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Y,[t;K 621.039 
AJirOpHTM noJiyqeHHH yr JIOBLIX noTOKOB B HqeiiKe 

.UJIH Muoronpou,eccopHhlX nporpaMM LUCKY u LUCKY_ C 

A.B. MopRKoa, 
H11U, "KyplfaTOBCKHH HHCT1-1Tyr", 123182, MocKBa, nn. KypYaTOBa, l 

I1ocTynw11a B pe.uaKI.lHI-O 15.11.2010 r. 

npe,D.CTaBJJeHbl OCH0BHble cpopMyJJbl .n.m1 peweHHH ypasHeHHH nepettoca B .l!YeHKe. AnropHTM peaJJH30-
BaH B nporpaMMax. LUCKY 11 LUCKY_ C. On11cattb1 npe11MymecTBa npe,D.JJoJKeHHOro anropHTMa. 

K.Jr101/e6ble C/106O: anropHTM, nporpaMMa, KOMnblOTep, Sn MeTO){, ypaBHeHHe, cpyHKl.U-rn. 

The Algorithm to Get the Angular Fluxes in Space Cell for Multiprocessor Computer Codes LUC­
KY and LUCKY_ C. A. V. Moryakov, NRC "Kurchatov Institute", /, Kurchatov Sq., Moscow, 123182. 

This paper is devoted for main formulas to get the solution of angular fluxes in space cells for 
multiprocessor computer codes LUCKY and LUCKY _C. Advantages of this algorithm are presented. 

Key Words: Algorithm, Program, Computer, S,, Method, Equation, Function. 

Bee.i:.eHHe 

I1porpaMMhI LUCKY H LUCKY_C [l] 
co3.uasam1c1, .um:I pa6oTbI Ha Mttoronpouec­
copHhIX KOMilhI-OTepax. AnropHTM BbilfHCJle­
HHH peweHH.sJ B 3JICMCHTapHbTX .sJ'-ICHKax pac-
1.fCTHOH CHCTCMbl HMeeT p.si.u oco6ettHOCTeH IIO 
cpaBHCHHI-0 C aJiropHTMaMH, HCITOJlb3yeMbIMH 
B KJlaCCHlfCCKHX MCTO,llax ,D.HCKpeTHbJX Op,llH­

HaT. U:enb .uaHHOH pa6oTbI - npe,llCTaBHTb 
q)OpMaJIH30BaHHOe (B onepaTOpHOH <PopMe) 
mrncattwe arrropHTMa, .uaHHoro B pa6oTax [I, 
2] .un.si noJiyYemrn pemettw.si ypastteHHH nepe­
ttoca s HlfeHKax pacl.feTttoif cwcTeMhI. ITpe.uc­
TaBJieHHbIH anropHTM peaJIH30BaH B nporpaM­
MaX LUCKY H LUCKY C. 

OcHOBHbie (J>opMyJibl 
AJIH noJiylleHHH pemeHHH B HlleHKe 

,[(a.UHM ITOCTaHOBKY 3a.[{atrn H OCHOBHbie 
q)OPMYJibl .llJl.sJ ITOJiyYCHH.sJ perneHHH ypaBHe­
HHH nepettoca B 3JICMCHTapHbJX .sJlfCHKax no 

npe.UJIO)KeHHOH MeTO.llHKe. Ctta'-laJia paccMoT­
p11M rrpOH3B0JlbHYIO Kpaesyw 3a,llalfy .un.si JUI­

HCHHOro oneparnpa. ,[(JUI JII-06oro JIHHCHHOfO 
oneparnpa A pernettwe Kpaesoi1: 3a.ria-rn <D MO­
)KCT 6bITb npe,llCTaBJICHO KaK CYMMa peweHH.s! 
.usyx 3a.uati:. 

I1ycn. pernaeM Kpaesyw 3a.uayy A<D = Q; 
<Dlo = 'I' rp, r.ue Q - tJJieH HCTOtJHHKa, \J' rp­
<PYHKllH.sI Ha rpaHHue pactJeTHOH o6JiaCTH D. 

3am-t:rueM KpaeBYJ-0 3a.uaqy 1 A<Do = Q; 
<I>olo = 0 H Kpaesyw 3a.uaqy 2 A<I> 1 = O; <I>do = 

= \J'rp. Tor.ua <I> = <Do+ <I>, B CHJIY JlHHeHttocTH 
orreparnpa: A(<Do +<Di)= Q; (<Do+ <I>1)lo = \J'q>• 

.[{aHHoe yTBep)K.[{eHHe cnpase.uJIHB0 H .UJIH 
ypaBHCHH.sI nepettoca EonhQMatta. PernaeM 
ypaBHCHHe DOJih{lMaHa .[{JUI no.uo6JiaCTH, r.ue 
no.u rro.uo6JiaCTbl-O M0)KeT Il0HHMaThCR qacTb 
pactJeTHoro 061,eMa. 3am-t:rneM KpaeByIO 3a­
.ualfy 

L<I> = S<I> + Q, <l>lo = \JI rp, ( l) 
a a a 

r.ue L=Qx-a +QJ-+Q,- +1:IOl(r), 
X ay az 

s = f P(r,n: "-7 Q)d!i . 
Q 

Ey.ueM HCKaTb <I> = <Do + <I>,. PernHM ypas­
HCHHe .um1 3TOH no.uo6JiaCTH 

L<l>o = S<I>o + Q; <I>olo = 0. (2) 
3aTeM peUIHM ypaBHCHHe .UJI.s! no.uo6JiaCTH 

L<I>, = S<I>, ; <I>iJo = \J'rp. (3) 
Tor.ua L(<I>o+ <I>,)= S(<l>o+ <D,) + Q; (<l>o+ 
+ <I>1)lo = 'I'rp ecTb pernettwe ypaatteHHR (1). 

OCTaHOBHMCR no.upo6Hee Ha perneHHH 
ypasttemrn (2). B1,16epeM yroJI n' u 6y.ueM 
CtJHTaTb, "ITO .[{JIH BCex 0CTaJibHblX yrnos <PYH­
KU,H.s! Q(.Q, r) s no.uo6rracTH paBHa 0. 

I1ycTb Q(.Q', r) = ~),(.Q°)t},(Q·, r) , r.ue 
1=1 

17, (.Q', r) - H3BeCTHhJe 6a3HCHbIC cj)yttKUHH 

.UJI.sI pa3JI0)KeHHR Q(!!', r) no npocTpattcrny 
BHyrpH no.uo6JiaCTH. Ey.ueM pernaTb ypaBHe­
HHe 

3 



L1.j1,(!l°, Q, r)=S1.j1
1
(n·,n,r)+-O,(Q

0 

r); 

lj/,(fi , Q,r)lo= 0. (4) 
B c1rny mrneHHOCTH ypaBHemur )lm1 npo­

H3BOJihHoro Q(Q, r) perneHHe ypaBHeHJ-ur (2) 
rrpe)lCTaBmleTCH B BH)le 

<I>0 (fi,r) = if ~
1
(fi')1j1;(n·, n, r)dn' , 

•=I il 

<l>o(Q, r)lo = 0. (5) 
OcTaHOBHMCH IIO)lpo6ttee Ha perneHHH 

ypaBHeHH_H (3). Bb16epeM yron n' H 6y)leM 

C1IHTaTb, l[TO )lJIH BCex OCTaJibHbIX yrnoB <pytt­

KUHH 'Prp(Q, r) Ha rpaIDW;e paBHa 0. IlyCTb 

-
'Prp(f!

0

, r) = La,(Q°)~,(Q·, r) (6) 

- <pyttKUH_H Ha rpaHHUe IIO)l06JJaCTH, r)le 

~,(Q', r) - H3BeCTHbie 6aJHCHbie !pyttKllHH )lJIH 

pa3JIO)l(eHHH 'P rp(f!
0

, r) no rrpOCTPaHCTBY Ha 

rpaHHuax IlO)l06JiaCTH. 

IlycTb <p, (.Q,', Q , r) - perneHHe Ja)la'-m 

L(~,(Q·, r) + <p,(Q', Q, r)) = S(~,(Q', r) + <p,(Q', Q, r)); 

c~.C!i, r)+cp,cn.·,n·,r))I/) = s,cn·,r); 

<p, (Q', Q , r))l0 = 0 )lJrn Q * !i. (7) 
Toma <1> 1(Q

0

, Q, r) KaK pernem1e 3a.lW'-lH (3) c 

pa3JIO)l(eHJ-teM (6) .LIM 'Prp(Q
0

, r) H <l>1(f!
0

, Q', 
r)lo = 'P rp(!l

0

,r) rrpe)lCTaBl.fM B BH)le 

<f>
1
(fi', fi,r) = 

- -
= I a,cn·x~.cn ·, r)+<p,cn·, n , r)) =Ia,cn)e,c!i,n, r), cs) 

l = l l = l 

r)le e,cn·,n.,r) = ~,(Q',r) + <p, cn·,n,r). 

IloKa)l(eM no, HaH)lH pernemrn ypaBHeHHH 

(7). Tor,lla 3HaeM 0;(Q', Q, r) 11 .UM 

V0,(Q',Q',ri 0 =s,(Q', r) B cmry TOro, qTQ 

V<p, cn.·, n., r~ 0 = 0. 

IloHHTHO, 'ITO 

a, (f!
0

)L0, cn·,n.,r) = a, (Q')S0, cn.·,n., r) H 

cnpaBe)lJIHBO paBeHCTBO 

- -
La,(Q)Le;(Q',Q,r) = }:a,(Q)S0,(Q',Q,r) . 
1=1 

YpaBHeHHe JIHHeHHo H MO)l(HO 3aIIHCaTb 

- -
L Ia,(D.

0

)0,(D.', n ,r) = sra,(n')e,cn·, n , r). 
l = I 

Ho rro npe)lbl,ll,ymeMy onpe.ueneHHIO (8) 
-

<I>, (Q',n r) = La, (Q)3, cn·,n, r) 11 ,UJIH <I>, 
•=I 
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(Q
0

, n, r) BbIIIOJIHHeTCH ycnom1e <I>1(Q', n·, dv 
= 'P rp(f!

0

, r), 'ITO H TPe6oBaJIOCh IlOKaJaTb. 

EcnH <pym<.n;1-rn 'P rp(f!, r) HMeeT rrpo1n­

BOJihHoe pacnpe)leJieHHe no Q, TO pernett11e 

<I>, Ja)la'IH (3) 6y)leT npe)lCTaBJieHo qepe3 HH­

Terpan <popMynoi:l: 

<I> , (fi, r) =if a, (n')elcn·' n , r)dfi' . 
1=1 il 

Pattee nonyqeHo pernettHe Ja)la'IH (2) OT 

HCTO'lHHKa B IlO)l06JiaCTH 

<1>0 (!!, r) = f J~,(n')ljl,(fi',n , r)dfi'. Tor)la perne-
•=I il 

HHe 3a)la1!H ( l) <l>(Q, r) = <l>o(Q, r) + <1> 1 (Q, r); 
<l>lo = 'P rp(Q, r). 

Ilpe.uno)l(eHHbTH anropHTM II03BOMeT tta­

XO)lHTh <1> - perneHHe ypaBHeHHH ( 1 ), KOTOpoe 

OIIHChIBaeT KpaeBYIO 3a)lat:Jy )lJIH paccMaTPH­

BaeMOH rro.uo6naCTH C rrpOH3BOJihHhIM Q(Q, r) 
BHYTPH llO)l06nacTH H npOH3B0JlhHOH <pyttK­

UHeH 'P rp(Q, r) Ha rpamnie no.uo6nacn1, T.e. 

<l>(Q,r) = f J a,(Q.)0,(Q', Q, r)dQ' + 
•=IQ 

+ if ~,(U')1j1,(U', n, r)dD.' . 
1=1 il 

HaXO)lHTh !pyHKUHH 01(Q' fi, r) H 

lj/
1 
(Q', fi, r) (Ha30BeM HX 6aJOBbIMH pellleHHH­

MH) IIpHXO.QHTCH 'IHCJieHHhlM MeTO)lOM, aHa­

JIHTH'IeCKOe peweHHe )lJIH 3THX <pyttKUHH HaH­

TH npo6neMaTH'IHO. Om, 3aBHCHT OT pa3MepoB 

H <pH3H'IeCKHX napaMeTPOB llO)lo6nacTei-i, )lJIH 

KOTOpbIX CTaBHTCH KpaeBM 3a)laqa, 

EcJIH BCH pac'leTHM CHCTeMa pa36HTa Ha 

KOHe'-lHOe '-lHCJIO no.no6nacTeH (Ka)l(,llaH IIO)l­

o6JiaCTb pacct:JHTbIBaeTCH Ha OT,UeJihHOM BbI­

'IHCJIHTeJibHOM MO)lyJie cynepKOMIIbIOTepa), 

TO 3TH <pyttKUHH MOrYT 6hITb nonyqeHbI ,llJ]_H 

3THX no,no6nacTeH H HCIIOJlh30BaTbCH B )laJib­

HeHilleM npH IIOJiyqeHHH pernemrn KpaeBOH 

3a)lat:JH )lM BCeH CHCTeMbl, HanpHMep, B HTe­

paI.IJIOHHOM npollecce no CillHBKe pernemrn: Ha 

o6mHX rpaH11uax no.no6nacTeit Cpe.LIH MeTo­

)lOB, peanH3yIOIUHX TaKOH IIO)lXO)l K perne­

HHIO 3a,natm nepettoca, MO)l(HO OTMeTHTb Me­

TO,ll IIOBepXHOCTHhTX rapMOHHK [3]. 
B MeTO.UHKe, peanHJoBaHHOH B nporpaM­

Max LUCKY H LUCKY_ C, B KaqecTBe TaKOH 

IIO)l06JiaCTH BbI6HpaeTCH npOCTPaHCTBeHHaH 

H'-leHKa tte6onhrnoro pa3Mepa, ,llJIH KOTopoH 



p mSn l'v!eTOL{OM IlOJJ)"-laJOTCR' 6a30BbJe perne­

HHR'. KpHTepHlf BbI6opa - pa3Mep j[<[eHKH .llOJl­

)KeH COCTaBJIR'Th 0,3 ... 0, l L{JJHH CB060,nHoro 

npo6era '-IaCTHU. B BeLUeCTBe :noi1 j[<JeHKH, 

'-IT06bJ KOppeKTH0 0II.HCaTb TIOBe,nem1e perne­

HJUI npH KOHe'-IHO-pa3HOCTHOH annpOKCHMa­

U.HH ypaBHemrn nepeHoca. Brnpoi1 Kp11TepHH 

Bw6opa pa3Mepa R'-leHKH - L{eTaJJbHOe on11ca­

m1e reoMeTPHH .llJJR' npocTPaHcTBeHHhIX 3JJe­

MeHTOB, BXOL{HIUHX B CHCTeMy. Pa3Mep H'ie:ftKH 

,llOJJ)KeH Y.llOBJJeTBOpR'Tb 3THM .llBYM KpHTepHH­

HM. l1MeHHO L{JJH 3THX R''-leeK I-IaC'-IHTbIBaJOTCH 

11 coxpaHR'IOTCR' cpyttKUHH 0, (!i, .Q, r) H 

'l',(n',n, r). 

ql1CJJO TaKHX WieeK C yttl1KaJlhHhIM MaTe­

p11aJJhHbIM COCTaBOM - He60JJblllOe (o6bl'-IHO 

HeCKOJJhKO ,neCHTKOB ), '-ITO IT03BOJIHeT 6blCTPO 

L{JIH 3THX ,rqeeK HaC'-ll1TaTb 6a30Bble perneHl1K. 

CIII11BKa pernemrn Ha rpami:u.ax coce,nHHX K'-!e­

eK (Ha KOTOpbIX BhIXO,llm.I..(Irn IlOTOK 113 OL{HOH 

H'-leHKH HBmleTCK BXO,llKIU11M B .npyrym) npo­

HCXO,IJ,}{T c TPe6oBaHJfeM HerrpepbIBHOCTH 

peIIIeHHK. 

Ko3cpcpmni:eHThl pa3JJO)KeHHH 'I' rp(!( r) = 

=La, (.Q')~, en·, r) Ha, (.Q') orrpe,neJJHIOTCK 0,ll-

H03Hat.JH0 no Y3JJaM BXO.llfilllHX B H'-leHKY no­

TOKOB Ha o6IUHX rpatt11u.ax Kt.JeeK. Pernett11e 

<l>o(!!, r) (5) ,llJJR' Ht.JeeK IlOJJ)"-laeTCH O,llHH pa3 

11 He MeHR'eTCK B Ll,aJJhHeHllJeM BbllJHCJJHTeJJb­

HOM npou.ecce. 3To - IlJIIOC L{aHHOH MeTO,llH­

KH. Eme O,llHHM IlJIIOCOM CBe,neHl1H. KpaeBOH 

3aL{alJH K OTL{eJibHbIM TIO,ll3aL{a'-laM CJI~l1T OT­

CYTCTBHe Heo6XO,llHMOCTH B HTepaUHOHHOM 

rrpouecce MHOrOKpaTHO BbllJl1CJJHTb IIBTerpan 

CTOJJKHOBeHHH B onepaTope s ypaBHeHHH ne­

peHoca. 

8JJHHHl1e Ha peIIIeHHK H.HTerpana CTOJJK­

HOBeHHR' ~e )'1-ITeHO B 6a30BblX peweHHR'X 

.llJJK Ht.JeeK. Em,e O,lll1H IIJJI-OC - 3TO B03MO)K­

HOCTh np11 nonyqemrn 6a30BhIX peweHHH HC­

ITOJJb30BaTb HHL{HKaTPHCy pacceHBaHHR MaK­

Cl1MaJlbHO .llOCTYIJHOro B 6116JJHOTeKe cet.JeHHH 

nopK.llKa pa3JJO)KeHJrn no IlOJJHHOMaM Jle)KaH­

.llPa 6e3 n0Tep11 BpeMeHH .llJJH BCero Bhfl-lHCJJH­

TeJJbH0ro rrpouecca, TaK KaK 6a30Bhie peme­

HHH B R'llefucax BhilJHCJJ.SIIOTCH. O,llHH pa3 11 Bpe­

MH. HX BbP·IHCJJeHIDI He3Hat.JHTeJibHO. 

Eme OL{HH nmoc - B HTepau.HOHHOM rrpo­

uecce no H.t.Jei1KaM .IIJIH TeKymei1: H.':leH:KH, B KO­

Topoi1: BbftlflCJJR'eTC.SI perneHHe, )'1-111TbIBaeTCH. 

BJJH.SIHHe Ha peweH11e Bcex 6 coce.[{dl: (reoMeT­

pHH. X-Y-Z apH.MoyronbHaH., .si:t.JettKa - napan­

nenemme.D,). 3To npHBO,IIHT K CHHJKeHHIO He­

o6XO)lHMOro '-!Mena 11Tepau11ii np11 rrOJJ)"-lemrn 

pemeHH.SI. 

Eme O,llHH ITJJIOC - B03MO)KHOCTb np0BO­

.ll11Th 1uepau110HHhrn rrpouecc Ha rrpocTpaHcT­

BeHHOH ITO)l06J1acn1, COCTOHIUeH 113 Rt.JeeK, Ha 

OT,11.eJJE,H0M BhilJHCJJHTeJJbHOM rrpoueccope cy­

nepKOMilbJOTepa. B COBOKYIJHOCTl1 Bee IlJJIOChl 

npe.11.naraeMOH MeTO.D,HKH ,llaJJH xop0lllYJO 3cp­

cpeKTI1BHOCTh BbI'-IHCJ111TeJJbHOro npouecca C 

HCIIOJ1h30BaHHeM napanneJJhHbIX BhllJHCJJeHIDi 

Ha cynepKOMIIhfOTepe. 

B Sn MeTo,11.e npe,1IrronaraeTC.S1, '-ITO yrJJo­

BOH IlOT0K Ha e,IIHHHlJHOH ccpepe 3aL{aeTC.SI 

,llHCKpeTHbIM Ha6opoM HarrpaBJJeHHH QJ (j = 1 
.. . N), r,11.e N- t.JHCJJO HanpaBJieHHH Ha e.D,HHHlJ­

HOH ccpepe. Ecmi: q>}'HKUHR 'l'rp(Q
1
,x,y,z) Ha 

rpami:ue Ht.JeHKH .nm1 yrnoBoro rroToKa qacTHU 

npe.llCTaBJIHeTC.SI B BH,11.e PR.Ila C )'1-leTOM T0JJhKO 

JJHHeHHOH t.JaCTH no nepeMeHHhIM x, y, z, TO 

(8) npe,llCTaBJI.SleTC.SI B BM.Ile 

4' (.Q
1
,x,y,z) = a

1
(.Q) + a2 (.Q)x+ 

+a3 (.Q)y +a4 (.Q)z + a5 (.Q )xy + 

+a6 (.Q)xz+ai(.Q)yz+<p(.Q
1
,x y,z), 

r,lle j - H0Mep yr110Boro HanpaBnemrn .Q 
1 

. 

C'-IHTaeM, t.JTO pa3MepbI Ht.JeHKH y,11.oBJJeT­

Bop.si:1-0T OTIHCaHHhIM Bhlllle .llBYM KpHTep11HM. 

Tor.na rrpe,llIIOJiaraeM, '-!TO CeMH 6a30BblX cpytt­

KUHH ( ~1 = I , ~2 = x , ~3 = y , ~4 = z , ~s = xy , 

~6 = xz , ~7 = yz Ha rpaHH'IlU,IX IIJIOCKOCT.SIX 

XY, XZ, YZ) .llAA nwttei1:Horo npe,llCTaBJiemrn 

IlOTOKOB no npOCTPaHCTBeHHbIM nepeMeHHhIM 

Ha rpaHHUe .SI'-!eHKH 6y,1IeT ,llOCTaTO'-!HO, a 

<p(.Q
1
,x,y,z)= ag(Q1)xyz . 

K03cp(p11UHeHThI a, (fl) ... a7 (.Q) orrpe,lle­

JJHJOTCH. O.D,H03Ha'-IHO no y:rnaM Ha o6pa3YJO­

IUHX ITJJOCKOCTHX H.t.JeHKH (pHCyttOK), a ag(Q1) 
IlOJJ)"-laeTCR' KaK perneHHe 3a,lla'-IH (7). Ilpe.[(ITO­

JJaraeM, <no BHYTPH H.t.JCHKH (Kt.Jei1:Ka Mana) ttc­

TO'-!HHK 3a,llaH cpe.[{HHM 3Ha4eHHeM no npOCT­

paHCTBY, T.e. RMeeT B11.D, Q(Q;) = q(.Q)6(Q)' 

r.[{e 1'}(.Q) = I . 
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z fl ____ -,,. j8 

j5 /6 

/4 

/1 f2 X 

a) 

z 

j5 

/1 

fl ______ /8 

y 

f2 
6) 

f6 

X 

3JleMeHTapmUl .sit:teHKa: a) cxeMa .sit:teHKH; 6) 06pa3y10m11e IUJ0CK0CTH 0KTaHTa )],Jl.H y:rnajl 

Tiocne BhI'-IHCJieHHH 0m(0
1

,0 1, r)(m = 1... 

