.J:11 He 11MeeTcsi:, OAHaKo Ko­

JI111.J:eCTBO TenJIOHOCl1TeJISI, BbITeKaJOrn,ero 113 nepsoro KOHTypa 33 l mar HHTerpHp0B3HHSI, 

He AOJI)KHO npeBhIIIJaTh 1/75 1.J:aCTH o6beMa napa B KOMnettcaTope o6beMa (KO). 

He npeAycMOTpeHo MOAeJmposaH11e Te4ett 113 nepsoro KOHTypa noCJie ocywettwsi: KO, 

eCJIH HCilOJih3yeTCSI He 4HCTO napoBOH, a napora30Bhil1 KOMneHCaTop. 

OrpaHHlJ:eHHSI Ha mar11 HHTerpHpOBaHHX • .Il,JISI HettTpOHHO-q>H3H'-leCKOI'O MOAYJISI npo­

rpaMMbl orpaHH'-leHHeM Ha mar l1HTerp11poBaHHSI SIBJUleTCSI nep110A pa3roHa peaKTOpa, mar 

HHTerp11posatt11si: He AOJI)KeH npeswmaTh 1/3 nepHOAa pa3roHa peaKTopa. TipH BtteceHHH 

3Ha'-IHTeJihHOH OTpHI.I,aTeJibHOl1 peaKTHBHOCTH AaHHOe orpaHH'-leHHe He AeHCTByeT. THnH'-1-

Hbie mar11 l1HTerp11posaHHSI, npHMeHS1eMbie np11 MOAeJI11pOBaHHH npoI.I,eCCOB C He60JihIIIHMl1 

IlOJIO)KHTeJihHbIMJI peaKTl1BHOCTSIMl1 (AO 0, l /3), COCTaBJISIIOT 0,5-1,0 C. 

Tip11 MOAeJI11p0B3Hl111 TenJIOrHAP3BJIH1.J:eCKHX npoI.I,eCCOB B KOHType peKOMeHAyeTCSI 3a­

AaBaTh mar HHTerpHposaHHSI paBHhlM mary HHTerp11poBaHHSI ypaBHeHHH HeHTPOHHOH Kl1-

HeTl1Kl1. Illar HHTerpHp0B3Hl1SI ypasueHl1H coxpaHeHHSI AJISI naporeHepaTOpOB (eCJIH OHH 

CBSl3aHbl Me)KAY co6oii) He AOJI)KeH npeBhIIll3Tb 0,1 c, mar 11HTerpHpOBaHHSI ypaBHeHHH 

ABH)KeHHSI AJISI nepsoro KOHTypa 0,05-0, 1 C. 

TipH OXJia)KAemm nepsoro KOHTypa 1.J:HCThIM napoM war HHTerpHp0B3Hl1SI ypaBHeHHH 

3HepmH AOJDKeH 6hITb Hl1)Ke nOCTOSIHHOH BpeMeHH paC'-leTHbIX 3JieMeHTOB. 

6. TlffllfqHQE BPEM51 cqET A 

BpeMSI C'-leTa onpeAeJISleTCSI 1.J:HCJIOM pac'-leTHhlX 3JieMeHTOB B aKTHBHOH 30He 11 B I.1,Hp­

KYJISII.l,110HHbIX neTJISIX • 

.Il,JISI BB3 P-1000 np11 HCnOJih30BaH1111 MOAeJIH a KTHBHOH 30HhI, BKJIIO'-laIOIIIeii 169 KacceT 

C 16 Y3JiaMH no BbICOTe Ka)K.l],OH KacceTbl, 1.J:eThlpe I.I,HPKYJISII.I,HOHHhIX neTJIH C 35 pac'-leTHhIMH 

Y3JiaMH no K3)K.l],OH 113 neTeJlh H MOAeJIHpoBaHl111 CHMMeTpH'-IHOH 3aAa1.J:H no 1 / 6 qacTH 

aKTHBHOH 30Hhl npH ware HHTerp11poBaHH.sI 0,25 C BpeMSI C4eTa 1 CeKyHAhI q>H3H'-leCKOro 

npoI.I,ecca cocTaBJisi:eT 0,8 c Ha IBM PC Pentium-II Xeon 550 HrI.I, • .Il,JIS1 noJIHOH 30HhI 

(nOJIHOCTbIO HeCl1MMeTpH'-IH3Sl 3aAa'-Ia) BpeMSI C'-leTa I ceKYHAhl q>H3111.J:eCKOI'O npoI.I,ecca (npH 

TOM )Ke IIIare HHTerp11posaH11S1) COCTaBJISleT npHMepHO 3,5 C. 

7. OCOEEHHOCTM IIPOrPAMMbl 

B nporpaMMHOM KOMilJleKce npeAyCMOTpeHa A113JIOI'OB35I aBTOMaT111.J:eCKaS1 reHepaII,HSI 

rna6JIOHa 11CXOAHhIX AaHHbIX. Illa6JIOH HCXOAHhlX AaHHblX COAep)K11T IlOAp06Hoe OIIHCaHHe 
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scex 33.D,asaeMbIX nepeMeHHbIX H He Tpe6yeT .D,OilOJIHHTeJibHOI'O OilHCaHHSI. IIpu IlODbITKe 

npeBbICHTb npe.D,eJibHbie pa3MepHOCTH MaCCHBOB o6ecne,rnaaeTCSI aBTOMaTR4eCKOe orpaHH­

lJeHHe pa3MepHOCTH HCXO.D,HbIX .n.aHHblX C Bbl.D,alleH COOTBeTCTBYIOll.l,eH .D,HarHOCTHKH. 