7) H 'l'(OJ, n,, r) OKOHqaTeJibHaJi cpopMyna ,n.mi: 

onpe,n.enemrn yrnosoro noTOKa s y:max j[qeH­

KH s 3HepreTJ,lqeCKOH rpynne, nonyqeHHaJi 

MeTO,lJ.OM ,lJ.HCKpeTHhIX op)lHHaT, 6y)leT HMeTh 

BH)l (3arrncaHa )lllil scex 8 OKTaHTOB BXO,lJ.H­

IUHX B j[qeHKY IlOTOKOB) 
8 M 7 8 M 

<l>,.j =IlL 0 m,l,kem,l,k,,.j +llq,,k'l't,k,1,1 · (9) 
k=I i=I m=I k=I i=I 

3,n.ech M - qHCJIO yrJIOBhIX HanpasneHHH s 

OKTaHTe; 0m,i,k,,,J - 6aJOBOe perneHHe OT 6aJO­

BOH. cpyttKUHH pa3JIO)KeHH.H IlOTOKa Ha rpaHH­

ue; '1',.k,,.J - 6aJosoe perneHHe OT 6aJosoii cpytt­

KUHH ,lJ.JI.H npe)lCTaBJieHHR pacnpe)leJieHHOro 

HCTO'IHHKa BHyrpH j{qei1:KH; am,l,k - K03cpcpH­

UHeHT pa3JIO)KeHHR no 6aJOBhIM Q)ym<UHRM 

perneHmi: Ha rpam-1uax jp.{ettKH; q, * - cpe.uHee 

3HaqeHHe HCToqHHKa s j[qeHKe (npe.unonara­

eTcR, qTO pa3MephI jp.{eH.KH MaJihl H HCToqHHK 

paBHOMepHO pacnpe,n.eJieH ITO .HqeH.Ke); i - HO­

Mep Y3na; j - HOMep yrna B BhIXO,lJ.HOM OKTaH­

Te y3na; k - HOMep OKTaHTa ( OKTaHTOB scero 

8); I - HOMep yrna s OKTaHTe; m - HOMep 6a-

30BOH <pyma:lHH B pa3JIO)Kemrn perneHHR Ha 

rpaHnuax .si:t:JeHKH (7 6a30BhIX cpyttKUHH )lJIR 

rrpe.ucrnsneHHH perneHHR Ha rpattm1ax). 

PerneHHe ypastteHHR nepeHoca .un.si: scei1: 

pacqeTHOH. o6nacTH rronyqaeTcR nocpe.ucTBOM 

HTepaUHOHHOro npouecca, B KOTOpOM HCnOJib-

3yeTCR ycJIOBHe paseHcTBa yrJIOBhIX rIOTOKOB 

Ha rpaHm1ax coce.um-1x no.uo6nacTeit Ka)K)la.si: 

IlO)l06JiaCTh paccqI-fTbIBaeTCR Ha OT,lJ.eJibHOM 

BbI'-IHCJIHTeJJhHOM MO,nyne cynepKOMflbIOTepa 

c rIOCJie)lyIOIUHM o6MeHOM BXO)l.slIUHMH H Bbl­

XO)l.slIUHMH yrnOBhIMH IJOTOKaMH Ha rpam-Iuax. 

Csmh Me)K,lJ.y ,si:qeiiKaMH B rro.n.o6nacTH pac-

6 

ClJHTbIBaeTC.sl no npe)lCTaBJieHHOH BhlllJe cpop­

Myne (9). 

Tipe)lJIO)KeHHaR MeTO)lHKa HaxO)K)lemrn 

yrnosoro noToKa npH perneHHH ypasHeHMR 

nepettoca DOJihUMaHa )lllil j[qeeK, OCHOBaHHaJi 

Ha pa36HeHHH KpaeBOH 3a)laqH Ha KpaeBbie 3a­

.uaqH C HCTOqHI-fKOM H 6e3 lfCTOlJHHKa, MO)KeT 

nerKo 6I,ITh npHMeHeHa ,lJ.JUI npose,neHHH na­

panneJihHhIX BhilJHCJieHHH. MeTO,lJ.HKa o6na.ua­

eT p.H)lOM npeHMyiuecTB, KOTOphle )laIOT BO3-

MO)KHOCTh 3cpcpeKTHBHO npOBO,lJ.HTh HTepauH­

OHHhIH npouecc C HCilOJih3OBaHHeM napan­

Jielli>HhIX BhllJHCJieHHH. 
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Y)],K 621.039 

IIporpaMMa ANGEL. Pemenue c ucnoJib30BaHHCM TexnoJiorHu CUDA 
CHCTCM JIHHCHHbIX ~ufl>fl>epCHU.H3JlbHhlX ypaBHCHHH 60JiblllOH pa3MCpHOCTH, 

OUHCbIB3IOUJ.HX HCCT3U.HOHapuble npo.u.ecCbl 

A.B. MopRKOB, C.C. llb1J1eB, 
HI1U "KyptJaTOBCKHH 1rncnnyr", 123182, MocKBa, nn. KypqaToBa, 1 

ITocTymrna B pe.uaKUHJO 05.07.2010 r. 

flpencrnsneHbl nOCTaHOBKa 3ana411 11 MeTOJ:(HYeCKHH nonxon JlJI.SI peweHHH 6onbWHX CHCTeM JlHHeHHbIX 
n11cpcpepeHL.(HaJlbHbIX ypasHeHHH, onHCblBalOU(HX HeCTaUHOHapHbIC npouecCbl, C np111,1eHeH11eM TeXHOJlOrHH 
CUDA, pean113osaHHblH s nporpaMMe ANGEL. ,[(aHbI pe3yJibTaTbt nnH TecTosoi1 3anaY11 nepeHoca pan11oaK­
THBHblX nponyKTOB no KOHrypaM HnepHOH 3HepreTHYeCKOH ycTaHOBKH. O6cy)l()\alOTCH B03M0)1(H0CTH HC­
nOJlb30BaHHH nporpaMMbt ANGEL nnH peweHHH pa3nHYHblX 3ana4, Monen1-1pyiomHX npoH3BOJlbHble ttecTa­
u110HapHb1e npoueccb1. 

l6uo'le6ble CJlOBa: nporpaMMa, KOMnblOTep, CHCTeMbl n1-1cpcpepeHUHaJlbHbIX ypaBHeHHH, rpacp11YeCKHH co­
npoueccop. 

ANGEL Computer Code. The Solver to Get Solution for Time Depended Large Linear Systems of 
Differential Equations Using CUDA Technology. A. V. Moryakov, S.S. Pylyov, NRC "Kurchatov Institute ", 
I, Kurchatov Sq., Moscow, 123182. 

This paper is devoted for computer code ANGEL that was developed specially to resolve large linear 
systems of differential equations by CUDA technology. Results for the transport of radioactive nuclid.::s for 
the test task are presented. 

Key Words: Program, Computer, Differential Equations Systems, Graphic Coprocessor. 

Bee,nem1e 

ITpH lfHCJieHHOM pewemrn: CHCTeM ypaB­

HeHHH, npHMemieMbIX .Ullil OITHcamrn: 3a.uaq 

MaTeMaTHtJeCKOH cpH3HKH, IlOlfTH scer.ua, eCJJH 

He HCilOJib3YJOTC51. CTan1CTHqecKHe MeTO,UhI, 

npHMeH51.IOTC51. KOHe'IBO-pa.JHOCTHbie npe,UCTa­

BJiemrn: tJaCTHbIX npOH3BO,UHbIX H HHTerpaJIOB, 

BXO.U51.IUHX B 3TH ypaBHemrn. 3TH npe.UCTaBJie­

HH51. B KOHetJHOM HTOre CBO,U51.T HCCJie.uyeMhie 

ypaBHeHI-UI K CHCTeMaM ypaBHeHHH, orpa)KaJO­

IUHM 6aJiaHC B 3JieMeHTe HeKOTOporo cpa.30B0-

ro npocrpaHCTBa, ,llJJ51. KOTOporo HaTTHCaHbl 

.uaHHbie ypaBHemrn, H OIIHCbIBaIOIIlHM MOJ].e­

JJHpyeMbie C IlOMOIUbJO 3THX ypaBHeHHH cpH-

3H'IeCKHe npoueccb1. 

Cnoco6 peweHIDI TaKHX CHCTeM B 60J1b­

llIHHCTBe cnyqaes HTepaUHOHHbIH, rapaHTHpy­

JOIUHH CXO.UHMOCTb 6aJiaHca c onpe.ueJieHROH 

T01IHOCTbIO B npouecce HTepaUHH. EcJIH pac­

CMarpHBaTb CHCTeMbI .UHcpcpepeHUHaJibHblX 

ypasHeHHH nepsoro nop51..UKa no npoH3BO.UHOH 

ao BpeMeHH, OTTHCb!BaIOIUHe HeCTaUHOI-IapHble 

npouecCbl, TO MO)KHO 3aMeTHTb O.llHY oco6eH­

HOCTb, CBOHCTBeHHYJO BCeM 3THM CHCTeMaM, -

HaJIH'!He e,llHHCTBeHHoro perneHH51., Y.UOBJieT­

BOp51.IOIUero 3a,llaHHblM HatJaJibHbIM ycJJOBIDIM. 

ITonara51.Cb Ha a,ueKBaTHOe OIIHCaHHe cpH-

3H1:leCKHX. npoueccoB, OTpa)KeHHhIX B 3THX CH­

CTeMax, MO)KHO Ha,lle51.TbC51., tJTO IIOJiyqeHHOe 

pel.lleHHe TaKHX CHCTeM 6y.ueT 6JIH3KO K pe­

weHHIO OpHrHHaJibHOH CHCTeMhI, H HCIIOJJb3O­

BaTh rrpocToH HTepauHOHHbIH cnoco6 .llllii Ha­

XO)KJJ.eHH51. pernemur. 3TOT cnoco6 scer.ua o6e­

cne'IHT rapaHTHpOBaHHYJO CXO,llHMOCTb HTepa­

UHOHHOro npouecca K peweHHJO 3a cqer rro.u-

6opa wara speMeHR6ro HHTepsaJia npH KO­

HetJHO-pa3HOCTHOM npe,llCTaBJieHHH rrpOH3BO,ll­

HOH HCKOMbIX <PYHKUHH no BpeMeHH . 

Bhr6paHHhIH speMeHHOH mar, rapaHTHpy­

JOIUHH CXO,llHMOCTb HTepaUHOHHOro npouecca, 

nopoii 6brnaeT O'!eHb MaJIOH BeJIH1IHHOH. 3TO 

se.ueT K 60JibllIHM BpeMeHHbIM 3arparnM npH 

IIOJiyqeHH51. perueHH51. .UIDKe Ha caMbIX MOIUHblX 

COBpeMeHHblX KOMIIblOTepax H3-3a Heo6XO,llH­

MOCTH npHMeH51.Tb 60JibIDOe 1IHCJIO speMeH­

HbIX waroB npH IIOJiyqeHHH pemeHH51. B npe.ue­

nax Hccne.uyeMoro speMetttt6ro orpe3Ka. 

3a.ua'IH, J].1151. OilHCaHH51. KOTOpbIX HCIIOJib-

3YIOTC51. CHCTeMbl ypaBHeHIIB 60JJbWOH pa.3-
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MepHOCTH, CTaHOBRTCR oco6eHHO nony;rnpHbl­

MH B nocne,nHee Bpewi:. PerneHIDI TaKHX 3a,naq 

cn)l)KaT ocHoBoii ,nJUI co3,na1-1HR BHPTYaJihHhIX 

MO,lleJieH pa.3JIHY.HblX o6beKTOB, TpeHa)l(epoB 11 

,npyrHx 3JTeMeHTOB, BXO)UllllHX B CJTO)l(HbJe 

nporpaM.MHhle KOMnJieKCbI. 

JJ:nR Mo,nen11posaHllil anropHTMOB pewe­

HHH TaKHX CHCTeM CTOHT sonpoc O C03,llaHHH 

MeTO,llHK, B TIOJIHOH Mepe HCnOJib3YJOll[HX HO­

sei1:rmi:e ,llOCTH)KeHllil B BbPUiCJIHTeJibHOH Tex­

HHKe, HarrpHMep, TaKHX KaK TeXHOJionrn 

CUDA (compute universal data architecture) 

[ 1]. PerneHHIO 3TOH 3a}].aY.H npHMeIDfTeJibHO K 

60JibillHM CHCTeMaM JlliHeHHblX ,nmpqiepeH.UH­

aJibHblX ypaBHeHHH, OIDICbJBalOIUHX HeCTaUH­

OHapHbJe npouecch1, nocBj{ll[eHa 3Ta pa6oTa. 

TexHononrn CUDA npe.n.cTasneHa H3Bec­

THOH aMepm<aHCKOH q>HpMOH NVIDIA. O.n.Ha 

H3 ccpep .n.eHTeJibHOCTH 3TOH q>HpMbI - npoH3-

B0}].CTBO rpaq>HY.eCKHX nJiaT ,llJUI KOMITbJOTe­

poB. 3Ta TeXHOJIOnui:, peaJIH30BaHHaH wrn 
rpaq>H'-IeCKHX KapT, ,naeT B03MO)KHOCTb IlOJib-

30BaTeJIIO B3RTb Beeb MOIUHbIH IlOTeHUHaJT He­

CKOJibKHX COTeH rpacpli'IeCKHX conpouecco­

poB, HaXO,llRIUHXCR Ha rpaq>Ht:JeCKOH KapTe, 

KOTOpbie cnoco6Hhl 0,llHOBpeMeHHO o6pa6aTbl­

BaTb 60JlbillHe MaCCHBbl }].aHHhlX. 

r paq>H'-leCKHe KapTbl HMeJOT CBOJO onepa­

THBHYJO naMITTb, }].OCTHfalOIUYJO HeCKOJibKHX 

rnra6ai1:T, H Il03BOJIIDOT pa6oTaTb C nepeMeH­

HbIMH ,llaHHbIX pa.3JIHqff0H ,llJIHHbl 6e3 3Ha'-IH­

TeJlbHblX IIOTepb speMeHH Ha Bbl'-IHCJTeHHK. 

Bo3MO)KHOCTh o6paruaTbCR K TaKHM rpaqiHqe­

CKHM KapTaM KaK He3aBHCHMbIM ycTpOHCTBaM, 

peaJTH30BaHHM t:Jepe3 pacnrnpemrn 6H6JIHOTeK 

nporpaMM TaKHX R3bIKOB rrporpaMMHpOBamrn, 

KaK <l>OPTP AH H CH, .n.enaeT pa6oTy c 

TaKHMH KapTaMH ,llOCTaTOY.HO y.n.o6HbIMH ,llJ1JI 

rrporpaMMHCTOB. 

B rrpouecce pa6oThl nporpaMMa o6pama­

eTCH K rpacpHt:JeCKOH KapTe KaK K ycTpOHCTBY 

(DEVICE), nepeHocH see Bhit:JHCJ1eHHR Ha 

rrpoueccopbl 3TOH KapTbl H o6pa.3yR Ha Hett 

MHO)KeCTBO rrapanneJlbHbIX npouecCOB HC­

TIOJ1b3YJOIUHX BeCb pecypc 3TOH KapTbl. Bnoc­

Jle}].CTBHH pe3yJ1bTaT Bblt:JHCJleHHR IlOCbIJlaeTCR 

Ha Bhl3bIBaJOIUHH KOMIIhJOTep (HOST). TaKHM 

o6pa.30M, 3a}].a'-!a noJib30BaTeJIH - Ham1can, 

anropHTM pernemrn cBoei1: 3a,nat:JH, npHMeHH­

JOIUHH B03MO)KHOCTH 3TOH TeXHOJIOrHH. 

8 

1. IlocTaHOBKa 3a~alfH 

Ilpe,!lIIOJIO)KHM, t:JTO paccMaTpHBaeMM CH­

CTeMa COCTOHT H3 k 3JJeMeHTOB, B K3)1(,ll0M 

3JieMeHTe cymecTByeT Ha6op napaMeTpoB-He­

H3BeCTHbIX ,llJIR ormcaHHR 3Toro 3JieMeHTa. 

CymecTByeT CBR3b Me)K,lly 3J1eMeHTaMH, }'Y.H­

TbJBaJOIUaR BJJHRHHe mo6bIX napa.MeTpOB J1I0-

6oro 3neMeHTa CHCTeMbI i Ha mo6oi1: napa­

MeTp mo6oro 3JieMeHTa CHCTeMbI j. HcKOMYJO 

Q)yttKUHJO perneHHR CHCTeMbl B MOMeHT spe­

MeHH l; ape,ncTaBHM B BH,lle BeKTopa <l>(t;). 
4 

PaJMepHOCTh BeKTopa ecTb N = L m, , r,ne m; -
1=1 

'-IHCJJO napaMeTpOB-HeH3BeCTHhIX ,llJIH 3JleMeH­

Ta CHCTeMbI C HOMepoM i. 
PernaeMOe ypaBHeHHe 6y.n.eT HMeTb BH}]. 

o<P(t)/01 = A4>(t) + q(t). (1) 
Oneparnp A npe,llCTaBJIReT KOHeY.HO-pa.3HOCT­

Hyro CBH3b rrapaMeTpOB-HeH3BeCTHblX BHyrpH 

3JieMeHTa CHCTeMbI H rrapaMeTpOB-HeH3BeCT­

HbIX Me)K,lly 3J1eMeHTaMH CHCTeMbI. q(t) - 113-

BeCTHhlH 'UleH HCTOY.Hm<a. OcHOBHhIM ycJJo­

BHeM CJJ)l)KHT ycJJOBHe JIHHeHHOCTH orrepaTopa 

A. EcJJH MaTeMaTHY.ecKaH MOJJ.eJJb 3a,naw rro3-

BOJUieT, TO B CJJyqae He06XO,llHMOCTH MO)KHO 

npHMeHHTh rrorrpaBKY Ha HeJJHHeHHOCTh one­

paTopa rryrnM aepecqern ero 3JJeMeHTOB, 11c­

TIOJib3YR IIOJJ}'Y.eHHOe paHee perneHHe )lJ1H on­

pe.n.eJJeHHOro MOMeHTa speMeHH. 

2. MeTO~HKa peweHHH 

Heo6XOJ1.HMO penrnTh CHCTeMy }].Hqlq>e­

peHUHaJibHbIX ypasHeHHH nepBoro nopRJJ.Ka 

no '-!aCTHOH rrpOH3B0,llHOH ITO BpeMeITTI C HJBe­

CTHhIMH HaY.aJibHbIMH ycJJOBllilMH ( 1 ). HcKO­

MbIH BeKTop perneHHH 6y,neM HCKaTb s BH}].e 
I 

4>(t) = <l>(to) + f q,(t)dt' , (2) 
'o 

r,ne <l>(to) - BeKTOp Ha'IaJibHbIX ycJJOBHH B MO­

MeHT speMeHH to, a <p(t) - BeKTOp HOBOH 

nepeMeHHOH. Ilo,ncTaBJIRJI B ypaBHeHHe (1 ), 
fIOJIY4HM HHTerpaJJbHOe ypaBHeHHe 80JihTep­

pa 
I 

<p(t) = A<l>(to) + A f q>(t}it' + q(t). (3) 

11cnoJih3YR KOHe'-IHO-pa.3HOCTHYJO arrrrpoK­

CHMaUHIO }].J1R ypaBHeHH.H (3), IlOJI}'Y.HM ypaB-



HeHHe B KOHeqHbIX pa3HOCT51:X }lJUI MOMeHTa 

speMeHH t, 
,,_, 

<p(t,) = A<l>(t0 ) + A f q>(()dt'+ ~t,A<p(t,)+q(t,). ( 4) 

,,_, 

BeJrnqHHa A f <p(t)dt' H3BeCTHa H noJJyqeHa C 

npHMeHeHHeM Haiin;eHHbIX IIOCJleJlOBaTeJibHbIX 

perneHHH .nmi: BpeMeHHhIX HHTepBanos !:!.t,, 

i = l...i-1. 

OcTanbHbie qJ1em,1 A<I>(to), q(t,) ypasHe­

mu1 TaIOKe onpe.neJJeHbI. TaKHM o6pa3oM, He­

o6XOJlHMO pellIHTb CHCTeMy anre6pauqecKHX 

ypasHeHHH 

cp(t;) = !:!.t; Acp(t;) + Q(t;), (5) 
r.ne Q(t;) o6beJlHH.SleT H3BeCTHbJe qJ]eHbl B 

ypasHemm (4). Ilo.n6npID! BpeMeHH0H mar !:!.t, 
TaKHM o6pa30M, qrn6b1 HOpMa oneparnpa !:!.t;A 
s IIpOCTPaHCTBe RN [2] 6brna MeHbllie I, 'ITO 

o6ecneqnT CXOJlHMOCTb HTepaUHOHHOro npo­

uecca npu perneHmt: ypaBHeHJur (5), HaXO.llHM 

perneHHe .nm1 cp(t;). 
,ll,anee nepeC'-IHTbIBaeTCH HCTO'-IHHK Q(t,) 

.nm1 cJJe.nyromero HHTepsana speMeHH t, H Ha­

XOJlHTCH HOBbIH BeKTop cp(t,), a CJleJlOBaTeJlb­

H0, H <I>(t;), CBH3aHHbIH C cp(t;) ypaBHeHHeM (2). 
PemaTb .naHHYJO CHCTeMy (3) MO)KHO pa3JIH'-I­

Hb1MH cnoco6aMH IIO CTaHJlapTHOH MeTOJlHKe, 

HanpHMep, IJOCJieJlOBaTeJlbH0 HTepaUHOHHO 

HaXOJlH perneHHH .nm1 l; HJlH IIOJiyqHB o6paT­

HbIH onepaTop, eCJJH onepaTop A B KOHeqHbIX 

pa3H0CTHX He MeIDieTCH Ha BpeMeHH0M HH­

TepBane, npe.ncTaBJIHeMOM 60JlbllIHM qucJJ0M 

!:!.t;, H ero pa3MepH0CTb N MeHI,llie qffCJla pa3-

6HeHHH BpeMeHH0ro HHTepBana. 

O.nHa H3 oco6eHHOCTeH TeXH0JI0rHH CU­

DA 3aKJIIO'-IaeTCH B B03M0)KHOCTH 3cpcpeKTHB­

HO pa60TaTb C onepaUHHMH BeKTOpHOH anre6-

pbI, TaKHMH KaK YMffO)KeHJrn MaTPHUbl Ha MaT­

p11uy H .npyrHMH, rronyqa.si: 3HaqnTeJlbHblli Bbl­

:urpollll BO BpeMeHH. HMeHHO 3Ta oco6eHHO­

CTE, HCIIOJihJyeTCH npH pellleHHH CHCTeMbl (5). 

3. rpa(t,H'-1ec1rnii: aJianTep 

OnepaTop A nm1 on11camu1 cncTeMhI 

npeJlCTaBJJHeT co6oii MaTPHUY pa3MepHOCTH 

(NxN) c 3JleMeHTaMH a,J- KaK OTMeqanoch Bbl-

rne, qepe3 3JleMeHTbl MaTpHUhl OTpa)KaJOTC$l 

CBH3H 3JieMeHTOB CHCTeMbl .npyr C )lpyroM. 

Ka)l(JlbIB 3JJeMeHT MaTPHUhI Jl0JJ)KeH 6bITh no­

nyqett H 0IIHCaH nepe)l HaqaJJQM ITOJJyqeHHH 

perneHH51. 11ccJJe}lyeMa51 cncTeMa nepe.n pac­

'-leT0M .nomrrna 6bITb IlOJlH0CTbIO onpe}leneHa. 

TaK KaK peurneMbie CHCTeMhl JlOCTaT0'-lH0 

60J1hll1He, TO .nm ynpoweHHH onucamu1 cs.si:-

3ei,i 3JleMeHT0B .npyr C JlpyroM B03MO)KH0 rrpH­

MeHHTh o6beMHbie rpacpHqecKHe a}lanTephl, 

KOT0pbie 3Haq11Tem,Ho ynpOCTHT II0JTh30BaTe­

JilO 0IIHCaHHe 3a}laqu_ 

n1060M 3JleMeHT CHCTeMhI npe)lCTaBJI51eT­

CH B BH)le reOMeTpH'-IeCKoro 3JleMeHTa (B }laH­

H0M cnyqae B BHJle napanJJeJJemme.na). 3JJe­

MeHT CHCTeMhI, npe.ncTaBJieHHhlH TaKHM cno­

co6oM, MO)KeT HMeTh CB51.3b C llleCThlO (no 

qHcJJy rpatteH napanJJeJJernme.na) ;1pyrHMH 

3JleMeHTaMH CHCTeMhI. TaKHM o6pa30M, Haxo­

Jl51Cb B pa6o'4eM o6beMe (npHMeH.SleMOM }lJlH 

OIIHCaHH51. BCe.H CHCTeMbI), BCe 3JleMeHThl CHC­

TeMbl CTaHOBHTCH CBH3aHHhIMH .npyr C .npyroM. 

K rrpeHMYIUeCTBaM TaKOro rpacpwieCKOro 

II0JlX0}la JlJ151 ODHCaHJrn JWHHbIX 3a.nal£H MO)l(­

HO 0THeCTH B03MO)KH0CTb MaCllITaforpoBamrn 

CHCTeM, K0r)la .no6rumem-1e HOBOH 1-IaCTH }lJIH 

CHCTeMbl CBOJlHTC51. K npocT0MY .n;o6asneHHlO 

rpynrn,1 3JleMeHTOB B pa6ol£HM 06beM H rpa­

Q)H'IeCKOH CBH3H ero C Heo6XO,llHMhIMH 3JJe­

MeHTaMH ~e cymeCTBOBasweH CHCTeMbl. 

IlpHHHMIDI Bo BHHMaHHe, 'ITO BHJyanbttoe 

socnpHHTHe mHpopMa[{HH CJl~HT JlJlH qeJJO­

BeKa ecTeCTBeHHbrM cnoco6oM ee noJJyqeHHH, 

TaKoi-i no.nxo.n; o'4eHh nepcneKTHBeH. Ilpor­

paMMa ANGEL, s KOTopoi-i HMeeTCH o6beM­

HbIH rpaqrnqecI<Jti:i a.n;anTep, HCilOJI.h3y'JOIUHH 

naKeT AUTOCAD [3], aBTOMaTuqecKH "pa3-

611paeT" HCCJJe.nyeMyro CHCTeMy Ha 3JieMeHThl 

H: ycTaHaBJJH.BaeT CBH3H 3JieMeHTOB CHCTeMhl 

Jlpyr C JlpyroM. 

,lJ,anee, rrpnMeHHH 3apaHee JaroTOsJJeHHYJO 

6H6m10TeKy JlJ151. 3JleMeHTOB CHCTeMhI, B KOTO­

poi-i OIIHCaHbl MaTeMaTHtJeCKH CB513H 3JieMeH­

TOB .npyr C .n;pyroM, B TOM '4HCJie H 0TPIDKaIO­

ll.lHe KOHe'IHO-pa3HOCTHbJe npe,ll;CTaBJleHJ,rn 

3THX CBH3ei-i, nporpaMMa ANGEL cpopMHpyeT 

onepaTop A, KOTOphIH H rrpeJlCTaBHT B KOHeq­

HOM HTOre MaTeMaTH'4eCKYJO MO,ll;eJlb CHCTe­

Mbl. ITp11se.neM npHMep HCIIOJI.h30BaHH51. 06b-
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eMHOro rpaqrn:qecKoro a,uanTepa .L(JHI om1ca­

HIU1 pacYeTHOH CHCTeMhl. Ha pHC. 1 (1-R cmp. 
11eem1-wu BKJIQOKU) npe.ncTaBJieHa CHCTeMa, co­

CT05lll.la5l H3 7 :meMeHTOB, CB5l3aHHhlX .npyr C 

,upyroM. 

TioJIHOe qJ,ICJJO 3JieMeHTOB .UJJ5l pacYJeTa 

paBHO 4x 1 x4 = 16, .rvrn 7 ,llOJJ)KHhl 6bITh onH­

caHbl CB5l3H, a OCTaJJhHbie 3JieMeHThI - "<pOHO­

Bbie", He BJJHIDOll.lHe Ha noBe,neHHe perneHH5l. 

,ll;JUI BH3YaJJhHOfO npe,ncTaBJieHH5l H KOHTPOJUI 

,U8HHhTX ,[{JI5l 38.D,84:H MO)KHO HCITOJlh30BaTh H 

mo6yio .upyryio Mo,nenh rpaqmqecKoro npe.uc­

TaBJieHH5l. 

4. IlpHMep HCil0Jlh30B3HHH 

B KaqecTBe 3a.L(aqH .LlJUI ,neMOHCTP8UHH pa-

6oTOcnoco6HOCTH npe,nnO)l{eHHOH MeTO.D,HKH 

Bh16patta 3a,uaqa MacconepeHoca pa,nHoaKTHB­

HhIX npO.UYKTOB ITO KOHTypaM .si:,nepHOH 3Hep­

reTHqeCKOH ycTaHOBKH. qHCJIO "npOCTPaHCT­

BeHHbIX" 3JieMeHTOB B CHCTeMe, CB5l38HHhIX 

nocne.uoBaTeJihHO ,npyr c .npyroM, YBeJIHq1-rna­

noc1, c 31 .uo 200, a pa3Mep MaTPHUhl COOTBeT­

crneHHO OT 124 .no 800. Pernanach 3a,naqa c 

.UByM5l uenoqKaMH no 4 H30TOITa B K8)1{.Ll0H 

,UJI5l BpeMeHHOfO HHTepBana pa60Thl ycTaHOB­

KH B 15 qacoB. TeCThl npoBO,l:U,IJIHCb .!(JUI O.UH­

HapHOH H .LlBOHHOH ToqHOCTH nonyqeHIDI pe-

3YJibTaTOB. 

HcrroJJh3yeMM rpaqmqecKM rrnaTa -

NVIDIA GeForce GTX 275 (240 1.55 Ghz). 

TiaM.si:Th Ha rrnaTe - 2 Gbt. Pe3yJlhTaThl YBeJJH­

YJeHH5l rrpoH3B0,llHTeJibHOCTH CHCTeMhI 38 C':leT 

HCITOJlb30BaHH5l TeXHOJJOfHH CUDA (K03lpqJH­

UHeHT ycKopeHHSI - OTHOllleHHe BpeMeHH pac­

qeTa Ha CPU K BpeMeHH pacqeTa c HCITOJib30-

BaHHeM GPU) npe,ucTaBJieHhI ua pHc. 2 (1-R 
cmp. tfBemHOU 6KJta0KU). 

3aKJIIO'lfeHHe 

PaccMOTPeHHaR Mo.n;enhtta.si: 3a.naqa .LlJUI 

nporpaMMhI ANGEL y6e.n;HTeJlbHO .neMOHCT­

pHpyeT pa60TOCIIOC06HOCTh H 3<p<peKTHBHOCTh 

npe,nJJO)KeHHOH MeTO,Ulll<H .umr KOHKpeTHOH 

38)],8"1H. BhIHrpbllll no BpeMeHH )],JJ11 .LlOCTaToq­

HO 60JihlillfX CHCTeM {Kor)],a pa3MepHOCTh MaT­

pHUbl nop.si:,uKa 400 w 6on ee) COCTaBJJSieT .no 

500 pa3 ,na)Ke Ha rpa<pRqecKHx Kaprax He ca­

Moro BhICOKOfO KJiacca 6bICTPO.UeHCTBH5l 

(HMeTOll.lHX scero HecKOJJhKO coTeH corrpouec­

copoB). 

B 38KJJJOqeHHe MO)l{HO OTMeTHM, ':ITO 

npe,nJJO)KeHHyK> MeTO,nHKY, peaJJH3OBaHH)'lO B 

rrporpaMMe ANGEL, MO)KHO HCITOJJh30BaTh 

.D,JUI .LlOCTaTOl!HO 60JlblllOfO KJJacca 3a_uaq, rro­

na.n.aTOlllHX no.u paCCMOTPeHH)'lO MaTeMaTH":le­

CK)'lO Mo.n.enh, H Ha,Lle5lThC5l, ':ITO li Ha 3THX 38-

.uaqax 6y,neT nonyqeua xopornM 3<p<peKTHB­

HOCTb npe,nJJO)KeHHOH MeTO,ll,HKH. CJie,ll,yeT 

eme pa3 OTMeTHTh, qTo orrepaTop A, OIIHCbIBa­

lOlllHH CHCTervty, .UOJJ)KeH 6hITh mrneHHhIM. 
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Y,11,K 621.039 
Pac•teT :1<1><1>cKTHBHhlX xapaKTepHCTHK S1'-1eeK peaKTopa 

C HCil0Jlh30BaHHeM MCTO)J.a BCpOHTHOCTCH nepBhlX CTOJIKHOBCHHH 

A.A. Koaw111mu11, 
HHU: "Kyp'-IaTOBCKHH HHcnnyr", 123182, MocKBa, nn. KypqaToaa, 1 

IlocTyrnrna B penaKIJ,HJO 19.12.2010 r. 

TTpe,DJlO)l(eHbl MO.IJ.H<pHKaU,H.H ypaaHeHHM MeTO)].a aepO.!!THOCTeH nepBblX CTOnKHOBeHHH, n03BOmllOlll,He 
Bbl'-IHCn.l!Tb 3cpcpeKT.HBHble xapaKTepHCTHKH MeTO)].a noaepXHOCTHblX rapMOHHK. 

Kmo'le6ble Cl/060: ypasHeHHe nepeHOCa, noaepXHOCTHble rapMOHHKH, rpaHH'IHbie ycnOBHJI. 

The Alghoritm of Calculation of Effective Characteristics of Nuclear Reactor Cells by Collision­
Probability Method. A.A. Kovalisltin, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182. 

The modifications of collision-probability method equations are presented. The modified system of 
equations allow to calcu late effective responses matrixes used by surface harmonics method. 

Key Words: Transport Equation, Surface Harmonics, Boundary Conditions. 

.D:o HeJlaBHero BpeMemr pacqeT 3cpcpeK­

THBHhIX xapaKTepHCTHK, rpe6yJOmHXC.H JlJl.H 

MeTO}],a rroaepXHOCTHbIX rapMOHHK (MITT) [1], 
rrpOBOJlHJIC.H TOJlhKO MeTOJlOM noBepXHOCTHhlX 

nceB)lOHCTOlffiHKOB no nporpaMMaM p AIJ:IU[ 
[2] JlAA IJ,HJIHHJlPI•f'IeCKOH reoMerpHH 11 K.JIA­
p A [3] )lJl.H .si:qeeK a KJiaCTepHOH reoMerpHH. 

IlpH3HaBa.H rrpeHM)'I.UeCTBa MeTO)la noaepXHO­

CTHhIX rrceB)lOHCTO'IHH.KOB JlAA JlaHHOfO KJiac­

ca 3aJlaq, TeM He MeHee CJTeJlyeT OTMeTH.Th, 

'ITO JlITR Ha)le)l{HOH BepHcj)HKaIJ,HH none3HO 

H.MeTh MH.HHM}'M JlBe nporpaMMhI, KOTOphie 

}'MeIOT C'IHTaTh OJlHY H TY )Ke seJIH'-IH.Hy. 

TaK)l{e CJieJlyeT npH3HaTb, 'ITO MeTOJl se­

pO.HTHOCTeH nepBhIX cTOJIKHOBeHHH (BITC) 
ceH'Iac RBJI.HeTCR, IIO)l{aJJ}'H, caMhIM pacnpocT­

paHeHHhIM MeTO}],OM pac'IeTa jlqeeK, H 6brno 

6hr none3Hh1M np1-1cnoco6HTh ero JlJIR pacqeTa 

xapaKTepHCTHK, rpe6yJOIIJ,HXCR JlJl.H MITT. 
ITpHMeH.HeMhie B HH3IllHX npH6JIH)KeHH.HX 

Milf npo6Hhie cpymaurn cp(r, Q) CJI}')KaT pe­

memtRMH ypaBHeHHR nepeHoca HeHrpOHOB B 

.si:qeifKe H onpe]],eJI.HIOTC.H rpaHHI.JHhIM ycJIOBH­

eM, KOTOpoe )lJIR CHMMerpH'IHOH npo6HOH 

cpyttKIJ.HH H UHJIHHJlpH'IeCKOH .H'IeHKH pa3Me­

poM R HMeeT BH)l [ 1] 
f (fio)cp(R,fi)dfi=l (1) 

(Q - OPT B ttanpaBJieHHH IIOJieTa HeihpOHOB ). 

3Toro ycJIOBH..H, KOHe'IHO, He,nOCTiiTO'-IHO 

.nn.si: o,nH03Ha'IHoro onpeneneHHR npo6Hoi1: 

<PYHKUJ,{H, HO JlOCTaTO'IHO }],Jl.H nocrpoeHH.H 

ypaBHeHJ,{H Milf . .D:n.si: OJJ.H03Hat.JHoro onpene-

neHH.H Heo6xo)lHMO 3a)laTh yrnoBoe pacnpe,ue­

neHHe scex Hel{eTHhIX MOMeHTOB H HX npocT­

paHCTBeHHOe pacnpe,ueneHHe Ha rpaHHIJ.e, a 

TaK)l{e :mepreTHt.JecKoe pacnpe.neneH11e B cny­

qae HCIIOJlh30BaHH.H MROfHX JHepreTHI.JeCKJ,fX 

rpynn. 

TaKOe IIOJIO)KeHHe OCTaBJIReT HeKOTOPYJO 

CB06o,lly BhI6opa, HanpHMep, He)lOCTalOll.J,yJO 

HHcj)OpMaUHJO MO)KRO B3.HTh H3 BCIIOMOra­

TeJibHhlX 3ana'I, TeM caMhIM "yranas npa­

BHJihHoe pernem1e". Ilocne Toro, KaK 3a_naqa c 

ycJIOBJ-!eM ( 1) 6yneT perneHa, Hy')l{HO BbI'IHC­

JIHTh cpyttKUHOHaJJhl OT perneHH.H CJie)lyJOIIJ,ero 

BH)la: / = f ( .Qn )1 cp( R, Q )d!!. 
4it 

IloKa)KeM )laJJee, KaK TaKYfO 3a)lat.Jy MO)K­

HO pernHTh B paMKax BIIC. PaccMoTpHM .H4eH­

KY, cocTo.si:myJO H3 N 30H. Ha rpaHm1e .si:qeiiKH 

O,llHOCTOpOHHHH TOK BXOJl.Hll.J,J,fX ( +) J,f BhIXO,ll.H­

llUfX (-) HeHrpOHOB npe]],CTaBJI.HeTC.H B BHJle 
5 

J ± (r,,!!)= I(nn)w* (fi)a;, r.ue cpyttKUHH wk 
k=O 

3a,!J,aIOTC.H CJie)lyJOll.J,HMH COOTHOllleHHKMH: 
k 

wk(!!)= Lb;_t; (!1), 
t=O 

/ 0 (!1)=1, 
J;(fi)=sin0cos<p, 
/ 2 (fi)=sin 2 0, 

./2 ( .Q) = sin 2 0 cos(2cp ), 
/ 4 ( .Q) = sin3 0cos<p, 
J5 ( !! ) = sin3 0cos(3cp), 

it/2 • f f w. (0,cp)w*. (0,cp)sin
2
0coscpd0d<p= <>.t.e · 

-•/2 0 

TaKHM o6pa30M, }],JIH OTIHCaHHH yrnoBoro 

pacnpeneneHHR Ha rpaHHUe npHMeH.HIOTCR 12 
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cpym<UMH yrJJOB, no 6 B Ka)K,UyIO CTOpOHY (BM.U 

cpym<UHH, MCTTOJib30BaHHbIX ,UJUI OilHCaHI-Ul yr­

JJOBOH 3a.BHCHMOCTH, B3HT 113 [ 4 ]). CHCTeMa 

KOOp,UJrnaT B OIIBCamrn yrJJOBOH 3aBHCHMOCTH 

- o6hf'IHM .UJUI BTTC no,uxo,ua [5]. 
IlpHMemrn ,uanee o6bf'IH)'IO Texmrny Me­

TO)la BilC, MO)KHO nocTpOHTb MaTpuuy Bepo­

RTHOCTeH. Bse,ueM seKTOpbI cpe,u1mx no 30-

HaM noTOKOB H HCTO'-IHHKOB HeHTPOHOB cne-

.uyromero BH,Ua: <l>=[<l>1···<l>Nr, Q=[Q1···QNr · 
3,uecb HH,UeKC onpe.uenHeT HOMep 30Hhl. 

Tor.ua HCKOMaH cHcTeMa ypaBHeHHH BTTC 

HMeeT BH.ll 

(2) 

O6o3HalleHHH 3,uecb o6hitJHbie .UJJR BIIC 

MeTO,Ua. 

KaK npa.BHJJO, KJJaCCH'leCKM 3a,ua1:1a, KOTO­

pyro npHXO.UHTCH pemaTb, - :no 3a,ua1:1a c rpa­

HHlffihIM ycnOBMeM OTPa)KeHJrn HeHTPOHOB OT 

BHenrnei1 rpaHHUhI. TaKoe ycnosHe MO)KeT 

6hITh 3anHCaHO B cne.n:yromeM BH,Ue: J+ = pJ- , 

r.n:e MaTPHUa ~ 03HaqaeT ycJIOBHH OTpa)KeHHR 

JIH6o "MaTOBOro" B cnyqae UHJIHH,llpH30B3H­

HOH rpaHHUhl, m160 3epKaJJhHOro B cnyqae 

"peanhHOH" rpaHHm,1. 

Tor.ua H3 CHCTeMhI (2) MO)l(HO HCKJJIO'IBTh 

TOKH H rronyqHTb OKOH'laTeJJbHhJe ypaBHeHlur 

BIIC Mern.ua 

I:V<I> = PQ; } 
P = P!/ + P., (I - PP,, f' PP,, . 

Tenepb paCCMOTPHM 3a,n:aqy C BTeKaIOIUH­

MH TOKaMH, npHlleM cornacHO cpopMaJIH3MY 

MITT H~O 33.U3Tb Ha rpaIDU.{e H1:leHKH He-

1:leTHbie MoMeHTbI yrnoBoro pacrrpe,ueneHHR 

.UJJR noJIHoro HHTepBana yrnoB. 3aTeM Heo6-

xo,uHMO IlOJiyqHTb 1:leTHbie MOMeHTbl peme­

HHR. B .n:aHHOH IlOCTaHOBKe HeT BO3MO)l(HOCTH 

IIOCTaBHTb TaKHe rpaHH'-IHbie YCJIOBHR ,UJUI 06-

menpMHHTbIX ccpepH'!eCKHX rapMOHHK, O.UHaKO 

MO)l(HO BBeCTH CBOH Ha6op <PYHKUHH, KOTO­

pbIH '!aCTH'lHO 6y,ueT COBna,uaTb co ccpepH'-leC­

KHMH <PYHKUHHMH (qepe3 O.UHy). 

B 3TOM CJJ)"Iae MO)l(HO peunlTb IlOCTaB­

JieHHYJ-0 Ja,uaqy T0'-1.HO, no Kpaiittei1 Mepe, .UJJR 

ypOBHeH (TepMHH ypoBeHb BBe,ueH s pa6oTe 

[ l] H 03Ha'-!aeT KOM6MH3UHIO HyJieBoro H 

BTOporo yrJIOBbJX MOMeHTOB) , T.e. B HH3llieM 

(H OCHOBHOM) npH6JJH)l(eHJlH MIIf. )];JUI JTOro 

12 

BBe,UeM CBOH Ha6op <PYHKUHH B IIOJIHOM HH­

Tepsane yrnoB cne.uyroIUHM o6pa30M: 

Het.JeTHbie OTHOCHTeJJbHO HanpaBJJeHHH noneTa 

J =J+ -TJ- , 
'-1.eTHhie OTHOCHTeJibHO Hanpa.BJJeHHH noneTa 

r =J+ +r. 
B Ka'-lecrne MaTPHUhI T MO)KHO B3HT.b e.n:w­

HH'lHyro MaTPHUY, so Tor.n:a BCTaHeT Bonpoc, 

KaK 3a,UaBaTb KOJ<P<PHUHeHTbl rrepe.u BbIClliH­

MH <PYHKUHHMH yrnoB. ITpH pacqeT.e M3T.pHU 

MIIf B Ka'-lecTBe yrnoBoro pacnpe.n:eneHHH 

BbIClliMX MOMeHTOB 6epyTCH 3Ha1:leHHH, nony-

1:leHHbJe H3 pac1:1eTa Ha Koo. IIocTynHM TaK )Ke, 

H Tor.ua B Kat.JeCTBe MaT.pMUbl T MO)KHO B3HTb 

MaTpHUY ~- B JTOM cnyqae 

I:V<I> = PQ + SJ; } (3) 
S = P,1 (I - PP .. f' . 

Tor.ua KOJ<P<PHUHeHTbI nepe.u t.JeTHbIMH 

rapMOHHKaMH orrpe,ueJJRIOTCH KaK 

TaKHM o6paJoM, ypaBHeHHR BTTC c.se,ueHbI K 

BM.UY, y.n:o6HOMY .UJIH Bbl'-JMCJieHHH MaTPHU OT­

KJJHKa, HCilOJlb3yIOIUHXCSI B ypaBHeHHSIX Milf. 
Ot.JeBH.UHO, '-ITO see Hapa6oTKH, xapaKTep­

Hbie .UJIH BTTC, Kor.ua MO)KHO nonyqaTh perne­

HHH ypaBHeHHH nepettoca .llllil pa3HbIX reoMeT­

pHu, C 3ITTl3OT.pOilHbIM pacceHHHeM H T.,ll., ,UM 

CTaH,UapTHbIX 3a,uaq (Ha KpHTH'-IHOCTb H'-!eH­

KH), MOryT 6hITh npHMeHeHhI 11 .UJJH HeCTaH­

.n:apTHbIX 3a,n:aq C BTeKaIOIUHMH TOKaMl!. Bee 

H3MeHeHHH KOCHyTCH MaT.pHl(, BXO,UHIUHX B 
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OCTaHeTCH 6e3 H3MeHeHIIB. 
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Cnoco6 pac11eTa rpauu11nhlx ycJJonuii 
ua rpauuu,e aKTHBHOH 30Hhl H OTpaJKaTeJJH 

A.A. KoeaJluutuH, 
HHU "KyptJaTOBCKHH 1rncnnyr", 123182, MocKBa, rn1. KyptJaTOBa, 1 

IlocTymrna B pe.uaKUmo 19.12.2010 r. 

TTpe)],CTaBJleHO onHCaHHe MeT0)],a pacYeTil rpaHH4HblX ycnoBHH Ha rpaHHUe aKTHBHOH 30Hbl R)],ep1-1oro 
peaKTopa H OTpaJKaTeJlR. B OCHOBY a.nropHTMa nOJl0)l{eH MeTO)], nosepXHOCTHblX rapMOHHK H pa.3pa6oTaHo 
pacwHpeHHe 3TOro MeTO)],a Ha o6nacrn co CJlO)Kl-lOH reOMeTpHYeCKOH CTpyKTypOH. 

KJ110l/e6ble CJIOBa: ypaBHeHHe nepeHoca, nosepXHOCTHbte rapMOHHKH, rpaHH4Hble ycnOBH51. 

The Method of Boundary Conditions Calculation for Boundary between Nuclear Reactor Core and 
Reflector. A.A. Kovalishin, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182. 

The description of method of boundary conditions calculation is presented basing on the sourface 
hannonics method. 

Key Words: Transport Equation, Surface Hannonics, Boundary Conditions. 