IIporpaMMHbIH KOMMeKC Il03B0JIS!eT npO.D,OJVKHTb paclleT npou,ecca C npoMe)KyTOl!HblX 

COCTOSIHHH. II pH pecTapTe 3a.D,aHHSI B03M0)KH0 H3MeHeHHe 60JiblIIHHCTBa HCXO.D,HblX .D,aHHblX, 

4TO Il03BOJIS!eT ynpaBJIS!Tb Bbll{HCJIHTeJibHbIM npou,ecCOM B .D,HaJIOI'OBOM pe.)l(HMe. IlpH pe­

cTapTe H3MeHS!Tb reoMeTpHlleCKHe HCXO.D,Hhle .D,aHHble no peaKTOpHOH ycTaH0BKe 3anpell.l,a­

eTCSI. 

IIapaJIJieJibHO C Bbll!HCJIHTeJibHblM npou,eCCOM 3aTIHCbIBalOTCSI Bee OCHOBHbie pe3yJibTaTbl 

pacl!eTOB B cpauJI npSIMOro .D,OCTyna. IIo OKOHllaHHH paC4eTa (HJIH noCJie OCTaHOBa npo­

rpaMMbJ) pe3yJihTaTbl paclleTa MOryT 6hITb HCCJie.n.osaHbl C IlOMOID:blO rpacpHlleCKOH cepBHC­

HOH nporpaMMhI. 

IIoMHMO peaKTOpHhIX ycTaHosoK THna BB3P nporpaMMHhIH KOMnneKc PAJJ,YrA 

no3BOJISleT Mo.n.enupoaaTb npou,ecchl B ycTaHOBKax THna ACT, ACIIT u BIIEP. 

8. BCIIOMOrATEnbHbIE 11 COIIYTCTBYIOIIJ.HE IIPOrPAMMbl 

IIporpaMMHhtH KOMnJieKc PAJJ,YrA siansie-rcsi nonuocThlO asTOHOMHhlM u He Tpe6yeT 

HHKaKOH BHenrneu nporpaMMHOH no.D,.D.ep)KKH. IIpH no.D,roTOBKe 6116JIHOTeKH HeHTpOHHO­

(pH3HlleCKHX CelleHHH HCilOJlb3YIOTCSI HHTepcpeHCHbie nporpaMMbl, HO 3TH nporpaMMbl He 

SIBJISIIOTCSI yHHBepcaJibHbIMH H .D,OJI.)l(Hbl BXO.D,HTb B KOMTIJieKCbl no.n.roTOBKH 6116JIHOTeK HeH­

TpOHHO-(p113HlleCKHX CelleHHH. 

J],JISI rpacpHlleCKOro auaJIH3a pe3yJihTaTOB paclleTOB HCUOJlb3yeTCSI rpacp11l!eCKaS1 .D,Ha­

JIOroBaSI nporpaMMa, O.D,HaKO ee 11CTIOJlb30BaHHe He SIBJIS!eTCSI o6si3aTeJibHblM H He BJIHSieT 

ua Bbll{HCJIHTeJibHblH npou,ecc. 

9. COCTO.sIHHE IIPOrPAMMbl 

KoMMeKC HaXO.D,HTCSI B npOH3B0.D,CTBeHHOH 3KCnnyaTau,1111. 

MaTeMaTHl.JeCKaSI MO.D,eJib, on11cau11e nporpaMMbl, PYKOBO.D,CTBO IlOJib30BaTeJISI H pe-

3YJibTaTbl aepH(pHKaU,HH on11caHbl B pa6oTax [1-4 ], npHMepbl HCilOJlb30BaHHSI nporpaM­

MHOro KOMTIJieKca npH MO.D,eJIHpOBaHHH npou,eccoB s peaKTOpHblX ycTaHOBKax a pa6oTax 

[5-8 ). KoMnJieKc .n.enoHHposaH s O<I>AII-.sIP 11 aTTecTosaH rocaTOMHa.D,3opoM P<l> (aTTe­

cTau,noHHhIH nacnopT Ng 62, Bht.D,aH 17.10.1996). 

10. CCbinKH 

1. IIporpaMMHbIH KOMMeKc PAJJ,YrA .n.nsi Mo.n.ennposaunsi nepexo.n.nhtx 11 aaap1-1H­
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Apx. Ng 101. - TaM )Ke. 

5. KasyH O.IO., CopoKHH J],.H., TapaHOB r.c., <l>HJIHMOHOB IO.B. AttaJil13 HeKO­

TOpbIX sonpocos 6e3onacttocT11 Tennocp11Kau,110HHhlX ycTaHOBOK T11na ACITT. - B c6.: Bon­

pocb1 6e3onaCHOCTH H Ha.D,e)KHOCTH npH 0TITHMH3au,1111 si.n.epHblX 3HepreTHl!eCKHX ycTaHO­
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