OcHOBHoe TPe6oBaIDt.e, KOTopoMy, no Ha­

rneMy MHeHHJO, ,UOJDKeH Y.D.OBJleTBOp.slTb Me­

TO,ll pactJeTa rpaHH':IHbJX )'CJlOBHH Ha rpaHHQe 

aKTHBHOH 30HhI BB3P, - :no He3aBiiCHMOCTb 

HJJH, no KpaHHeH Mepe, cna6a.s1 3aBHCHMOCTb 

OT caoiicTB aKTHBHOH 30HbI. B ocHoBy ai1ro­

pHTMa IlOJlO)KeH MeTO,U IlOBepXHOCTHblX rap­

MOHHK [ 1] H pa3pa6ornHo pacnrnpem1.e :noro 

-

MeTo,na Ha o6JJaCTH co CJlO)KHOM reoMerpHtJec­

KOK CTP)'KTypOH. 

PacCMOTPHM aKTHBH)'JO 30HY MepHoro 

peaKTOpa C rpaHHUeH r, .slBJl.slJOllleHC.sl Henpe­

pbIBHOH (p)'HKQHeH KOOp,llHHaT. BBe,UeM HOp­

MaJJh K rpaHHQe, HanpaBJleHH)'JO BH)'TPh. O6-

o6weHHbie rpaHH11m1e ycJJOBH.sl Ha rpaHHu;e 

aKTHBHOH 30Hhl .sl,llepHOro peaKTOpa Moryr 

6hITh 3arrncaHhl B BH,Ue 

;+ (".,, !!,E) = f dE'f dr; f (!!n)d!!'W(r; -H,, !!' ➔ !!,E' ➔ E)r (r;, !!',E'). (1) 
o r (nn)<o 

3.uecr, ;+ ( r,. !!, E ) - HeHTPOHhI, nepeceKa­

romHe rpaHHa;y B ttarrpaBJJemrn eopMaJJH n, 
T.e. B03Bpawa10wHec.s1 B aKTHBHyJO 30Hy; 

r ( rs, !!, E)- HeHTpOHhI, nepeceKaIOWHe 

rpamn~y B HanpaBJJeHHH, npon!BOilOJlO)KHOM 

HOpMaJJH, T.e. IlOKH,UaJOwHe aKTHBH)'JO 30Hy; 

W( r:: ➔ rs, o·➔ .Q, E'➔ E) - SILlPO HHTer-

paJJhHOfO onepaTopa, HMeIOmee npOCTOH <pH-

3H'-!eCKHH CMhICJl, TaKOM, ':ITO W( r; ➔ rs, g·➔ 

Q E·➔ E) drdrsd,EdE,d.Qd.Q' eCTh aepo.s1THO-

CTI, Hei:iTPOHY, BblJleTeBrneMy qepe3 rpaHHUY B 

HHTepBane [ r; ; r; + d r~ ] H HMeromeMy 3Hep-

rHIO H HanpaBJJeHHe IIOJleTa B HHTepBanax 

cooTBeTcTBeHHO [E'; E' + dE'], [.Q'; g ' + d.Q'], 
BepHYfbCSI B aKTHBHyJO 30HY qepe3 HHTepBaJJ 

rpaHHUhI [rs; rs+ drs] c 3Heprneii H HarrpaB­

neHHeM nonern B HHTepBanax [E; E + dE] , [.Q; 
Q + d.Q] , COOTBeTCTBeHHO. 
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BhrpIDI<emrn ( 1) MO)KHO nepenHCaTh B 60-

nee y,uo6ttoM ,um1 ..UaJJhHettnrnx rrpeo6pa.1osa-

-
HHH, HO Mettee HarJJ~HOM BH,lle (2] 

q>oven (r, !2,E) = f dE'f dr; f dQ'W(r~ -H,,!l' ➔ Q,E ➔ E)q,00d (r', Q', E') , (2) 
0 r 4x 

r..ue (j)cven - qeTHa.ll qaCTh cl>YHKQHH pacnpe,ue­

JJeHIDI ( (j)even(.Q) = (j)cven(- .Q), 

q>cven( Q) = L a,.Y,,( Q )) ' (j)odd - HelfeTHaiI 
11=0.2.4, .. . 

(<j>odd (.Q) = - (j)odd(- .Q), 
q>00i Q) = L a,,Y,,( Q )) , Yn(.Q) - ccpep1P1ecKHe 

n=l,3,5,. 

rapMOHHKH. 

E6JlhlllM qacTh HH)J(eHepHhIX rrporpaMM, 

npHMeHiieMhIX ce11qac ,um1 pactJeTa peaKTO­

poB, orpaHwmBaeTc.si: ..UBYM.ll 1rnettaMH B onH­

caHHH yrnoBoro pacnpe,ueneHH.ll HeHTpOHOB: 

OJ].HHM lfeTHhIM MOMeHTOM (KaK npaBHJlO, :no 

TIOTOK) H OJ].HHM HetJeTHhlM (KaK npaBHJJO, :no 

TIOJJHhIH TOK). no 3TOH np.H'IHHe rpamrqHbie 

ycnOBIDI 3J].eCh JJ.OCTaTOlfHO npeJJ.CTaBHTh B BH­

ne CB.ll3H Me)K,[{y OJJ.HHM qeTHhlM .H 0.11.HHM He­

qeTHhIM MOMeHTaMH: 

-
<I>(rs,E) =f dE'f dr:w0(r~➔ r,,E➔ E)J(r~,E'). (3) 

o r 
BHelllHJUI. rpaHHUa peaKTopa o6pa30BaHa 

rpaH.llMH KacceT, npHMhIKaJOIUHX K OTpa)KaTe­

JJIO. IlpOHYMepyeM yqacnrn rpaHHUbI, Ka)K­

,ll;hlli H3 KOTOpblX COOTBeTcTByeT O,llHO.H rpaHH 

KacceTbI, KaK TIOKa3aHO Ha pHC. 1. 

Kacce-ra 
BHewHero 

pll.!la 

Kacce-ra 
BHeWHero rpattb / 

pll.!la 

Kacce-ra 
s11ew11ero 

pll11a 

P1-1c. I. BHeurn.11.11 rpaHHL(a aKTHBHOH 30Hbl, HyMe­

pau1-1.11 yi.taCTKOB BHewHeH rpaHHL(bl 
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ITepeHJ].eM B ypaBHeHHH (3) K rpyrrnoBOMy 

nptt6JJH)KeHHJO B OIIHCaHHH 3HepreTHtJeCKOH 

3aBHCHMOCTH, HCITOJJh3Y.ll npH 3TOM o6hJqHhJH 

cpopMaJJH3M (2]. Tor..ua ypaBHeHHe (3) neperrn­

llleTc.si: B BHJ].e 
G 

<l>g (r)= Lf dr;w/-+g (r; ➔ r, )P' (r'), (4) 
g'=I r 

r..ue ~(r) H .P(r) - rpymTOBhie 3HatJeHH.ll no­

TOKa H TOKa, COOTBeTCTBeHHO. IlpOHHTerpHpy­

eM ypaBHeHHe ( 4) no rpaHH i, Tor.n.a .n.n.si: cpe.11.­

HHX no rpaH.llM TOKOB H TIOTOKOB IJOJJYtJHM 

cne.uyroruee cooTHOlllem1e: 

<I>,= LGJ➔IJJ . (5) 
J 

3..uech MaTpHUhl cj-+ i HMeIOT pa3MepHOCTb 

qHcna rpynn B om1caHHH :mepreTHtJecKo.ii 

3aBHCHMOCTH, 3JJeMeHT G~-:' MaTpHI..J;bl - 3TO 

ITOTOK B g-H rpynrre Ha i-,H rpaHH, KOTOpbl.H 

C03.[l.aeT eJ].HHHlJHhl.H TOK g-.ii rpyrrrrhI, npoTe­

KaIOI.QHH qepe3 rpaHb j. 
QqeBH,llHO, 'ITO 3JJeMeHTbl MaTpHU (j-+ i 

6y.n.YT y6hrnaTh c pocTOM Ii - JI, no3TOMY CYM­

MHpoBaHHe B (5) MO>KHO rrpOBO]lMTb He no 

BCeM 3JJeMeHTaM, a orpamrqHThC.ll TOJlhKO He­

CKOJJhKHMH coce]J.HHMH C i rpaH.llMH. IlpoBe.n.e­

Hbl HCCJJeJ].OBaHIDI, KOTOphie nOKa3aJJH, 'ITO 

J].JJ.ll KpynHOCeTO'IHhIX KO,llOB JJ.OCTaTO'IHO yq:H­

TbIBaTb TOJJbKO BJJH.llHHe .n;Byx coce]J.HHX rpa­

HeH. Ha pHc. 2 (1-R cmp. 1,fBemHoii. e1<1zao1<u) 
npe.11.cTaBneH rpaq>HK 3aBHCHMOCTH 4-rpynno­

Boro nOTOKa He.HTpOHOB OT KOOp.llHHaThl. 

TaKHM o6pa30M, Bblpa)KeHHe (5) npHHH­

MaeT cne..uyroIUHH BH,ll: 

(I) = G HI J + G 1-1➔1 J + G 1+l➔1 J (6) 
t , ,-1 HI ' 

B MaTpHuax (j-+ i co.z:i;ep)l(IfTC.ll BC.ll HH­

cpopMaUH.ll 06 OTpa)KaTerre. EcnH .[I.JJ.ll BblqHC­

JJeHH.ll MaTpHU HCITOJJh3yeTC.ll ,llOCTaTO'!HO 

60JlblllOe lfHCJlO rpynn, TO MaTpHI..J;bl (j-+ I 3a­

BHC.llT TOJJhKO OT CBOHCTB OTpa)KaTeJJ.ll H He 3a­

BHC.llT OT csoi1cTB aKTHBHOH 30HhI. TaKHM 06-

pa.10M, MaTpHUhl (j-+ 1 
rrerKO annpOKCHMHpy­

IOTC.ll, OHH 3aBHC.llT OT KOHUeHTpaUHH 6opa B 

OTpa)KaTeJJe H ITJIOTHOCTH BOJJ.bl (B03MO>KHO, H 

ee TeMrrepaTypbI). 



CaepTKa MaYpHQ rpamP-JHbIX ycJIOBHM K 

MeHbllleMy l!HCJIY rpynn npOBO,ll.HTCH cnenyw­

I.QHM 06pa10M· G1;' = ~ ~ G1-:'!.P" r.ne • xx L..,; L..,; gg J ' 
g "Eg i!"Eg' 

J;°- BHYTpHrpynnoBOM cneKTP TOKOB; CYM­

MHpoBaHHe OCY1I1eCTBm1eTCH no HH,lleKcaM 

rpynn BHYTPH "KpynHoi1" rpynru,1. 

OYpa)KaTeJib BB3P npe,ncTaBJIHeT co6ow 

JJ,OCTaTO':iHO CJIO)l<HYIO reoMeYpHlleCKyI-0 CTPY­

KTypy. TipoBO,ll.HTb pacqeT 3,nech CJie,nyeT B 

,llOCTaTO':iHO 60JlblllOM llHCJie 3HepreTH':leCKHX 

rpynn B npH6Jl11)KeHHH, yqHTh!BaFOI.QeM CJIO)K­

HyI-0 yrnoByI-O 3aBHCHMOCTb noTOKa, H C ,l],OC­

TaTO':iHO MeJIKHM lllaroM no npocYpaHCTBeH­

HhlM nepeMeHHhIM. Tio3TOMY npeJJ,IIO'ITHTeJih­

HblM, Ha Harn B3rJUI,n, 5IBJI5IeTC5I ceTO':iHhIM Me­

TO,ll. He 6y,neM Ha naHHOM 3Tane KOHKpeTH3H­

poBaTh CTPYKTYPY Mern.na, a paccMOTpHM 

CIIOC06hI IIOCTpOeHJUI npocYpaHCTBeHHOH ceT­

KH B oYpa)KaTeJie BB3P. Ha pHc. 3 npe.ncrnB­

JieHo pa16HeHHe o6JiaCTH OYpa)KaTeJIH BB3P-

1000 (cHMMeYpH5I 1/12) Ha reKcaroHaJlbHbie 

no.no6JiacTH. 

B CHJIY CJIO)KHOH reoMeYpHtiecKoif CTPYK­

Typbr pactieTHOH o6JiaCTH npoQecc TIOCYpOe­

HHH cenrn aBTOMaTH3HpOBaH. l1MeeTC5I BO3-

MO)KHOCTb CYpOHTh CeTKY C npOH3BOJlhHblM 

maroM. TaK KaK 3JieMeHThI MaYpHQ (j---+ 1 
6y­

.llYT y6bIBaTb c pocTOM Ii - JI, MO)KHO noHM3HTh 

pa3MepHOCTb 3a,l],a'111; ,ll.Jl5I '.)TOfO IIPH pactieTe 

MaYpHll rpaHHllHbJX ycJIOBHH He HCKaTb perne­

mre BO BCeM KOJibQe oYpa)KaTeJIH, a orpamr­

llHTbCH HeKOTOpbIM ceKTOpOM. PeKOMeH.nyeTC5I 

Bbl,lleJIHTb ceKTOp, BKJIIO':lafOI.QHH B ce6H rpalib 

i 11. TPH coce,lJ,HHX C 06e11.x CTOpOH. Pac'leTHhie 

o6JiaCTH ( ceKTOpbI) ,l],JIH rpaHeH 1 11. 2 npe.n­

CTaBJieHbl Ha p11.c. 4 11. 5. 
Beeb pacl-JeT npoBOJJ,HTCH s TPH 3Tana: 

• nocYpoemre ceTKH Ha OYp3)KaTeJie, 

• pa1611.eHMe oYpa)KaTeJrn Ha pac'leTHhie 

o6nacTH no l-JHCJIY rpaHeu, 

• peUJeHHe B nono6nacrnx N 3a.naq (N -
llHCJIO rpyrrn) C BTeKaJOI.QHMH TOKaMH H 

Bbll-JHCJieHHe COOTBeTCTByI-01..QHX MaYpHQ. 

fpaHHtIHbie ycnosWI )lJIH 3a,l1,a4:II onpe.n:e-

neHHH g-ro CTOJI6Qa MaTpHUbl Gi-+J BbITil5I)lHT 

CJie,llyI-OI.QHM o6pa30M: 

p ' (r, )= { 
1, ecmt g' = g , r, E r~; 

0, ecm1 HHa'!e. 

3neMeHTbl COOTBeTCTBYIOilleM MaYpHQbl 6y.nYT 

q>yttKUHOHaJlaMH OT IlOJiyqeHHOfO peUJemrn: 

G~-:;1 = J.. f dr, <t>g' ( r, ) , a - .nmrna rpaHH, HHTer-
a r, 

pHpoBam-1e rrpOBO,ll.HTCH no j-H rpam1. 

P11c. 3. Mo.uenbHOe npe.ucrnsneHHe pacYeTHOH o6nacTH - OTproKaTenb BB3 P- 1000, CHMMeTpHSI 30°, war 

CeTKH 1,275 CM 
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PHc. 4. Mo.ueJ1hHoe npe.ncTaBJ1em1e pac4eTHOH 06J1acn1 - cpparMeHT 0Tpa)KaTem1 BB3P- I 000 .nmr Bbl4HCJ1e­
Hl-fjf rpaHH4HhlX ycJ10BHH Ha rpaHH N2 I 

P11c. 5. Mo.neJ1bHOe npe.ncrnsJ1ett11e pac4eTHOH 06J1aCTH - cpparMeHT oTpa)KaTeJljf BB3P-l 000 .LI.Jlj! BbitJHCJle­
HJ,fjf rpaHHtJHhIX ycJ10BHH Ha rpaHH N2 2 

TaKHM o6pa.30M, tJT06hl HaHTH sech Heo6-

XO.D.HMbIH Ha6op MaTpHU rpaHWIHhIX ycnosmi, 
He06XO.ll,HMO pernHTb KOJlHI.JeCTBO 3a.ll,at.J, paB­

HOe npmnse.n.eHHIO 1.JHCJ1a rpynn Ha 1mcno 
BHellIHHX rpaHeH KacceT. 
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Y)];K 621.039 

Bse~CHHC nonpaBOK, Y1JHTb1Ba10~HX B3aHM03aBHCHMOCTh MYJibTHrpynnOBbIX 

KOHCTaHT, K pe3yJibTaTaM MYJibTHrpynnOBhlX paCIJCTOB no TeopHH BOJMy~eHHH 

K.<I>. PocKa'l, 
<l>fYTT 'THU: P<l>-<I>3I1", 249033, r. O6ttHHCK Ka.rJY)KCKOH o6n., rm. 601-1,11,apeHKO, 1 

IlocTymrna B pe,11,aK1.u,no 05.09.2010 r. 

TTpH MYJibntrpynnOBOM pacYeTe K03cpcjrn1..u1eHTOB peaKTHBHOCTH H YYBCTBHTeJlbHOCTH 6e3 yYeTa B3aHMO-
3aBHCHMOCTH MYJlbTHrpynnOBblX KOHCTaHT MOryT BO3HHKaTb MeTO.ll,H4eCKHe norpewHOCTH. ,[(.lrn yYeTa .n,a1-1-
1-1oro 3cpcpeKTa 88O.ll,l!TCS! TaK Ha3bl8aeMble Hel!BHble COCTaBJll!IOIJ..lHe YKa3aHHblX BeJlH4HH. TTpe.ll,JlmKeH npoc­
TOH MeTO.n, pacYeTa .n,aHHblX BeJll-1'-IHH, OCHOB3HHblH Ha HCnOJib3OBaHHH no.n.rpynnOBblX napaMeTpOB. 

K1110 11eBble CJIOBa: TeopHS! 803MYll.leHHH, K03<:pcpHUHeHTbl peaKTHBHOCTH, K03cpcj>11u11eHTbl YYBCTBHTeJlb­
HOCTH, MYJlbTHrpynnOBbte KOHCTaHTbl, no.n,rpynnOBble napaMeTpbl. 

A Technique for Taking into Account Interdependence of Multigroup Constants in Perturbation 
Theory Calculations. K.F. Raskac/1, Obninsk Institute for Physics and Power Engineering, I , Bondarenko 
Sq., Obninsk, Kaluga Region, 249033. 

In multigroup calculations of reactivity worths and sensitivity coefficients methodical biases can appear if 
interdependence of multigroup constants is not taken into account. In order to do it one introduces so-called 
implicit components of the aforementioned values. In the paper a simple technique of computing these values 
is proposed. It is based on the use of subgroup parameters. 

Key Words: Perturbation Theory, Reactivity Worths, Sensitivity Coefficients, Multigroup Constants, Sub­
group Parameters. 

BBe.ueuue 

B rrocne,nHee BpeM.SI s rrpaKTHKe 1-1ei1:TpoH­
Ho-cpu3uqecKHx pacqeT0B Bee 6onblllee npu­
MeI-IeHHe HaXO,ll.SIT M0HTe-Kapn0BCKHe rrpor­
paMMbl C HerrpepbIBHbIM CJie)KeHHeM 3a 3Hep­
rneH BeHTPOHOB, TaKHe KaK MCNP, SER­
PENT, MCU. C ,11,pyroii cTopoHbI, MYJibTH­
rpynnosbre MOHTe-KapnoscKHe KO.llbl see eme 
rrrnpoKo ucnonb3)'lOTC.SI (KENO, MORET, 
MMKFK, MMK). 

qTO KacaeTC.SI TaK)Ke lllHp0KO rrpHMem1e­
Mb[X ,neTepMHHHCTHqecKHX KOL{OB, pea.ril13)'lO­
mux cospeMeHHhle no;::i:xo;::i:bI K pewettmo ypa­
BHeHH.SI rrepe1-1oca HeihpOHOB, TaKHX KaK Me­
T0,11, ,11,ucKpeTHbIX op,11,HHaT (ONEDANT/TWO­
DANT, DORT/TORT, KATRIN) H MeTo,11, xa­
paKTepHCTHK (MCCG3D), TO 3;::i:ecb MYJibTH­
rpyrrnosoe H .na)Ke rpynnosoe npu6JIH)Keruur 
HCilOJib3)'lOTC.SI B HaCTO.S1:1Uee BpeM.SI H, no­
BH,11,HMOMY, 6y,11,YT npHMeH.SITbC.SI s 6y,11,ymeM. 
B nepcneKTHBe 3,11,ecb B03MO)KeH mnm, nepe­
xo.n K TaK Ha3hrnaeMoMy npH6nm1<eru110 
csepxy3KHX rpynn (Ultra Fine Group Approxi­
mation). 

O,11,HOH H3 3a,11,aq HeihpOHHO-Q)H3HLJeCKOro 
paclJeTa .SIBn.SleTC.SI BbPIHCJieHHe rrp0113BO,lJ,llbTX 

nepBoro rrop~,11,Ka OT HeKOTOpOH pacqeTHOH 
seJTWIHHbl (3cpcpeKTHBHOro K03q>Q)HUHeHTa 
pa3MHO)KeHH.SI, CKOpOCTH KaKOH-JIH60 peaK­
UHH, 3Q)q>eKTHBHOH .UOmt: 3aITa3,lJ,bIBal01UHX 
HeifTPOHOB H T . .u.) no 3a,11,aHHI,IM pacqeTHbIM 
napaMeTpaM. Ha116onee qacTo s KaqeCTse Ta­
KHX napaMeTpOB paccMaTPHBaIOTC.SI KOHUeHT­
paum1 H30TOITOB H HeihpOHHbie K0HCTaHTbl. 

KaK H3BeCTHO, ,uaHHa.SI 3a,11,aqa M0)KeT 
6bITb 3cpcpeKTHBHO perueHa C II0M0lUblO Teo­
PHH B03Myme1-111i1: 1-ro nop.SIL{Ka (06h1q1-1oi-i [1], 
ecm1 pactJeTHOH BenuqHHOH CJI~T 3Q)Q)eK­
THBHb[H K03Q)Q)HUHeHT pa3MH0)l(eHH.SI, HJIH 
o6o6meHHOH [2 ... 4], eCJIH pacqeTHOH BeJTHqff­
HOH .S1BJI.S1eTC.S1 JIHHeHHbTH q>yttKUHOHan noToKa 
HeHTPOHOB HJIH 6HJIHHeHHbIH Q)j'HKUHOHaJI 
IT OTO Ka H ueHHOCTH HeHTPOHOB ) , a TaK)Ke C 
IlOMOlUblO OCHOBaHHbJX Ha MeTO.ne ,11,Hcpq>epeH­
UHaJibHOfO onepaTOpa (Differential Operator 
Method) [5, 6] crreuHanhHhIX M0HTe-Kapnosc­
KHX MeTO,llOB oueHKH npOH3BO,lJ,HbIX [7 ... 11 ] . 

Tiocne,11,HHe CJIY)KaT B H3BeCTHOH CTerreHH 
a.rJbTepHaTHBHblMH MeT0)J,aMH TeopHH B03MY­
IUeHHH, TIO B OTnHqHe OT HHX Moryr 6bITb HC­
IIOJib30BaHbl H npH ttenpepblBHOM CJie)KeHFrn 
3a 3Heprneii HeHTPOH0B (Teop1u1 803Myme-
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HHH B np11Hu1me MO)KeT npHMeH51.TbC51 B paM­

KaX MeTo.na MoHTe-Kapno (cM. , Harrp11Mep, 

pa6oTy [ 12]), HO TaKOe ee HCITOJJh30BaHHe, rro­

B11)Il1MOMY, orpaHw:1eHo np11MeHem1eM MYJJb­
TttrpynnoBoro npw6n11)KeHH51, TaK KaK nptt pe­

rneHMH O,lIHOpO.LIHOH conp51)KeHHOH 3a,natU1 C 

tterrpepbIBHhIM cne)Kem,eM 3a :rnepr11e:i1 HeH­

TpOHOB BO3HH.Kal-OT cyrueCTBeHHbie 3arpy.n­

HeHID1.). 

ITpOH3B0,lIHble OT pac':leTHhlX BeJIM'Il1H B 

rrpHHUHile MO)KHO Bhl':IHCJUI.Th H nyreM np51-

MhIX rrepec':leTOB (B p51,ne Cn)":laeB MX TaK 11 orr­

pe,neJI51lOT), T.e. Henocpe.ncrneHHO B03Myrua.51 

Te 1rn11 HHhie pac'leTHhie napaMeTphI 11 onpe­

.nemrn pa3HOCTh Me)K.ny 3HaLl.eHIDIMH pac':leT­

HOH BeJJH':IHHhI, COOTBeTCTBYIQUlHMH BO3MY­

meHHhlM 11 HeB03MY[lleHHhIM 3Ha':leHIDI.M pac­

qeTHhJX rrapaMeTpOB. O,nHaKO, 3,necb HMeeTC51 

p51.LI o6mett3BeCTHhIX TPY.LIHOCTeH. 

1) ITepBM cyruecTBeHHM TPY.LIHOCTh CB51-

3aHa C TeM, ':!TO B o6meM, HO qacTo B03HHKalO­

[UeM Ha npaKTHKe, cn)":lae .lIJUI. oueHKH Bcex 

He06XO,llMMbJX npOH3B0,lIHhlX H~HO npo.ue­

JiaTh orpoMHhIH o6beM BhPrncn11TeJJhHOH pa-

6oThI. TaK, nanp11Mep, □pH pac':leTe KOJ<pqrn­

mi:eHTOB LIYBCTBHTeJibHOCTH K rrapUHaJJhHhIM 

HeHrpOHHhIM KOHCTaHTaM pa3nH':1HhlX H30TO­

I10B ,llJJ51 300 JHepreTH':leCKHX MYJJhTHrpynn 

(HJJH JHepreTH':leCKHX 11HTepBaJJOB, ecJJM HC­

ITOJJh3yeTC51 MeTO.u MoHTe-Kapno C HerrpepbIB­

HhIM CJJe)KeHHeM 3a JHeprtteH HeHrpOHOB) 

Tpe6yeTC51 rrop51,llKa 300x6x 10 = 18 000 np51-

MhIX nepec1:1eTOB (3.uecb ':IHCJIO 6 COOTBeTCTBy­

eT 6 OCHOBHhlM THITa.M napUHaJJhHhlX MHKpO­

KOHCTaHT - cr1 , crc, cr,1 , CJ1nel> v1 , µ,1 

( ceqeHIUIM .neneHH51 11 3axBaTa, yrrpyroro 11 

Heynpyroro pacce.llHHH, cpe.ntteMy ':111cny 

BTOpH':IHhlX HeHrpOHOB .neneHH51 11 cpe.uHeMy 

KOCHHycy ynpyroro pacce51HH51), a ':IHCJJO 10 -
no nop.ll.UKY BenH':IHHhl xapaKTepHOMY 1:111cny 

H3OTOnOB B pac':leTHOH MO,llem,). 

TaKHM o6pa30M, ecnH, CKa)KeM, BpeM.SI 0,ll­

HOro pac':leTa cocTaBJI51eT o,nHy MHHyTY, TO 

cyMMapHoe BpeM.SI ClfeTa COCTaBHT (18 000:60) 
:24 = 12,5 CyT. ,[{a)Ke eCJIH BpeM.ll O.UHOro pac­

':leTa cocTaBrr51eT Bcero 1 c , o6mee BpeM.SI cqe­

Ta COCTaBHT 5 yac. B peanbHOCTH BpeM.SI O,llHO­

ro pac':leTa .na)Ke B npocTettrn11x cn)":la51x Mo­

)KeT COCTaBn51Th 11 qac, H HeCKOJihKO qacoB, a B 

6onee cJIO)KHhJX CJI)":la51x - .uecjJTKH qacoB 
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c':lern Ha coBpeMeHHOH TexmfKe. ITpu JTOM 

cne.nyeT HMeTh B BM.UY, ':!TO B HeKOTOphIX npH­

no)KeHH51X pac'-1.eThI lJ)'BCTBHTeJihHOCTeH npH­

XO,llHTC51 rrpoBO)IHTh ,llJI51 ,neC51TKOB H ,lla.)Ke co­

TeH pac':leTHhlX MO.neneii. 

TaKa51 He06XO}].l[MOCTb BO3HHKaeT □pH 

aHaJJM3e HHTerpanbHhIX JKCnep11MeHTOB H HX 

rrepeHoce Ha pa3n111nn,1e uerreBbie <pyttKUHH 

(cM., Ha□pHMep, pa6oTy [13]). KpoMe Bcero 

rrpoqero, rrp11MeHeH11e rrpHMI>IX nepeclfeTOB 

rrpH 6oJiblllOM KOnH':leCTBe paCC'lHThIBaeMblX 

BeJIH':IHH CB513aHO C rpy.uoeMKOH pa60TOH no 

no,nroTOBKe cpai1noB BXO,llHbJX .uaHHhIX 11 o6pa-

60TKOH cpaIDIOB BbIXO,llHbIX .uaHHbIX. 

2) ,[{pyra51 TPY.LIHOCTh, CBH3aHHM C rrp51-

MbIMH rrepecY.eTaMH, COCTOHT B TOM, 1:1.TO np11 

HCITOJih30BaHHH ,naHHOfO MeTo.na ':laCTO 6hrna­

eT TPY.UHO flOJiyqMTb npOH3B0,llHbie C Tpe6ye­

MOH TOl{HOCTblO. Oco6eHHO JTO KacaeTC51 Me­

TO.na MoHTe-Kaprro. O,nHaKo np11 oueHI<e npo­

H3BO.llHhIX no TaKHM BeJIH':IHHaM, KaK ceqeH11e 

pacce,rn1rn, cpe.nHHH KOCHHYC yrna yrrpyroro 

pacce.llHHjJ, .naHHa.51 TPY.lIHOCTh MO)KeT 6hITh 

aKTYaJJhHOH 11 .UJUI. .ueTepMHHHCTM1IecKoro Me­

To.ua. 

TaKHM o6pa30M, MeTO,llbl TeopHH B03MY­

[UeHHH H MOHTe-KaprrOBCKHe MeTO.lihl pac<JeTa 

rrpo113BO.UHhIX cn~aT Heo6xo,nHMhIM cpe.ncT­

BOM perneHIDI. p51.na npaKTHl{eCKHX 3a)la'l. qTO 

KacaeTc51 MeTo.ua MoHTe-Kapno c Henpephrn­

HhIM cJie)KemrnM 3a JHeprneH HeHTpoHa, TO 

rrocn e.nHHe 113 YKa3aHHbIX MeTO,llOB no Kpau­

HeH Mepe B npHHUime 06ecrre':II1BalOT 3aMKHY­

TOe perneH11e 3a.uaq11 o pacqeTe npoH3BO.lIHhIX 

.[laHHOH q)H3H'leCKOH BeJIHl{HHbI ITO OTHOIIIe­

HHlO K KOHJ..{eHTpauH51M H30TOil0B H HeHrpOH­

Hb!M KOHCTaHTaM. 

qTO )Ke KacaeTC51: rrpHMeHeHIUI MeTO.lIOB 

TeopHH B03MyrueHHH B ,[leTepMHHHCTMl{eCKHX 

pacqeTax, a TaK)Ke HCIIOJib30BaHH51 MOHTe-Kap­

nOBCKHX MeT0.[10B pacqern npOH3B0.[{HhIX B 

paMKax MynhTHrpyrrnoBOro rrp116JIH)KeHHH, TO 

OKa3bIBaeTC51, '-I.TO OHH 51BJJ51lOTC51 He3aMKHyThl­

MH, T.e. B o6meM Cn)":lae He .naIOT npaBHJlh­

HbIX 3Ha':leHHH Bbll{HCJI51:eMbIX BeJIHlJHH. 3To 

CBH3aHO C TeM, l{TO npaKTH'-1.eCKOe np11MeHe-

11.11e BCex YKa3aHHblX Bblllle MeTO.lIOB on11paeT­

C51 Ha npe.r1noJIO)KeHHe O He3aBHCHMOCTH HeH­

TpOHHblX KOHCTaHT pa3JIH'-IHblX 1130TOI10B. 

Me)K.ny TeM npo6neMHO-Op11eHTHpOBaHHble 



KOHCTaHTbl pa.3J1J1qHbIX 1130TOT10B CB513aHbl 

Me)KJJ.Y co6ow. 

llycTh ):tn.sI IIO)lroTOBKR MYJlbTm-pynno­

BbIX KOHCTaHT HCT10J1b3YeTC51 cpopMaJIH3M ce­

tJeHH51 pa.36asneHIDI H cpaKTOpOB pe30I-JaHCHOH 

caM03KpaHHpOBKH [ 14]. 3TOT cpopMaJIH3M 

rrp11MeHHeTCH B H3BeCTHOH pocc11iicKOH c11cTe­

Me rpynnOBbIX KOHCTaHT £HAE [14 ... 16] 11 BO 

MHOnrx 3apy6e)l(HbIX CHCTeMax (cM., HarrpH­

Mep, [17, 18]). TiycTb npH ITO)lTOTOBKe KOHC­

TaHT MO)K}-10 orpaHHlJHTbC.sI np116J1J1)KemteM 

ITporn)KeHHhIX 30H. Tor)la ceqett11e pa.36asne­

mrn H30TOila i , BXO)l51!llero B COCTaB )laHHOH 

KOMT10311UHH, eCTb 

(1) 

me Y, - KOHUeHTpaUH51 H30TOIIa i ; CYMMHPO­

BaHHe B npaBOH t:JaCTH (1) Be.LJ,eTC51 no BCeM 

OCTaJlbHbIM H30TOITaM, BXO)l51!llHM B COCTaB 

KOMil03HUHH, 3a HCKJ1I-OlJeH11eM H30TOna i. 
llp11 H3BeCTHOM ceqemrn pa.36aBnemrn 

H30Tona i 6J10KHJ)OBaHHbJe 3HatJeHIDI napUH­

aJlbHbIX Ml1KJ)OKOHCTaHT 3TOrO H30TOITa BbI­

'IBCJl.sII-OTC& ITO q>OpMyne 

(2) 

me n 03HatJaeT Tttn ceqeHH&, f., ., ( 0 0.,) - cpaK­

Top pe30HaHCHOH caM03KpaHHpOBKH (cpaKTOp 

nOH.LJ,apeHKO ), KOTOJ)bIH rn6ynttpyeTC.sI 11 )ln& 

KOToporo 3a)laHbI 3aKOHbI HHTepnOJ151UHH 11 

3KCTpaITOJ1&UHl1. 

B npaBOH qacTl1 (1) CTO.IIT 6J10KHJ)OBaH­

Hbie 3Hat.feHIDI IlOJ1HOro cetJeHIDI )lJ151 pa.3J1Ht.f­

HbIX H30TOilOB, KOTOpbie H3Hat.faJibHO Hel13Be­

CTHbl, T.e. peaJibHOe HCilOJ1b30Balllle .LJ,aHHOH 

q)OPMYJ1bl MO)KeT 6hITb J111illb HTepau:110HHblM 

(Ha npaKTHKe )lOCTaTOt.fHO Bcero HeCKOJlbKHX 

l1Tepau11i1). Anrop11TM orr11paeTC.sI Ha TaK Ha-

3bIBaeMoe np116J111)Kett11e Y3KOro pe3ottattca, 

KOr.LJ,a JII-06oe CTOJ1KHOBeH11e c .11.Ll,pOM ".LJ,pyro­

ro" 1130TOITa BblBO)lHT HeHTpOH 113 30Hbl )leik­

TBIDI pe3oHaHca )laHHOro H30TOila. TipH 11C­

Tl0Jlb30Bamn1 300-rpynnoBOH 3HepreTl1t.feCKOH 

CTpYKTYPbl 3TO np116J111)KeH11e xopollIO ce6.si 

orrpaB)lbJBaeT, TaK KaK HH3KOJie)KaJlll1e pe30-

HaHCbl OKa.3bJBaIOTC51 npaKTl1lJeCKH pa.3peilleH­

HbIMH, a )llll 60J1bWHHCTBa OCTaJlbHblX pe30-

HaHCOB OHO pa6oTaeT KOppeKTHO. 

113 OITHCaHH51 aJiropHTMa paC'-leTa 6J10Kl1-

posaHHblX MYJlbTHrpynnOBbIX KOHCTaHT Ot.fe-

BH)lHO, lJTO 3TH KOHCTaHTbJ, BOo6me roBop&, 

.sIBJ!filOTC.II B3al1M03aBHCl1MblMH. llycTb, Ha­

rrpHMep, paccMaTp1rnaeTc& tteKa.si cMecb 113 

H30TOIIa-pacce11BaTeJI.sI H pe30HaHCHOro 1130-

TOIIa. Tor.LJ,a, C O)lHOH CTOpOHbI, H3MeHett11e 

Ta6J1H'-IHOro 3H8'-JeHH.sI Ce'-leHH51 pacce51Hl151 

nepsoro H30TOITa npwBe.LJ,eT K ttenocpe.LJ,CTBeH­

HOMY OTKJ111KY na 3TO ,uaHHOH pacY:eTHOH Be­

J111'-IHHbl. 3TOT OTKJ1HK BCer.ua H B1IlJHCJ1&eTCSI 

C IlOMOII{bl-0 MeTO)lOB TeopHH B03MYJlleHHH 

HJ1H MOHTe-KapnOBCKHX MeTO)lOB pact.feTa npo­

H3BO)lHbJX. 

BMeCTe C TeM nerKO BH.LJ,eTb, lJTO H3MeHe­

HHe Ta6Jil1Y:HOro 3HalJeHIDI ceY:eHH.sI pacce51Hl1SI 

nepsoro 1130TOITa cpaKTHlJeCKH 6y)leT 03HaqaTb 

TaIOKe HeKoropoe H3MeHem1e 6J10KHpOBaHHbIX 

3Haqemdi: ceqeH1111 BToporo H30Tona, lJTO TaK­

)Ke .LJ,OJI)KHO np11secT11 K tteKoTopoMy OTKJJl1KY 

pacqeTHOH seJ1HlJHHbI. B CJ10)KHBII1eiic.11 B noc­

ne.uttee BpeM.sI TepMHHOJ10rHl1 [19, 20] OTKJJl1K 

nepsoro T11na npHH.IITO Ha.3bIBaTb .IIBHOH co­

CT8BJ151IOII{eH Bbll{HCJ1.1IeMOH npoH3BO)lHOH 

(tJYBCTBl1TeJ1bHOCTH, peaKTHBHOCTH H T . .LJ,.), B 

TO BpeM.II KaK OTKJ1HK BT0poro T11na - He.HBHOH 

COCTaBJUlIO!lleH. 

B cnyqae, Korna npH pactJeTe npo6neMHO­

op11ettrnpoBaHHhIX (6noKHpOBaHHbIX) MYJlbTl1-

rpynnoBbIX KOHCTaHT ynoMHHaBrneec.si Bbiille 

npH6J111)KeHHe npOT.H)KeHHbIX 30H .IIBJ151eTC51 

HeKoppeKTHbIM, T.e. BepOSITHOCTbIO Toro, qTO 

HeHTpOH, He 11CITbITaB HM O)lHOro CTOJlKHOBe­

Hl1.H, BbIH)leT 113 reoMeTp11qecKoi1 30HhI, co­

.LJ,ep)Karueif .uaHHbIH MaTep11aJ1, npette6peq1, 

HeJib3.sI, cpopMaJIH3M ce1:1eHH.sI pa.36aBJ1eHH51 11 

¢aKTOpOB pe30HaHCHOH caM03Kpatt11pOBKH 

MO)KeT 6hITb coxpatteH. O.LJ,HaKO, B 3Haqemie 

ceqeH11.s1 pa.36asnett11.11, nonyqettttoe no ( 1 ), 
.uom1rna 6hITb BHeceHa .LJ,o6asKa, YtJHTbma1-0-

ma.s1 YKa.JaHHyI-0 BepO.sITHOCTb, a TaK)Ke sepo­

.sITHOCTb Toro, l{TO BbJUJe)lWHH HettTpOH, He 

HCITbITaB HH O)lHOrO CTOJ1KHOBeHH.sI, MO)KeT 

Oil.lITb sepHYTbC.sI B TY )Ke caMyIO (tt.UeHTHl{­

HyI-0) 30HY (HMeIOTC.sI B B11.LJ,Y pa.3JlHl{Hbie ne­

pHO)lH'IeCKHe CTpYKTYPbI). 

TTpaKTl1'-!eCKl1 nepBaj{ BepO.IITH0CTb Bbl­

'-IHCmieTC.sI Ha OCHOBe paUHOHaJlbH0ro ITpH-

6nm1<eH11.sI B11rnepa c yqeToM nonpaBKH 6en­

na [2 l], a BTOpa51 - '-Iepe3 cpaKTOp )],aHKOBa, 

KOTOphrn )lJl.sI ni:m-rqHblX reTeporellHbIX cpe,ll 

MO)KeT 6b!Tb paccq_11TaH ITO Mern.uy 3aY3pa 
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(Sauer) (cM., ttanpHMep, [22]). TaKHM o6pa-

30M OlfeBH.IJ.HO, '-ITO rrpH Y4eTe reTeporeHHbIX 

pe30H3HCHblX 3q:icpeKTOB npH IlOJJ.rDTOBKe 

MYJibTHrpyrrnOBblX KOHCTaHT B33HM033BHCH­

MbIMH MOfYT 6bITb KOHCTaHTbl pa3JIHtJHJ:,IX 

H30TOTTOB, OTHOC.SUUHXCR He TOJibKO K OJJ.HOH 

MaTepHa.JlhHOH o6naCTH, HO H K pa3HhIM MaTe­

pHanhHbIM o6nacrnM. 

B JJ.3HHOH pa6oTe, OJJ.HaKO, orpaHHlfHMC.ll 

3a.11.aqej;i yqern He.llBHbIX COCTaBJIIDOIUHX K03Q_)­

cp1il.J;I1eHTOB qyscTBHTeJibHOCTH .IJ.JI.)1 TeX cnyqa­

eB, r.11.e 11pH6JimKeHHe rrpoTIDK.eHHhlX 30H npH 

no.11.roTOBKe MYJibTHrpyrrnOBhIX KOHCTaHT BhI­

TIOJIH.lleTC.ll. CnY4ai-i cpe.11., 06na.11.aIOIUHX MI-IK­

pocKonwqecKOH reTeporeHHOCTbIO, K HaCTO.l1-

1UeMy BpeMeHH TaIOKe H3Y4eH, HO 6y.11.eT pac­

CMOTpeH B cne.11.yroIIIeH pa6oTe. 

1. HeHBHhle COCT3BJIHl011.lHe 

KOl<f><f>HUHeHTOB lfYBCTBHTeJJLHOCTH 

IlpHpo.11.a He.llBHbrX COCTaBJI.lllOIUHX K03!p­

q:>HUHeHTOB lfYBCTBHTeJibHOCTH, KOTOpbie B03-

IDU<aroT npH HCilOJih30BaHHH MYJihTHrpynno­

BOro npH6nmKeHHR, pacCMOTPeHa BhIUie. }fa 
3TOro paCCMOTPemrn BbITeKaeT H q:>OpMyna, 

KOTOPM MO)KeT 6bITb rrpHMeHeHa JJ.JIR Y4eTa 

HeHBHhlX COCTaBJIIDOIUHX. IlyCTb Hae HHTepe­

cyeT OTKJIHK pact.JeTHOH BeJIWIHHbl f Ha H3-

MeHemrn napCI.HaJihHoro cetJeHHH an,, THna n 

H30TOna i (HHJJ.eKC 3HepreTHqecKOH MYJihTH­

rpyrrnhI JJ.JI.ll npOCTOTbl OITYIIIeH), 

O6o3HalfHM TIOJIHyIO sapI-rnUHIO BeJIHlfH­

Hbl f qepe3 8/ . 5IBHM COCTaBJIRfOIUM of., 
3TOH BapHaUHH, KaK OTMet.JeHO BbIWe, CB.l13aHa 

npOCTO C sapHaUHeH oan,1 cet.JeHJUI an.,. He.l1B-

HM COCTaBmfIOIUM 8/un CB.l13aHa CO BCeB03-

MO)KHbIMH sapHaUHRMH BeJlH'-IHHbl J , OTBel.f.a­

fOIJlHMH sap11au11HM ◊IJ m,J Cet.JeHHH IJ m,J , 

j -:t:. i , KOTOpbie B CBOIO oqepe.11.h CBR3aHbl C 

BapaauHeH oan., cetJeHHR an,,. TaKHM o6pa-

30M, MO)KHO 3aIIHCaTb 

8/ = of., + 8/un . (3) 

Pacn11cas 6onee rro,llpo6Ho Bbipa)l{em,e 

(3), IlOJIYlfHM 

df = of + LL _J[_ oam.J . (4) 
don., oa,,_, J"' "' oam.1 oa,,,, 
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Bso.11.R o6IUenpHHRToe 011pe.11.eneHHe JJ.rrH 

K03cpqJHUHeHTa lfYBCTBHTeJlbHOCTH npOH3-

B0JlbHOH seJIHt.JHHhI y K npOH3BOJihHOH )Ke 

senH'IHHe x, S_t = (x I y)(dy I dx), OKOH'-la­

TeJihHO TIOJlYlfl-lM 

s~. = s~. + rrs:._, s:::' . (5) 
)~I m 

B 3TOH q:>opMyne aepsoe cnaraeMoe crrpa­

sa npe,UCTaBJIHeT co6oH RBHYJO COCTaBJIRIO­

IUyIO K03q>q>Hl.{HeHTa tJYBCTBHTeJlhHOCTH pac­

tJeTHOH BeJIHlfHHbl J K Ce'-leHHIO a,,_, , a BTO-

poe cnaraeMoe (JJ.BOMHaH CYMMa) - tteRBHyIO 

COCTaBJlIDOlllyIO. 34>4>eKTHBHOe 3Ha'-leHHe K0-

3q><pHUHeHTa '-IYBCTBl-ITeJibHOCTH, BKJlJOqaro­

IUee s ce6.l1 KaK HBHyIO, TaK 11 He.llBHyIO COCTa­

BJIIDOlIJ,He, OTMeqeHO 3HaKOM "TI,JJlbJJ.a". 

lfa (5) BH.11.HO, lfTO He.llBHbie COCTaBJI.lllO­

IUHe K03<p<pHUHeHTOB lfYBCTBHTeJibHOCTH Bhl­

pa)KalOTC.l1 qepe3 HBHbie COCTaBJIHIOIIJ.He H K0-

3<pq>HUHeHTbl tJYBCTBHTeJibHOCTH ceqeHHH O)l­

HHX H30TOTTOB K ceqeHHHM ,llpyrnx (.UJI.l1 KpaT­

KOCTH 3TH Bemf''IHHbl 6y.11.eM Ha3hlBaTb K03cp­

Q)HUHeHTaMH lfYBCTBHTeJlbHOCTH "cetJeHHe-ce­

t.JeHHe"), HepaBeHCTBO KOTOpbIX s o6IUeM cny­

qae ttynio KaK pa3 H OTPa)KaeT B3aHM03aBHCH­

MOCTh 6JIOKHpOBaHHbIX cet.JeHHH. 

KaK ~e OTMetJanOCb, HBHhie COCTaBJIRJO­

IUtte K03q>Q)HUHeHTOB lfYBCTBHTeJibHOCTH BCe­

r.11.a H Bbl'-IHCJIRIOTC.l1 no TeopHH B03MY1UeHHH 

JIH60 C npHMeHeHHeM cneuHanbHblX MOHTe­

KapnOBCKHX MeTO,UOB. TaKHM o6pa30M, 3a)laqa 

BbllfHCJieHJ,IJl He.l1BHbIX COCTaBJIIDOIUHX K03cp­

q>HUHeHTOB t.JYBCTBHTeJihHOCTH, a C HHMH H 

3cpcpeKTHBHbIX K03cpq>HUHeHTOB lfYBCTBHTeJib­

HOCTH, CBOJJ.HTC.ll K Bbl'IHCJieHHIO BeJlH'IHH 

B 3aKnioqeHHe 3Toro pa3,uena B KaqecTBe 

cnpaBOlJHOH HHQ)OpMaUHH 3aMeTHM, qTo K0-

3<pq>HUHeHTb1 qyscTBHTeJlbHOCTH s:, K KOH-

ueHTPaUH.llM H30TOilOB 'Y, (B cnyqae, ecnH TIO)l 

pacqeTHOH BeJJH'-IHHOH TTOHHMaeTC.ll 3cpcpeK­

THBHblli K03<p<pHUI,JeHT pa3MHO)KeHHH, K03cp­

<p11UHeHT qyscTBHTeJlbHOCTH K KOHI.{eHTPaUHH 

H30TOrra t.JaCTO Ha3hlBalOT peaKTI,JBHOCThlO P, 

3TOro H30T011a) 3JleMettTapHO BbTpa)KaJOTC.ll 

'-Iepe3 K03cpqJHI.{HeHTbl t.JYBCTBl1TeJibHOCTl1 K 

rrapuHanbHblM cetJeHH.llM 3Toro 1130TOIJa: 



P, = L (s::, + s:;~ + s::~ + s:,:~), (6) 

r.ue cyMMMpoBamrn pacnpoc-rpamreTc,i: Ha Bee 

MYJJbTHrpynm,I (MH.UeKC MYJJbTHrpynm,r ycno­

BHJlHCb .UJJH KpaTK0CTM onycKaTb). 

TipH HCIT0JJb30B3IDIM Bblpa)KeHHH (6), K0-

He'-UI0, H)l)KH0 HMeTb B BH.UY, t.JT0 K03cpqnn.{H­

eHTbl t.JYBCTBMTefilHOCTH K K0HL(eH-rpau1-rnM M 

peaKTHBH0CTM H30T0IT0B t.JaCT0 paCCM3TJ)HBa­

lOT )lJlj{ 0T,UeJlbHbIX 0,UH0p0,UHbIX MaTepMaJJb­

HbIX o6nacTeH pact.JeTHOH Mo,ueJIH, a ue ,un,i: 

BCeH CHCTeMbI B ueJI0M. B 3T0M cnyqae H K0-

3cpq>HUHeHThl t.JYBCTBHTeJlhH0CTH B (6) .U0JDK­

Hhl Bblt.JHCJij{TbCj{ nocpe.ucTB0M HHTerpHpOBa­

HHH TOJlbK0 B rrpe.uenax yKa33HHhlX o6JiacTeM. 

2. BblqHcJieuue KOJcful>HQHeHTOB 

qyecTBHTeJibHOCTH "ceqenHe-ceqeHHe" 

.IJ;n,i: BbftIHCJJeHHj{ K03<p<pHI.{MeHTOB t.JYBCT­

BMTeJlbH0CTH .uanaoro THna npe,UJJ0)KeH0 He­

CK0JlbK0 MeT0.U0B, np116JIH)KeHHbIX (HarrpH­

Mep, C HCilOJTh30B3HHeM Il0HRTHj{ .ueJ1bTa-pac­

ce11BaTeJ1j{ [23]) H T0t.J.HbIX (HanpHMep, C npH­

MeHeHMeM BCil0M0raTeJihHb[X 0.UH0MepHbIX 

pact.JeTOB B np116J1H)Kemrn CBepXY3KMX rpynrr 

[20]). 3.uecb paCCM0TpMM eme 0.UMH no.uxo.u, 

t.Jpe3Bbit.JaHHO y.uo6HhIH M 3cpcpeKTHBHhIH. Pe'Ih 

11,ueT 06 MCIT0J1h30B3HMM no.urpynnoBbIX napa­

Me-rpoB [24, 25]. ,l],aHHbJe Bemrt.J.MHbl, Hap,i:,uy 

co 3Hat.JeHMRM11 cet.JeHMH npw 6eCKOHe1Il-!OM 

pa36aBJJeHMM H <paKTOpaMM pe30H3HCHOH ca­

M03Kp3HHp0BKH, co.uep)KaTCj{ B yn0MHHaB­

llleifc,i: Bhlllle poccwwcKoH cMcTeMe MYJJbTM­

rpynnoBhIX K0HCTaHT EHAE. 3TH aenwrnHhI B 

oco6o CJJ0)K}{bIX cnyqa,i:x rrp11MeH,i:IOTc,i: npM 

pactJeTe nepettoca Heif:-rpoHOB. 

Y.uo6CTBO MCIIOJih30B3HHj{ no.urpynnoB0-

ro npH6J1M)KeH11,i: npM pact.JeTe nepettoca HeHT­

poH0B 33KJ110t.JaeTCj{ B TOM, t.JTO cpopMaJIM3M 

MYJJbTHrpynn 3,UeCb He HapyrnaeTCj{, a 3H31:JMT 

MYJJhTMrpynnoBbie TpaHcnopTHbJe KO.Ubl M0-

ryr 6bITh rrpHMeHeHhI 6e3 KaKHX 6bI TO ID[ 6hI­

J10 MO.UM<pHK3UI-rn. O,uHOBpeMeHHO C 3THM 

T0t.JH0CTh no.urpynnoBbIX paclJeTOB BO MH0fHX 

CJJYt.JMX M0)KeT 6hJTh cpaBHHMOH c T0t.JH0-

CTblO M0,UeJJHp0BaHHH Ha 0CH0Be HenpepbIB­

H0ro cJJe)KeHHH 3a 3HeprneH tteif-rpottoB (Kcrn­

TH, HCIT0J1b3yeMhJe B T3KHX npeUH3H0HHhlX 

M0HTe-KapnoBCKRX Ko.uax, KaK MCNP, Bepo­

HTH0CTHhie Ta6JJHUhI [6] .UJIH MO,UeJJHp0BaHIDI. 

nepeHoca tteif-rpottoB B 06nacn1 ttepa3perueH­

HhIX pe30H3HCOB npe.UCTaBJlj{IOT co6oi-i He '-ITO 

.11H0e, KaK MO.UHQJMK3UJIIO MeTo.ua no.urpynn). 

He.uocTaTKH np11MeHeHMR MeT0,Ua rro.u­

rpynn rrpH Mo.uenHpoaamrn nepettoca tteii-rpo­

H0B CBj{33HbI C TeM, lJT0 1) cyMMapHoe t.JHCJJ0 

no.n.rpynn M0)KeT 6hITh 0t.JeHb 60J1hllIHM (no­

p,i:,uKa TbICj{l{ H .ua)Ke .uecRTK0B TbICWI); 2) a 

)J,3HH0M cnyqae BO BCeH 06J1aCTH 3HeprI-rn ( a 

He T0JlhK0 B o6JiaCTH TepMaJJM33UHH) Ma-rpwua 

pacce,i:HMR M0)KeT 6hITb n0JJHOH. CooTBeTCT­

ae1rno, rrpM HCil0J1b30B3HHH ,ueTepMMHHCTWie­

CKHX MeTO,U0B Moryr aa6JJIO.U3ThCH npo6JJeMbI 

co CX0.UHM0CThlO Ct.JeTa. IlpH rrpHMeHeHHH )Ke 

Mern.ua MoHTe-Kapno, oco6eHHO rrpH pac"lJeTe 

rrp0H3B0,UHhIX H t.JYBCTBHTeJibHOCTeH, .ua H J1I0-

6bIX .upyrHx .UOCTaT0t.JH0 J10KaJJH30B3HHbIX B 

<pa30BOM o6oeMe CHCTeMbI <pyttKUHOHaJJOB, 

M0ryr H.MeTb MeCTO rrpo6neMbI co 3H3'-IBTeJib­

HbIMH H Me,UJieHH0 y6b!B3IOIUHMH CTaTHCTM"lJe­

CKHMH rrorpeIIIH0CTHMH. 

O,uHaKO, KaK )')Ke OTMelJaJJ0Cb Bbillle, 

3,UeCb Mhl Ct.JHTaeM, t.JT0 caM HeH-rpOHHO-qJH3H­

qecKHH pact.JeT IIp0B0.UHTCj{ B paMKax MYJihTH­

rpynrroBoro rrpH6JIH)Kemrn. KpoMe Toro, no 

KpaiiHeH Mepe B )J,3HHOH pa6oTe, Il0JJaraeM, 

t.JT0 npH6JIM)KeHHe np0Tj{)KeHHbIX 30H npH 

pact.JeTe 6JJOKHp0BaHHhlX K0HCT3HT HBJij{eTCj{ 

onpaa,uaHHbIM. IIo.urpyrrrroBhie )Ke aapaMe-rphI 

HCilOJih3yeM J1Hllib Ha CT3.UHH ITOCT06pa6onrn 

pe3yJihT3T0B MYJihTHrpynnoBbIX pact.JeT0B. 

11MeHHO OHM H)')l<Hhl JlMIIJb ,UJJR Bblt.JHCJJeHlrn 

BBe.[leHHbTX BbIIIJe K034)4)HUHeHTOB s::;' qya­

CTBMTeJlbH0CTH " cet.JeHMe-ce'-1eH11e". 

MeTO.U Bblt.JHCJleHJrn 3THX BeJJHt.JHH 0CH0-

B3H Ha ttenocpe,ucTBeHHoM npHMeHemrn H3Be­

CTHoro C00THOIIIeHMj{, CBH3blB3IOIUer o rro.u­

rpynnoBbie rrapaMe-rpbI, C00TBeTCTBYJOIUI-le 

.uaHHO.H MYJlhTHrpynne H .U3HH0MY THilY Cet.Je­

HHH, co 3HalJeHHeM 6JJOKHp0B3HHOro cet.J:eHHj{ . 

3TO C00TH0llleHHe HMeeT TaKOH BM.LI [25]: 

0 m.; = fm } aa)a:.J= [r a;:,., ]/r /~ ,(7) 
k a,.1 O o k a,_,+ G o 

r.ue k - H0Mep rro.urpynnhI .UJIH ,uaHHOH MYJ1b­

THrpynnh1; cr:.J - no.urpynnoBbJe K0HCT3HTbl 

.um1 cet.J:eHHH TMna m ; a~ - JJ.OJJH no.urpynnhI 
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k' T.e. sepO.SITHOCTb Toro, qTO HeifrpoH, IIO­
naBUJHH s ;::i;attH)'IO rpynrry, nona;::i;eT B no;::i;­
rpynrry k' KOTOpa.si: xapaKTepmyeTC.SI IIOCTO­
.SIHCTBOM TIOJlHOfO ceqeHIDI [25]. 

11TaK, He06XOJJ;HMO orrpe;::i;eJJHTb sem1qHHY 
o do 

S OM,) = __!::!__!!!L • (8) 
(111 I ~ . om.J oo,,_, 

TaK KaK om.J =om.J (oo,, ), TO 

SoM, =~do, , dom J (9) 
0

• • d d . o.,_, o,,_, Oo oo~ou., 

J,13 (1) cne;::i;yer, qTO BTOpOH COMHO)KHTem, 

s (9) paseH do0_)do,,_, =r,/r1 . TpeTHH )Ke co-

MHO)KHTeJJh B (9) MO)KeT 6b1Tb Bbipa)KeH qepe3 
no;::i;rpyrrnosb1e napaMeTphI. ,Un.si: :noro npo­
;::i;mpcpepeHUHpyeM (7) rro napaMeTpy 00 : 

do.,_1 =(L a; L a~o!,.1 _ L a; L a; o~.J )/[L a; l 2 
do0 k (o;,1 +O0) 2 

k ot1 +O0 * o;,1+O0 • (0;_1+00)
2 

• 0;_1 +00 

CJTeJJ;OBaTeJlhHO, OKOH1.JaTefilHO HMeeM 

8 0 __ 1 = y10,,,1 (L a; L a;o!,.1 L a; L a;o:.1 )/[L a; l 2 (lO) 
a •. , "f10m,1 k (0~.J +oo.)2 k 0;.J +O0.J k 0;,J +Oo.J k (o;.J +oo)2 k 0;,J +oO,J 

,UaHHoe cooTHollleHHe BMeCTe c oTHOille- CONSYST [ 16] c Hcnonh30BaHHeM ;::i;aHHhIX 
tttteM (5) 06ecne1msaeT perneHHe rrocTasneH- HaH6onee cospeMeHHOH sepc:ttH c11cTeMhI 
HOH 3a;::i;a'IH o pacqeTe ;::i;ononHHTeJJhHhlX He.SIB- .6HA.6 MYfilTHrpyrrnoBhIX KOHCTaHT. PacqeThI 
HblX COCTaBJl.SIIOllIHX K03cpcp:ttutt.eHTOB qyscT- .SIBHblX COCTaBJl.SIIOllIHX K03cpqrnmreHTOB qys-
BttTeJlhHOCTH JJ;Jl.SI cnyqa.si:, Koma npH 110;::i;ro- CTBHTeJlbHOCTH 3cpcpeKTHBHOro K03Q}<ptt.UtteH-
TOBKe 6noKHpOBaHHhlX KOHCTaHT c JJ;OCTaToq- rn pa3MHO)KeHH.SI rrpOBOJJ;HJlHCb Ha OCHOBe Teo-
HOH TQqHOCTbIO MO)KHO nOJlb30BaThC.SI nptt- pIDi B03MynieHHH 1-ro nop.si:;::i;Ka no nporpaM-
6m1)KeHHeM nporn)KeHHhIX 30H. Me KEFSFSPH [28] tt. cooTBeTCTB)'IOllIHX 

MOJJ;ynett pacqeTHOfO KOMIIJleKca KAPHA-
3. qHCJieHHble npHMepbl BAJI [23]. 

PaccMorpeHbI JJ;Be TeCTOBbie MOJJ;em1, 
npe;::i;cTaBJJ.SIIOII.ll1e co6oi1: ccpephI 113 Q)Top11;::i;a 
ypatta UF 4 o6oramettHeM ~ 2 H 50 %, o;::i;Ho­
po;::i;tto pa3MellJaHHOfO B napacptt.HOBOM 3aMeJJ;­
JlHTene [19, 26]. PaJJ;HYCbl ccpep paBHbI 36 11 
18,2 CM, COOTBeTCTBeHHO. ATOMHbie IlJlOTHOC­
TH rrpIrne;::i;eHhI B Ta6n. 1. O6e Mo;::i;entt. .S1BJ1.S1-
IOTC.S1 nptt.6JlH3tt.TeJlbHO KpHTWieCKHMH. 

Ta 6 JI H u a 1. ATOMHble fUlOTHOCTH, 1024 
CM-

3 

H3oTon Mo.uenb I Mo.uenb 2 

mu 1.3303£-04 3.2850E-03 
23su 6.4370E-03 3.2850E-03 

H 3.9097£-02 3.9097E-02 

C I .8797E-02 1.8797£-02 

F 2.6280E-02 2.6280£-02 

Pac'leThI nepeHOCa Hel-f.TpOHOB MeTO,UOM 
JJ;HCKpeTHhIX opmrnaT npoBO,UHJlHCb no npor­
paMMe ONEDANT [27) B nptt.6m1)Kemrn 299 
MYJJhTttrpynn. AHtt.3orpomrn pacce.SIHH.SI orrn­
Chrnanacb B P5-nptt.6JTH.)KeHHH, aHH30TpOIIH.SI 
IIOTOKa - B Swrrp116nm1<emm. 6nOKHpOBaH­
Hbie KOHCTaHTbl BbPJHCJUIJJHCb no rrporpaMMe 
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PacqeThI JJ;OIIOJlHHTeJThHblX HeHBHblX co­

CTaBJl.SllOllIHX K03q>Q)tt.Utt.eHTOB qysCTBHTeJlb­

HOCTH npoBOJJ;HJTHCb no OIIHC3HHOH B n . 2 Me­

TOJJ;tt.Ke C npttMeHeHHeM no.n.rpyrrnOBbIX napa­

MeTpOB 
235U H 

238U H3 fo16JTHOTeKH oHA.6. 
PacqeThl rrpOBO)lHJTH.Cb C IIOMOlllblO cneuHaJib­

HO COCTaBJTeHHOfO pacqeTHOfO MO.UYJTH. 

,UJT.S1 KOHrpom1. H TecrnposattmI pe3ym,rn­
TOB pacqeTa no TeopHH B03MynieHHH BbITIOJl­

H.SIJTHCb npHMbie nepecqeThI, B KOTOpbIX qyscT­

BHTeJThHOCTb K KOHUeHrpaUHH BOJJ.Opo.ua oue­

HHBaJI3Cb, HCXO}].H H3 pa3HOCTH BO3MyrueHHO­

fO H HCXOJJ;HOfO 3Ha'-leHHH 3cpQ}eKTHBHOf0 KO-

3Q)Q)HUHeHTa pa3MHO)KeHH.SI. I1p11qeM Hap.SIJJ.Y C 

np.si:MhIMtt nepec'-leTaMH no nporpaMMe ONE­
DANT B 6a30BOM 299-rpyrrnosoM rrp116JTtt.)Ke­
HHH, TaK.Me pac'-leThl BblIIOJTHeHbI T3K)Ke C no­

MOlllhlO nporpaMMhI MCNP5 [6] c tterrpe­
pbIBHhIM CJTe)KeHJ.ieM 3a 3Heprndi HeHTpOHOB 

(CE). Pe3yJThTaThI scex 3THX nposepo'IBhIX 
pacqeToB np11se;::i;eHhI B Ta6n. 2. 

,[(aHHb!e Ta6JJ. 2 IIO}].TBep)KJJ.aIOT pa6oTO­
cnoco6HOCTb rrpe,uJTO)KeHHOH MeTOJJ;HKH oueH­
KH HeHBHhIX COCTaBJl.SllOllIHX K03$Q}HUHeHTOB 

qyscTBHTeJThHOCTtt. B11.n.Ho, qro .D.JJH nepsoi1: 



Ta 6 JI " ._. a 2. Yyscrn11TenbHOCTb k-y.J, K K0HUeHTpauH11 B0.ll.0po.na 

Mo.ll.ellb I (2 % 235U) 

Teop11si B03MyLUeH11H TTpsiMOH pac4eT 

51BH. I HesiBH. (crr,um) I HesiBH. (crc.um) I HesiBH. (cr,,um) 5isH.+ HesiBH. ONEDANT l MCNPS 

l 0,233 ± 0,004 0,210 I I .8E-04 I - l.6E-04 I - 0,032 0,237 0,236 

Mo)J.enb 2 (50 % J'U) 

Teop11si B03MyLUeH11H (299 rpynn) ITpsiMOH pac4eT 

o,464 I 0,008 I -0,01 I l - 0,0 13 0,448 0,447 I 0,45 I ± 0,005 

Op11Me4aH11e: B CK06Kax YKa38Hbl 1130T0n 11 peaKU11SI, 38 C4eT K0T0pblX n0SIBJlSleTCSI HeSIBHaSI C0CTaBJlSIIOl.llaSI B 
peaKTHBH0CTl1 80.ll.0P0.ll.a, Hanp11Mep, " HeSIBH. (crc,U238)'' 03Ha4aeT .no6aBKY B peaKTl1BH0CTb B0,nopo.ll.a, CBH38H­

HYIO c s3a11Mo3as11c11M0CTbIO ce4eH11H B0.ll.0P0.ll.a 11 3axsaTa ypaHa-238 

pacqeTHOH Mo,uenn yqeT mmih 51BHOH cocTaB­

n51101ueii peaKTHBHOCTH B0,llOpo,lla npHBO,llHT K 

3aBbIIllemno 3TOH BenHqlfHbl Ha 14 %, B TO 

BpeM51 KaK ,lln51 BTOpOH pacqeTHOH Mo,uemr 

3TOT 3cpcpeKT COCTaBJUieT 4 %. 
Pe3ynhTaThl pacqeTa peaKTHBHOCTH B0-

,llOpo,ua TIO TeopHH B03MY1UeHHH rrocne BBe­

,lleHH51 K HHM rrorrpaBOK rrpaKTHqecKH cosna­

,llaFOT C pe3ynhTaTaMH rrp51MbIX pacqeTOB KaK B 

299-rpyrrrrosoM rrp116na)Kemm, TaK H c yqe­

TOM cTaTHCTHqecKHX norpenrnocTeii no rrpo­

rpaMMe MCNP5. 
IlOH51THO, qTo B o6oHX cnyqMX HeHBHbJe 

COCTaBlliUOlUHe B peaKTHBHOCTH so.nopo,lla 

B03HHKaFOT 3a cqeT ceqemrn yrrpyroro pacce51-

HH51, TaK KaK ceqeHne 3axsarn cyiuecTBeHHO 

IlHllih B OKOflOTennoBOH 06nacn1, a ,upyrHx 

rrpoa:eccos Ha BO,llopo,lle HeT. Ha p1-1c. 1 H 2 

0,25 ~----------------------~ 

0,2 

s 
~ ~ g fJ- 0,15 
J: ,_ 
..a ., 
c:; c:; 

~ ~ 0,1 
s s 

tl ~ 
~ :ff 005 

:J'" ro I 
J: 

5eJ Y'ieTa HeABHblX 

COCTaBJ1AIQl41,1)( 

- C Y'ieTOM HeABHblX 

COCTaBJ1A10l41,1)( 

o-l-.L~~~:::_~~~~:=::::;::~~:..-=-,-__:~ 
1 02 1 E-01 1 E+OO 1 E+01 1 E+D2 1 E+03 1 E+04 1 E+D5 1 E+06 1 E 07 

- D,05 _,__ ______________ ________ __, 

3Hepn,1A, 38 

P11c. I. 3Heprernt.JeCKl1H npoqrnnb 4YBCTBl1TenbH0CTH k-y.J, K ce4eH1110 paccesiH11S1 B0.ll.0PO.ll.a .nnsi l-11 pac4eT­

HOH M0)J.eJ111 (2 % 235U) 

s 
..a s ,_ ~ 
u C. 
o ro 
J: ,_ 
..a ., 
c:; c:; 
., >, ,_ ::r 
s s 
(D J: 

ti ~ 
~ ., 
::r ro 

J: 

0,12 

5e3 Y'ieTa HeABHblX 

0,1 COCTaB.nAIOl41,1)( 

- C Y'ieTOM HeABHblX 

0,08 COCT8BJ1AIOl4i,1X 

0,06 

0,04 

0,02 

0 +-----.~::,,._-4-__ ~+--J!!'.:'.,---=---,-------,-----.----.---~ 

1. 02 1 E-01 1 E+OO 1.E+01 1 E+02 1 E+03 1.E+04 1 .E+05 1.E+06 1 E 07 

- 0,02 
3Hep11,1A, 38 

P11c. 2. 3HepreTH4eCKl1H npocp11nb t.JYBCTBl1TeJ1bH0CTl1 k-y.J, K ceYeHHIO paccesiH11S1 B0.ll.0po.na .nnsi 2-11 pac4eT­

HOH M0)J.eJ111 (50 % 2350) 
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np1rne,ueHhI 3Heprent'-leCKHe npoqnurn '-lyBCT­

BHTeJihHOCTH 3<p<peKTHBHOro K03<p<pIH.{HeHTa 

pa3MHO)l(eHIDl K ceqemuo ynpyroro pacceH­

HHli BO.UOpo.ua, IlOJiyt-IeHHhie 6e3 yqeTa H C 

yqeTOM HeliBHhlX COCTaBJilil-OlUHX. 

3aKJI10l.fe1-111e 

Ilpe,UJIO)l(eHa npOCTali, HO 3<p<peKTHBHa.51 

MeTO)].I1Ka oueHKH HeliBHhfX COCTaBJifilOll.{HX 

K03cpcpm.u1eHTOB '-lyBCTBHTeJihHOCTeH, peaK­

THBHOCTeH H mo6hrx. apyrHx BeJIH'-IHH, Bhlpa­

)l(al-O[IlHXCli qepe3 npOH3B0.UHhle OT HeKOTOpOH. 

<pHJHqecKOH BeJIH'-IHHhl no HeHrpOHHhIM KOHC­

TaHTaM H KOHUeHrpaUIDIM H30TOilOB. C HX 

yqeTOM ]l0JI)l(Hhl KOppeKTHpoBaThCli pe3yJihTa­

ThI pacqeTa ,uaHHhIX BeJIH'-IHH, nonyqeHHhJe C 

IlOMOIUbIO TeopHH B03MYJUeHH.H HJIH c□eUH­

aJihHhIX MOHTe-KapJIOBCKH.X MeTO.UOB oueHKH 

np0113B0]lHhIX B paMKax MYJihTHrpynnoBoro 

npH6JIH.)l(eIDili. PaccMOTpeHa 3a}la'-la, Kor.ua 

npH IIO,[{rOTOBKe MYJibTHrpynnOBbIX KOHCTaHT 

MO)l(HO orpaHH'-IHTbCli np116nmKeHHeM npOTH­

)l(eHHhIX JOH. Cnyqai1, Koraa cpeaa o6na.uae-r 

MHKpOCKOilH'-IeCKOH reTeporeHHOCTbIO, 6y.ueT 

paccMorpeH B cneayIOmeii pa6oTe. 

YKa3aHHe Ha paccMorpeHHyIO 3]leCh MeTo­

]lHKY yqeTa HeliBHbfX COCTaBJI.51I01UHX K03<p!pH­

UHeHTOB '-lyBCTBHTeJihHOCTH H .upyrHx aHaJIO­

rHlfiil,IX Berrwnrn ,uaHo erue B pa6oTe [29). Ho 

TaM He 6bIJIO o60CHOBaHHli pa6oTocaoco6HOC­

TH ,uaHHOH MeTO.UHKH (TaKOe 060CHOBam1e 

TaM BhI□OJIHeHO JIHIIlb .UJili ynOMHHaBllleikli: 

Bblllle npH6JIH.)l(eHHOH MeTO)].HKH, OCHOBaHHOH 

Ha IlOHliTHH ,ueJibTa-pacceH.BaTeJI.51). KpoMe To­

ro, OHa HHr.ue .UOJI)l(HhIM o6pa30M He ony6nH­

KOBaHa. )],aHHali: pa6oTa BOCilOJIHlieT 3TOT npo-

6en. 
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CTaTHCTHqecKaH BepmlrnKau,uH ueii:Tpm-1Ho-<l>H3HqecKux nporpaMM, 

npe,nHa3HaqeffHLIX AJlH pacqeTOB B OOOCHOBaHHe H,nepHOH 6e3onaCHOCTH 

B.B. Te6u11, 
HMIJ, "Kyp•rnTOBCKHM HHCTHTyr", 123182, MoCKBa, IlJJ. KyptiaTOBa, 1 

IlocTyn1rna B pe,naKl..l,Hl-031.08.2010 r. 

flpeJ1.CTaBJ1eH aJ1rop11TM CTaTHCTH\.JeCKOH sep11cj)1-1Kau1111 nporpaMMbl XT26, BXOJI.Slll.leH B KOMnneKc CATI­
<DHP-2OO6. Tip1rneJ1.eHbl pe3yllbTaTbl KOHcepsaTHBHOH ouemrn norpeWHOCTH nporpaMMbl np11 pacYeTe Kl<!> 
)J.JlSI pa3lll14HblX THnOB 6eH4MapK 3KCnep11MeHTOB. Pe3yJlbTaTbl CTaTHCTH4eCKOH o6pa60TKl1 OTKJlOHeHHH OT 
3KCnep11MeHTaJlbHblX 31-!a4eHHH cpaBHHBafOTCSI C COOTBeTCTBYIOll.lHMH napaMeTpaMH, nOJl)'\.JeHHblMH npH o6-
pa6oTKe COBOKynHOCTH pac4eTOB no JI.PYrHM nporpaMMaM. 

Kri10'leebie cJ1oaa: KpHTH4eCKHH 3Kcnep11MeHT, MeTO,n Mo1-1Te-Kapno, 3cpcpeKTHBHblH Kmcj)cjrnuHeHT pa3-
MHO)KeHHJI, CTaTHCTH4eCKaSI Bep11cj)11KaUllil, HOpMaJlbHOe pacnpe)J.eJleHHe. 

Statistical Verification of the Neutron-Physical Programs for Calculations in Support of Nuclear 
Safety. V. V. Tebin, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182. 

An algorithm for statistical verification of the XT26 code, part of the SAPHIRE-2OO6 code system, is 
described. The results of the conservative estimates of the calculation error in the Kerr calculations are given 
for different types of benchmark experiments. The results of statistical analysis of deviations from the 
experimental values are compared with the corresponding parameters obtained on the set of calculations 
performed through other codes. 

Key Words: Critical Experiment, Monte Carlo Method, Keff, Statistical Verification, Normal Distribution. 

BeeJJ,enHe 

Ha COBpeMeHHOM :narre pa3BHTIUI H,llep­

HOM :meprenurn:, xapaKTepH3)'1-0ll{eMC~ IlOBhl-

1llem1eM o6oramemrn HCil0JJh3yeMoro T0ilJJH­

Ba n yBemrqeHHeM rny6Jlli1,I BhrropaHHH T0il­

JJHBHhIX 3arpY30K, IlOBhilllalOTCH Tpe6oBaHHH 

K o6ocHOBaHHIO H)lepHOH 6e30ilaCHOCTIL Pac­

IllHpHeTCH Kpyr BOIIpOCOB, OTBeTbl Ha KOTO­

pbie Heo6XO.D,HMO Il0JJytiaTb nyreM npose.D,e­

HIUI MaTeMaTH"-!eCKOro MO.D,eJJHpOBaHHH pa3-

JJJ1qHbTX KOHqrnrypaU.HH H.D,epttoro T0nmrna He 

TOJJhKO B C0CTaBe peaKTOpHbIX ycTaHOBOK, HO 

H B cpe.D,CTBax TpaHcnopTHpOBKH H xpaHeHHH 

TOilJJHBa. IIpH 3T0M Heo6xo,nHMO paccMaTpH­

BaTb He TOJlhKO IllTaTHhle CHTyau.1111, HO H pa3-

Hoo6pa3Hh[H Ha6op KOHcjnrrypaUHH, K0T0pbie 

Moryr B03HHKaTb KaK B npoeKTHhIX asapIDIX, 

TaK H B MaJJOBepmlTHbIX TIDKeJlblX (3anpoeKT­

HhIX) asapHHX, CBH3aHHhlX C pa3pyrneHHeM H 

.n;a)l(e pacnnasnem1eM T0ITJJHBa H K0HCT­

PYKUHH. 

B CBH3H C 3THM ITOBhJillal-OTCH Tpe6osaHHH 

K nporpaMMHhlM cpe.D,CTBaM (TIC), M0.D,eJ1Hpy­

l-Olll.HM HeHTpOHHO-qJH3HlJeCKHe npou.eCCbl. 

MeTO,llHlJeCKaH norpernHOCTb pac'-!eTa 3cpcpeK-
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THBHOro K03cpcp111..1,11eHTa pa3MHO)l(eH~ HeHT­

poHOB (KJ<ji) B pa3JJH'IHhIX CHCTeMaX CJlj')KifT 

0.[{HHM H3 Ba)l(HeHIIIHX cpaKTOpOB, orrpe.ne~­

lllHX coBeprneHCTB0 ITC. Tpe6osatt11e pacqeTa 

K 3<1i c MHHHMaJJhHOH MeTo.n;11qecKOH norpern­

H0CTbIO sm~eTCH 0'IeBH.D,HblM H onpe.[{emi:eT 

KaK 3KOHOMH'IeCKyIO 3cpcpeKTHBHOCTb CifCTeM, 

TaK 11 HX .ir.n;epHyIO 6e30IIaCHOCTh. 

HanpHMep, BMeCTHM0CTb cpe,ncTB o6pa­

IIIeHl1H C H.D,epHbIM TOIIJJHBOM, pa3pa60TaHHhIX 

C npHMeHeHHeM ITC C 60JiblllOH MeT0,ll;If'IeC­

KOH norpelllH0CTblO, 6y.[{eT 3aHl1)1(eHa. IlpH 

TI0BbJllleHHH o6orameHIDI TOnmrna s BB3P .D,0 

5 % HCil0JJb30BaHHe TIC C MHHH.MaJJbHOH no­

rperuHOCTblO Heo6XO.D,HMO .D,JlH o60CHOBaHml 

6e3onaCHOCTl1 cpe.D,CTB o6paw,eHHH C T0TIJJH­

BOM, pa3pa60TaHHbIX paHee 11 rrpe.n;Ha3HaqaB­

IllliXCH HCX0.[{H0 .n;rn1 o6pameHH& C T0ilJJHB0M 

4,4% 
Onpe,n;eJJeHHe MeTo.D,tt'IeCKOH norpellllioc­

TH ITC np11 pacqeTe K 3<1i npoB0.[{HTCH Tpa.[{HUH-

0HHO Ha 0CH0Be pacqeTa KpHTH'IeCKHX 6eH'I­

MapK 3KCnepHMeHTOB. ITepBbie pacqeThI TpeX­

MepHhIX IIOJ1HOMaCI11Ta6HbIX MO,lleJieH KpHTH­

'-leCKHX JKcnep11MeHT0B MeT0,ll0M MoHTe-Kap-

110 ,ll;Jl& paCTB0pHhIX c6opoK H CHCTeM C 6bTCT-



pbIM crreKTpOM HeihpOHOB BbIIIOJIHHJIHCb ew.e 

B 60-e fO,llhl. 

Pac'leT rpexMepHhIX reTeporeHHhIX c6o­

poK c TerrnoshIM crreKTPOM tteHTPOHOB Ha 3a­

na.ue Ha'laJJH npoBO,lll1Th s 70-e rO,llb] [l]. B 
Pocctt11 Mo.ne1111posaH11e 3Kcnep11MeHTOB E. 
XenncTPaH.na no H3Mepemno pe3oHaHcttoro 

HHTerpana B reTeporeHHOH cpe.ue rrpose.netto 

Ha 3BM E3CM-6 B KOHUe 70-x ro.nos [2]. 

B 80-e fO.llbl TPeXMepHbie pacqeTbl MeTO­

,ll0M MottTe-Kapno MO.llCJICH KpHTHYeCKHX 

3KCrrepHMeHTOB C nerKOBO,llHhIMH peweTKaMH 

BhlIIOJIHHJIHCh 3a py6e)KOM H B PocCHJ,f ~e ce­

pHHHO. Hat.JHHaH c cepe,llHHhl 70-x fO.llOB, 

rrpe.nnpHHHMaJJHCh IlOIThITKl1 CTaH,llapTH3aUHI-1 

HMeIOw.e:i1:CH Ha TOT MOMeHT 3KCrrepHMeHTaJib­

HOH 11H<pOpMaUHH, HarrpHMep [3]. 

O.nttaKo .no cepe.UHHhI 90-x ro.uos TPY.UHO 

6bIJIO c.uenaTh O,UH03Hat.JHbIH BhIBO.U O peanb­

HOH MeTO,UH'leCKOH rrorpellIHOCTH pacqeTa 

KpHTH'leCKHX c6opoK MeTO,UOM MoHTe-Kapno 

Ha OCHOBe oueHeHHbIX H,UepHbIX .uaHHhIX BBH­

.uy HepaBH03Ha'lHOCTH OITHCaHHH MO,UeJieH 

3KCrrepHMeHTOB H He,UOCTaTO'lHOfO lJHCJia pac­

qeTOB. )];onOJIHHTeJibHyIO Heorrpe.ueneHHOCTh 

BHOCHJIO 60JibllIOe qHCJIO pact.JeTOB O)lHO- H 

.UBYMepHbIX MO,UeJieH s npH6JIH)KeHHH 6aK­

JIHHra. 

C yqeTOM asapHMHhIX CHTyaUHH HeB03-

MO)KH0 sepH<pRUHpOBaTb ITC Ha OCHOBe pac­

'leTa HeCKOJlbKHX THIJHqHbIX IJJTaTHhIX KOH<pH­

rypauaif TOIJJIHBa Jlilll paccMaTPHBaeMoro TH­

rra peaKTOpa. Heo6XO)].HMO sepHcpHUHpOBaTh 

rrporpaMMY BHe 3aBHCHMOCTH OT ee opHeHTa­

URH Ha KOHKpeTHhIH THIT peaKTOpa rryreM MO­

.n.enHpoBaHHH KpHTHt.JeCKJ,lX 3KCnepHMeHTOB C 

pa31IHt.JHhIM crreKTPOM HeHTPOHOB OT TeIJJioso­

ro .llO 6bICTPOfO, pa3HOH reoMeTpHeH, BKJilO­

qaH roMoreHHbie CMeCH, pa31IHlJHblM COCTaBOM 

1-1 o6oraw.eHHeM TOJIJIHBa. 

ITpH 6oJII,IIIOM MHoroo6pa3HH paccMaTPH­

saeMhlX CHCTeM )].JIH KOppeKTHOfO orrpe.n.ene­

HHH MeTO.llHqecKOM norpeIIIHOCTH nporpaMMhl 

TPe6yeTCJI npHMeHeHHe CTaTHCTH'leCKHX IlO.ll­

XO.llOB, ITO.ll KOTOpbJMH 3,1].eCb IlOHHMaeTCH He 

TOJihKO onpe)leJieHHe cpe.n.HeKBa.n.paTH'leCKOfO 

OTKJIOHeHHJI pacqeTa H 3KCnepHMeHTa, HO H 

KpHTepHeB oueHKH ,1].0CTaTOt{HOH IlOJIHOThl Ha-

6opa 3KCrrepHMeHTOB H pacqeTHOH BbI60pKH, 

onpe)leJieHHH HOpMaJJbHOCTH pacnpe.n.eneHl1R 

OTKJIOHeHHH, Kp11Tep11eB 3a)].aHHR norpeIIIHOC­

TH '-lepe3 ,l{HcnepcHIO pacnpe.n.en emui OTKJIO­

HeHHM HJIH cpe.n.HeKBa.n.paTH'leCKOe OTKJIOHe­

H.He H T.n. 

B paMKaX Me)K)].yttapO.llHOH KOOrrepauHH, 

Ha'IHIJa.ll c 1995 r., cpopMHpyeTCH Me)K,1].ytta­

pO.lll-lblM c6opHHK oueHeHHbIX KpHTH'-leCKHX 

6eHlJMapK 3KCnepHMeHTOB [ 4 ], npe,1].Ha3Ha~eH­

HbIM )]..'UI CTaTHCTHt{eCKOH Bep11cpHKau1rn HeHT­

poHHO-cpH3Ht.JeCKHX nporpaMM. Ha ceHTH6pb 

2009 r. s c6opmrne ormcaHbI ~ 4 300 6ettq­

MapK MO)].eJieH 3KCnepHMeHTOB IJO onpe.n.ene­

HlUO K3qi, a TaK)Ke np1rne.n.eHhI ~ 16 000 pe-

3y111,rnT0B pact.JeTa K 3<ji no pa3HhIM nporpaM­

MaM Ha OCHOBe pa3JIH'llihIX 6H6mrnTeK oue­

HeHHbIX H)lepHbIX )laHHhlX. 

ITo,uaBJIHIOW.aR t{aCTh 3THX pacqeTOB BbI­

IIOJIHeHa C 11CTTOJib30BaHHeM MeTo.n.a MOHTe­

Kapno. KpoMe Toro, B Jlpyrax HCTO'lliHKax, 

HarrpHMep [ 5 . . . 7], npHBe.n.eHhI )lOTTOJIHHTeJih­

HO ~ 10 000 pe3ymrnrns pacqern K.~qi )].JI.IT 

3KCnepHMeHTOB H3 c6opmiKa rrpH .llOCTaTO'-IHO 

npe.ucTaBHTeJibHOH BhI60pKe 3KCnepHMeHTOB 

pa3n111rnoro THrra. Ha octtose 3TOH HttcpopMa­

UHH MO)KHO y)Ke oueHHBaTb IIOJIHOTY Ha6opa 

3KCIIepHMeHTOB B [ 4] H BhI6opKH 6eHtJMapK 

MO,UeJieH npH BepH<pHKaUHH KOHKpeTHOH 

nporpaMMhI. 

B HaCTOHW.ei-i pa6oTe s KatJeCTBe npHMepa 

CTaTHCTHlJeCKOH sepIHpHK3UHH OilHCaH anro­

pHTM, npHMeHeHHhIH rrpH BepHcpHKaI{HH npor­

paMMbl XT26, OCHOBaHHOH Ha MeTO.n.e MoHTe­

Kapno, c 6H6JIHOTeKOH pOCCHMCKHX oueHeH­

HhIX H.aepHbIX )laHHhlX 6)]; JIH<l>K-87/03 , BXO­

.llHIUHX s KOMITJieKC nporpaMM H 6H6JIHOTeK 

CAIT<I>MP-2006 [8]. OcHOBHaH septtcpHKaUHH 

nporpaMMbl XT26 rrpoBO)].HilaCb B 2006 r. s 

paMKax aTTeCTaUIHI 3TOH nporpaMMbl .um, pac ­

l!eTOB B 060CHOBam1e H,UepHOH 6e3onaCHOCTH 

tta A3C c BB3P [9]. 

)].JIR HaCT05IIUeH pa60TbI BepH<pHK3UHH 

BbITIOJIHeHa IlOBTOpHO C yqeTOM .llOTTOJIHHTeJib­

HOM HH<pOpMaUHH, HaKOilJieHHOH K Hal.Jany 

20 IO r. 3a 3TO Bpewt '-IHCJIO 3KcnepHMeHTOB B 

[ 4] yseJIH'-lHJIOCb Ha ~ 500, lJHCJI0 3KcnepH­

MeHTOB, paCC'IBTaHHblX IJO nporpaMMe XT2 6 , 

- Ha ~ 400, a o6mee '-IHCJIO pacqeros no .n.py­

rnM nporpaMMaM - npH6JIH3:H:TeJibHO s 2 pa3a. 

3TO .n.aeT B03MO)KH0CTb orrpe.ueJIHTh KOHCep­

BaTHBHOCTb norpeWHOCTeH, IlOJIY4eHHbIX B 
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-----
2006 r., "ITO Ba)KHO .!VUI pac"leTOB B o60CHOBa­

mie 5U{epHOH 6e3onacHocT11. 

K CO)KaJJeHHI-0, 3KCnep11MeHTbJ, OIJHCaH­

Ilbie s [ 4], npOBO.UHJIHCb B OCHOBHOM npH KOM­

HaTHOH TeMnepaType (tte60JibWa.!I qacTb 3KC­

nep11MeHTOB BblnOJIHeHa npH TeMnepaTypax 

.no 520 K). fI03TOMY OCHOBHbie BbIBO.Ubl Hac­

TORIUeH. pa60Tbl OTHOC.!ITC.11 K pacqeTy CHCTeM 

rrpH HH3KOH TeMnepaType. L(nR rrpose.uemrn 

CTaTHCTWieCKOH o6pa6oTKH pe3yJibTaTOB pac­

qeTa COCTO.!IHHH npH TTOBblllleHHOH TeMnepa­

Type Heo6XO.UHMO HMeTb MaTepHaJibl, no.uo6-

HbJe [4], HO c paC"leTHbIMH TeCTaM.M npH BblCO­

KHX TeMnepaTypax. 

1. OcHOBHLle npHHIJ,Hilbl 

CTaTHCTHlfeCKOH eepmt,HKaU,HH 

ITpH o6ocHOBaHlrn .11.uepHOH 6e30IJaCHOCTH 

He06XO.UHMO npu.uep)KJ{BaTbC.11 .usyx OCHOB­

HbIX npHHUHTTOB. Bo-nepBbIX, 3TO npHHUHil 

KOHcepsanrnHOCTH, T.e. H~O o6ecne'lliBaTb 

He3aHH)KeHJ1e pacqeTHhIX 3Haqemi:u. Ha scex 

:naaax TexHonornqecKOH ueno'-IKH pacqern 

KJcf IlO)lrOTOBKa 611.6m10TeK R.UepHblX .uaH­

HbIX, pa3pa6oTKa nc, Bep11cp11KaUID1 ITC H 

6116n110TeK, nocrpoeID:le pac"leTHhIX Mo.neneu. 

R.UepHbIX o6'beKTOB, onpe.ueneHHe .uo6aBOK K 

K <I> 3a cqeT MeTO.UWieCKOH norpewHOCTH ITC 

11 TeXHOJIOrH"leCKHX .uorrycKOB B paccMarp1rna­

eMhIX o6'beKTaX. Bo-BTOpbIX, 06ocHOBaH11e 

5U{epHOH 6e3onaCHOCTH .UOJI)KHO 6hITb oqeBH.U­

HblM, T.e. cne.uyer H36eraTb CJIO)KHbIX .UHCKyc­

CHOHHbIX np11eMOB H MeTO.UOB Ha BCex 3Tanax 

TeXHonor11qecKOH ueno'-IT<H o6ocHoBaHHR 6e3-

onacHocTH. 

KoHcepBaTHBHOCTh 11 oqeBH.UHOCTb He 

.UOJI)KHbl cymeCTBeHHbIM o6pa30M IlOHH)KaTb 

3KOHOMH1ieCKyIO 3cpcpeKTHBHOCTb A3C. ,[(.rrR 

TTOBbIWeHHR 3KOHOM.MqecKOH 3cp<peKTHBHOCTH 

rpe6yeTCR ysemrqHBaTb 06orameH11.e TOTIJIHBa 

.ue./UlIUHMHC.11 H3OTOIJaMH, IlOBbllllaTb BMeCTH­

MOCTb cpe.UCTB o6paIUeHHR c .s1.uepHbIM TOTTJIH­

BOM, peanM3OBbIBaTb TOTTJIHBHbJe 3arpY3KH C 

pacnoJIO)KeHHeM TOilJIHBa, npH KOTOpOM MO­

fYT B03HHKHYTb orpaHHqeHHR no 6e3onacHoc­

TH B TR)KeJibIX 3anpoeKTHbIX asap1u1x. Me)K.lly 

KOHCepBaTHBHOCTblO, oqeBH.UHOCThlO 11 3cp­

cpeKTHBHOCTblO Heo6XO.UHMO npOBO.UHTb OTTTH­

MH3aumo rrpH Bep11cpHI<au1m IlC, rrpe.nHaJHa-

28 

"leHHbIX .UJI.11 pacqeTOB B o60CHOBaHHe .s1.uep­

HOH 6e3onaCHOCTH. 

HanpHMep, KaK 6y.ueT IlOKa3aHO HH)Ke, 

cpe.uHeKBa.upaTH1-IeCKOe OTKJIOHeHHe pe3yJib­

TaTOB pacqeTa no BCeM nporpaMMaM OT oue­

HeHHbIX B [ 4] 3Ha'IeHHH K,cp .UJI.si Bcex 6eHq­

MapK 3KCrrepHMeHTOB COOTBeTcTByeT 0606-

IUeHHOH norpewHOCTH ~ 1 %. Ha OCHOBaHHH 

3TOro MO)KHO paccMaTpHBaTb rHIJOTe3y, 'ITO 

mo6a.s1 coapeMeHHa.H rrporpaMMa, onHpa10IUa­

RC.si Ha IIOCJie.UHHe oueHKH .s1.uepHbIX .uaHHbIX, B 

o6meM cnyqae o6na.uaeT norpeIIIHOCTbIO He 

x~e 1 %. 0.nHaKo 3Ta rnnoTe3a 6y.ueT He­

OtJeBH.UHa, TaK KaK .UJIR OT.UeJibHbIX THilOB 3KC­

nep11MeHTOB o6o6IUeHHa.H rrorpeIIIHOCTb .uoc­

THraeT ~ 2 %, a OT.UeJibHble OTKJIOHeHHR pac­

"leTHbIX 11 3KcrrepHMeHTaJJhHhIX 3HaqeHHH K3<1> 

s [ 4] MOfYT npeBbllliaTb 5 %. 
ECJIH KOHcepBaTHBHO nOJIO)KHTb rrorpew­

HOCTb paBHOH MaKCHMaJJbHOMY OTKJIOHeHHI-0, 

TO rosopHTb 06 3KOHOMH"l.J:eCKOH 3cpcpeKTHBHO­

CTH A3C He HMeeT CMblCJia. L(a)Ke eCJIH npH­

H.siTb norpeIIIHOCTb nporpaMMhI, paBHyIO 1 %, 
.UJIR Bcex pac"leTOB B 06ocH0BaH11e 6e3onacHo­

cnr npH o6pamemrn c TOilJIHBOM, TO .UJIR He­

KOTOpbIX cpe.ucTB o6paIUeHHR c R.UepHblM TOn­

JIHBOM He06XO.UHMO 6y.ueT H3MeHHTb KOHCT­

PYKUHIO B ymep6 3KOHOMHqeCKOH 3cpcpeKTHB­

HOCTH. 

0T6paKOBKa asrnpaMH sepH<pHKaUHH KOH­

KpeTHOro ITC OT.UeJibHhIX 3Kcnep11MeHTOB B 

[ 4] TaK)Ke RBJIReTC.si HeoqeBH.UHOH, TaK KaK Bee 

3KCnepHMeHTbI, rrpH3HaHHbie 6eH'IapKaMH B 

[ 4], npOWJIH MHOrOCTyneHqaTyIO CHCTeMy pe­

ueH3HpOBaHH.si H .siBJIHJOTC.si B o6meM cnyqae 

paBH03Hal.JHblMH. llcKJIJOqJ1Tb KOHKpeTHblH 

3KCnepHMeHT H3 pa3p.s1.ua 6eH'I:MapKOB MO)KHO 

TOJihKO Tor.ua, Kor.ua Ha 3TO HMeIOTC.sI cepbe3-

Hble OCHOBaHHR, HanpHMep, pa3.UeJihI B [ 4 ], OT­

Me'IeHHbie KaK REJECTED. 

2. IlapaMeTpbI, HCil0Jlb30BaHHble 

npH sepmt,HKal(HH nporpaMMbl XT26 

Ha116onee KOHCepBaTHBHOH oueHKOH no­

rpeIIIHOCTH IlC .siBJI.sieTC.sI ee onpe.ueneHHe TTO 

MaKCHMaJJbHOMY OTKJIOHemno pe3yJibTaTOB 

pact.J.eTa 11 3KCnepHMeHTa. TaKa.H KOHCepBaTH­

BHa.si oueHKa Heo6xom-1Ma, Kor.ua pacrrpe.uene­

mi:e OTKJIOHeHHH pacqera H 3KCnepHMeHTa OT-



HOCHTeJJI,HO cpe,D,Hero CMememrn aCHMMeT­

pHqHo H ero MO)KJ-IO cqJ,fTaTb HenoJIHbJM npsi:­

MOyrOJThHblM pacrrpe.n,eJieHHeM. B Ka1IeCTBe 95 
% ,ll,OBepHTeJlbHOro HHTepBana, KOTOpbIH Tpe-

6yeTCH ,D,06aBlliITb K pacqeTHOMY 3Ha1Iemno 

K3<J> [ I OJ, B 3TOM cny•rne Ja,D,aeTcH 3TO MaKcu­

MaJibHOe OTKJlOHem1e. 

TTpH pemeHHH BOilpOCOB H,D,epHOH 6e3-

orraCHOCTH orrpe.n,emnomee 3Ha11eHHe HMeeT 

MaKCHMaJlbHOe no a6COJIJ-OTHOH BeJIH'UIHe OT­

pHUaTeJlbHOe OTKJIOHemre, ,D,anee 0603ua11ae­

Moe KaK (- min), ,[(JIH cpaBHemrn c norpemHo­

cTsi:MH, onpe.n,eneHHhIMH no pe3yJihTaTaM cTa­

THCTH1IecKOH o6pa6oTKH OTKJlOHeHHH, no­

rpelllHOCTb B 3TOM CJl)"lae MO)KHO orrpe,D,eJIHTb 

KaK (- min/2), TaK KaK 95 % ,lJ,OBepHTeJlbHblM 

HHTepBaJI oueHHBaeTCSI B ,D,Be rrorpelllHOCTH 

rrpH CTaTHCTHGeCKOM IlO,lJ,XO.Ue. 

Tpa.uHUHOHHbIH crroco6 orrpe.ueneHJu no­

rpernHOCTH TTC B pe3)'JlbTaTe CTaTHCTH1IeCKOH 

o6pa6oTKH 6a:mpyeTcsi: Ha pac'-IeTe cpe,lJ,HeKBa­

.upaTH'-IecKoro OTKJlOHeHIDI pe3)'JThTaTOB pac­

'-IeTOB H 3KCrrepHMeHTOB. OT,lJ,eJibHOe OTKJlOHe­

HHe npH pacqeTe KJ<l> orrpe.ueJIHM cne,D,)'IOil.lHM 

o6pa30M: 

d =kcal -kex 
n n n , (1) 

r.ue k~aJ H k,~x CJl)')KaT pact.feTHbIM H 3KCne­

pHMeHTaJihHhIM 3Ha'-IeHHHMH ,lJ,IISI 3KCnepH­

MeHTa n, 
Cpe,D,HHH KBa,D,paT OTKJlOHeHlu !);. 

2 
OT 

cpe,D,uero cMemeHHSI d ecTh 

r.ue 

~2 =__!_ ~(d -d)2 
N ~ II > 

n=I 

l N 

d=-""'d 
N ~ "· 

n=I 

(2) 

(3) 

,[(nH cpe,lJ,Hero KBaJ.(parn OTKJlOHeHHH OT mo6o­

ro CMememrn do BhIITOmu1eTCH paBeHCTBO 

I N 

-L(d,, -do)2 =~2 +(d -do)2 (4) 
N 11=1 

TToJJO)KHB d0 = 0, ITOJJ)"IHM COOTHorneHHe 

Me)K,ll,)' cpe,D,HHM KBa,D,paTOM OTKJlOHeHHH OT 

HyneBoro CMel..l(eHHH H cpe.UHHM KBa.upaTOM 

OTKJJOHeHHSI OT cpe.u1-1ero CMeIUeHHH 

(5) 

B Ka 11ecTBe oueHKH rrorpernttocTH rrpor­

paMMbI MO)KHO HCIIOJib30BaTb KBa,lJ,paTHblli KO­

peHb 113 BbI60p0'-1HOH ,llHCrrepc1m [ 11] 

S=~ (6) 

Tor.ua 95 % ,ll,OBepHTeJlbHblH HHTepBaJI, KOTO­

pblH Tpe6yeTCH .uo6aBJIHTb K pac1IeTHOMY 3Ha­

'-IeHHJO K'><ji, KORCepBaTHBHO orrpe.uemieTCSI KaK 

D95 =2S. (7) 
O,D,HaKO KOHCepBaTHBHOCTb B 3TOM CJI)"lae 

o6ecrreqHBaeTCSI rrpH .!lOIIOIIHHTeJJbHbIX ycno­

BHSIX. Bo-nepBbIX, 'IHCJIO pacc111uaHHblX 3KC­

rrepHMeHTOB ,ll,OJDKHO 6bITb 6onee 30 H pac­

rrpe,D,eneHHe OTKJJOHeHHH "tte O'leHb aCHMMeT­

pH1IBO" [ 11]. Bo-BTOpbIX, 1-1eo6XO,ll,HMO HMeTb 

YBepeHHOCTb, 1ITO npose,D,eH pac1IeT ,lJ,OCTaT01I­

HO IIOJIHOH BbI60pKH 3KCnepHMeHTOB paccMaT­

pHBaeMoro THila. B-TpeTbHX, H)')KHO OQeHHTb 

,ll,OJJIO BbIXO,D,a 3a 95 % ,ll,OBepHTeJJl,HblH HHTep­

BaJI (- 895) OTHOCHTeJJbHO H)'JleBoro CMeme­

HHH pac'-IeTHblX OTKJlOHeHHH. EcIIH ,ll,Ollil BbI­

XO,lJ,a OTPHUaTeJlbHblX CMeIUeHHH He rrpeBhI­

rnaeT 2 5 %, TO OQeHKy (7) MO)l(JIO C'-IJHaTh 

KOHCepsaTHBHOH. 

OueHKa (6) BKJlJOIJaeT KpOMe MeT0,lJ,H'-leC­

KOH rrorpellIHOCTH TTC (S~m) ,lJ,HCIIepCHJO 3KC­

rrepHMeHTa ( ~!x ) H CTaTHCTWieCK)'IO ,D,Hcnep­

cmo pacqern MeTo,lJ,OM MoHTe-Kapno (82
). Ec­

JIH pacnpe,lJ,eJieHHe OTKJlOHeHHH M0)l(H0 C'IB­

TaTh .!lOCTaT0'-IHO CHMMeTPH'IHhlM OTHOCH­

TeJlbHO cpe,lJ,Hero CMemeHHSI, TO 

s =s:2111 +~ +82. (8) 
MeTO,D,HGecKasi: norpelllHOCTh SMn CJiy')KHT 

Meuee KOHcepsaTHBHOH ou.eHKOH norpeurnoc­

TJ:I TTC, 1IeM 0UeHKa (6), TaK KaK B HeH HCKJIJ-0-

'leH BKJla.!l CTaTHCTH'-leCKOH norpemHOCTH pac­

qern H rrorpelllHOCTH npoBe,lleHHH 3KCrrepH­

MeHTa. TTpH pacqernx B o60CHOBaHHe H,D,epHOH 

6e3onac1-1ocrn s .uo6aaKe K pacqeTH0M)' 3Haqe­

HHJO K J<j) ,ll,OIIOJJHHTeJJhH0 KOHCepBaTHBHO )"IH­

TbIBalOTCH CTaTHCTHqecKasi: orn116Ka K0HKpeT­

HOfO pac'leTa H Heonpe.ueneHH0CTb 3a C'leT 

TeXR0JIOrH'leCKHX .uonycK0B. TTpH )TOM noc­

Jie,D,HHH nonpasKa, KaK rrpaBHJlO, rrpeBOCXO,llHT 

norpelllHOCTb npH npose.ueHHH 6eH'IMapK 3KC­

nepHMeHTOB. 
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));mi: ,ZlaJlbHeihuero CHj[TJUI KOIICepBaTHB­

HOCTH Bem1'-IHHhl 95 % ,ZlOBepHTeJlbHOro HH­

Tepsana tteo6xo,uHMO npoBO.UHTb anamn xa­

paKTepa pacnpe.ueneHHj[ OTKJlOHeHHtt pe3ynh­

TaTOB pact.JeTa H 3KCnepHMeHTa. 3TO MO)K.HO 

c.uenaTh C ITOMOlllhlO MHHHMH3aUHH KpHTepmi: 

IlHpcoHa x2, onpe,uem1eMoro cne.uyiom11M o6-

pa3OM [l l]: 

(9) 
k=I 

r.ue N - qucno paccMo-rpeHHbIX OTKJlOHeHHH 

pe3yJlhTaTOB pact.JeTa H JKCnepHMeHTOB; K -
'lliCJlO TIO.UHHTepBaJJOB pa36HeHI-UI 06nacn-1 113-

MeHeHl{j[ OTKJJOHeHHH; P;- sepOHTHOCTh no­

na,uaHHH OTKJlOHeHHH B no.umnepsan k; pk -
sepoHTHOCTb nona,uaHHH B ITO,ZlHHTepBan k 
npH CTaH,uapTHOM 3aKOHe pacnpe.ueneHHH. 

Ilp11 swrncneHHH sepmITHOCTew Ka)l(,uoe 

OTKJlOHeHHe pe3ynbTaTOB paCtJeTa H 3KCnepH­

MeHTa y.uo6HO npe)lCTaBJI.SITb s BH,Zle CTaH,Uap­

TH30BaHHOH BeJlHt.JHHbl 

~n = a;1 (d:1 -dm)/ ✓ 6.~x + 8:; + a~, , (10) 

r.ue d;, - CMemeHHe np11 pact.JeTe 3KCnepHMeH­

Ta n no nporpaMMe i; d m - cpe)lttee CMemett11e 

pe3yJJbTaTOB pact.JeTa H 3KCnepHMeHTa; a:, -
secosaH xapaKTep11cT11Ka rrporpaMMbI i np11 

pact.JeTe JKcnep11MeHTa n ( s npe,ucTaBJlj[eMbIX 

HH)l(e pe3ynhTaTax a~= I /111, r.ue In - 'IHCJlO 

pac'IeTOB 3KCnepHMeHTa ll no pa31IBlJHblM 

nporpaMMaM); ~ex - oueHeHHM rrorpernHOCTh 

3KCrrepHMeHTa n H3 [4]; 8~ - CTaTHCTH'-IeCKM 

ourn6Ka pact.{eTa 3Kcnep11MeHTa n no npor­

paMMe i; cr;,, - )lHCnepCHH OTHOCliTeJJbHO cpe)l­

Hero cMemettl{j[. 

EcJIH B KatJeCTBe CTaH)lapTHOro pacnpe.n;e­

nemrn paccMaT})HBaTh HOpManbHOe pacnpe.n;e­

nemre, TO OHO 6y.ueT B CTaH,UapTH3OBaHHOM 

BH.Ue HMeTh e.n;HHH'IHYJO )J;HCnepcmo H HyJie­

soe cMemett11e: 

P(s) = [exp(0,5s
2 )J/..{i;.. (11) 

3Ha1Iem1H cpe.nttero cMemeHHR d"' 11 ero 

.u11cnepc1rn cr;,, MO)l(HO onpe.uemnb H3 ycno-
, 

BlUI MIIHHM)'Ma X- : 

30 

2; - } ax c)dm = 0, 

ax2 /acr;,, = 0. 
(12) 

Ilo onpe.ueneHHbIM 113 pemeHml CHCTeMbl 

(12) 3HatJeHWIM cpe.n;ttero cMemem-rn H ero 

.1.1.1-1cnepc1rn MOiKHO Bbll.JHCJlHTh MeTO.UHqecKyto 

om116Ky pactJeTa COOTBeTCTBYJOllleH cepHH 

JKcrrepHMeHTOB H 95 % )lOBep11TeJibHbIH HH­

Tepsan: 

D95 = 2Sm . 

(13) 

(14) 
)];nR rrpHMeHeHH.SI Mettee KOHCepBaTHBHOH 

oueHKH (13) Heo6XO.ZlHMO y6e.n;HTbCH, l.JTO HC­

cne.uyeMoe pacnpe.uenett11e MO)K}{O Cl.JHTaTh 

6nH3KHM K HOpMallbHOMy. )J;oBOJlhHO qacTO 

pacnpe.ueneHHe Cl.JHTaeTCH 6nH3KHM K HOp­

MaJlbHOMY, ecnH 3Hat.Jemre x2, HOpMHpOBaHHOe 

Ha l.JHCJlO CTeneHeH cso60,ub1, MeHbIIIe e.n;HHH­

Ubl. qHCJlO CTeneHeH CB060,Ubl onpe.uenHeTCR 

KaK v = K - I - t [ 11 ], r.ue t - 'IHCJlO ,ZlOITOJIHH­

TeJlbHblX onpe.uenReMhIX napaMe-rpos, B pac­

CMa-rpHsaeMOM cny•rne 2-x rrapaMe-rpos, BhI­

'-IHCnHeMbIX H3 ypasJ-IeHHH (12). 
Eonee O.ZlHO3Hat.JHbIM KpHTepHeM 6JIH30C­

TH pacnpe.ueneHHR K HOpMallbHOMY CJl~HT 

ypoBeHI, 3Hal.JHMOCTH B npoueHTax, KOTOpbIH 

onpe.uenReTcH no rn6JIHUaM, npHse.n;eHHhlM 

npaKTH'IeCKH B Ka)l()lOM cnpaBO'-IHHKe ITO CTa­

THCTHKe. YposeHb 3Hat.JHMOCTH ()lanee o6o-

3Ha'!aeTCR KaK u) BbllJHCJIReTC.SI JlHHeHHOH HH-
~ 2 

TepnonRUHeH no 3Hat.Jettmo x H t.JHcny CTerre-

Hei1 CB060)lbl. TipH 3Ha'-leHHH HOpMHpOBaHHo­

ro Ha '-IHCJIO CTeneHeH CB060)lbl x2
' paBHOM I, 

yposeHb 3Ha'-IHMOCTH Jle)l(HT B ,UHana3OHe OT 

30 .uo 50 % s 3aBHCMMOCTH OT l.JHCJla CTerreHeH 

cso60,ub1. )J;m1 HOpManhHoro pacnpe.n;eneHHR 

yposeHb 3Ha'IHMOCTH paseH l 00 %. 
)J;nR HHTepnpeTaUHH yposm1 3Hat.JHMOCTH 

c yqeTOM rno6anbHOCTH Me)l(,Uyttapo.uttoro 

c6opHHKa 6eH'-IMapK 3Kcnep11MeHTOB [ 4] MO)l(­

HO npe,UJlO)l(HTb a6cTpaKTHYJO "ranaKTHt.Jec­

KYJO" MO,ZleJlb. Ilpe)lITOJIO)l(HM, '-ITO B Hamett 

ranaKTHKe cymecrny10T 100 nnaneT, Ha KOTO­

pbIX He3aBHCHMO COCTaBJlRJOTCH 100 c6opHH­

KOB OITHCaHHR 6eHtJMapK 3KCnepHMeHTOB Ha 

KpHTHt.JeCKHX c6opKax 11 npoBO,ZlRTC.SI pact.JeTbl 

K )(~ .nmI JTHX c6opoK. Ecn11 yposeHh 3Hat.JHMO­

CTH HOpMallbHOCTH pacrrpe.neneHHH OTKJlOHe­

HHH Ha o,nHOH 113 nnaHeT cocTaBJIReT 90 % s 



HaCTO.Slll.{HH MOMeHT BpeMeHI-1., TO :no O3Ha'-la­

eT, '-ITO npH 6eCKOHe'-lHOM IJHCJie 3KCnepHMeH­

TOB H pac'-leTOB Ha BCex nnaHeTax Ha 90 H3 

HHX pacnpe)leJieHHe OTKJIOHeHHH 6y.n;eT HOp­

MaJihHhlM. 

Ba)KHblM 3JieMeHTOM onpe.neneHH.sI HOp­

MaJJhHOCTH pacnpe.nenemrn CJI~HT BhI6op 

no.rumTepBaJJOB pa3foleHH.si s (9). TTpH BhI6ope 

pa36Hettmi: Ha nO)lHHTepBaJihl )lHaIIaJOHa OT­

KJIOHeHHH B HaCTOfilll.eH pa6oTe c yqeTOM He­

o6XO)lHMOCTH pewemui: CHCTeMhl (12) HCnOJih-

3OBaJJl1Ch cne.nyrow.11e orpairnqeHH.sI: 

1) ypoBeHh 3HarrnMOCTH onpe.neJI.sIJIC.sl Ha 95 % 
)lOBepHTeJihHOM HHTepBane HOpMaJJhHOro pac­

npe.neJJeHH.sI; 

2) BCe TIO)lHHTepBanhl 6blJIH O)lHHaKOBOH lllH­

pHHhI; 

3) B Ka)K.[(hl.H TIO)lHHTepBaJJ s npe.nenax 95 % 
)lOBep11TeJihHOro HHTepBana )lOJJ)KHO rrona)laTh 

He Mettee l 0 OTKJIOHeHHH [ 11]; 
4) IIIHpHHa TIO)lHHTepBaJJOB )lOJI)KHa 6hITh 

6onhllle cpe.n;HeH. CTaTI-ICTHIJeCKOH OIIJH6KH 

pacqern .nn.si: paccMaTp1rnaeMoii Bh16opKH; 

5) WHpHHa TIO)lHHTepsana .nomi:<Ha 6hITb 

MeHbWe cpe.n;HeH norpemHOCTH 3KCIIepHMeH­

TOB )lJJ.sI paccMaTPJ1BaeMOH BhI60pKH. 

y CTOHllHBOCTh oueHKH onpe.n;eJJeHH.sI ypo­

BH.sI 3Ha4HMOCTH npoBep.sIJiaCb TIYTeM BapHa-

1.{H:H <rncna nO)lHHTepBaJJOB Ha ± 10 % H:JIH 

y.naneHHeM 113 BbI6opKH cnyqaHHb!M o6pa30M 

10 % OTKJIOHeHHH. ECJIH npH 3THX Bapttaumrx 

ypoBeHh 3Ha'-lHMOCTH Mewmc.si: Mettee IJeM Ha 

10 %, TO oueHKa C'-IMTaJJaCb ycTOH'IHBOH. 

Ecmr Bee nepet.IttcneHHhie ycnoBH.si: y.n;oB­

JJeTBopeHhI, ypoBeHb 3Ha'IHMOCTH npeBbllllaJJ 

70 % 11 .[(OJJ.sI BhlXO)la OTPHUaTeJJbHbTX OTKJIO-

HeHHH 3a 95 % )lOBepineJibHbIH HHTepBaJJ 

(- 895) He rrpeBhilllaJia 2,5 %, TO pacnpe.nene­

HHe C'-IHTaJIOCh 6JJH3K11M K HOpMaJJbHOMY, a B 

Ka'-lecTBe norpewttocrn ITC npHHHMaJJOCb 

3Haqem1e S,,, 

3. Ou:e1rn:a ll0CTaT0'IH0CTH Il0JIII0Tbl 
ua6opa 6eu~1MapK :m:cnepuMeHTOB 

Ilpe)K)le 'leM npoBO)lHTh Bepmpm<aUIDO 

ITC, He06XO)lHMO y6e.[{HThC.sl B )lOCTaTO'IHOH 

TIOJJHOTe Ha6opa 6eH'IMapK 3KCnepHMeHTOB B 

[ 4]. ,[(n.si 3TOro MO)KHO BOCilOJlb3OBaTbC.sl aHa­

JJH3OM COBOKynHOCTH scex paC'leTOB 3KCrrepH­

MeHTOB 3a HCKJIIO'leHHeM: 

• )ly6nttpy1ow.11x pacqeTOB no O)lHOH H TOH 

)Ke rrporpaMMe )lJl.sl O)lHHX H TeX )Ke 6eH'IMapK 

MO)leneii, HO BbinOJJHeHHhIX C BapttauHeH npH-

6m-t)KeHHH ( o6pa6aTbIBaIOTC.sl TOJibKO pacqe­

Thl, onpe.neneHHhie KaK 6onee TO'IHbie); 

• .[(OIIOJJHHTeJJbHhIX pacqeTOB no O.[(HOH H 

TOH )Ke nporpaMMe .[(Jl.sl ynpow.eHHbIX 6eHl{­

MapK MO,UeJiett; 

• pac'-!eTOB c OTKJJOHeHH.sIMH 6onee 10 % 
KaK 3aBe)lOMO OIJJH60'IllbIX (2 pacqern); 

• BCex pact.IeTOB s npH6JimKeHHH 6aKJIHHra. 

PaccMOTpHM TeH)leHI.{H11 H3MeHeHH.sl CTa­

Tl1CTffl.feCKl1X xapaKTep11CTHK pac'-leTOB scex 

3KCnepHMeHTOB no ro)laM ony6JJHKOBaHH.sl 

pa3,ueJJOB C ormcaHH.sIMH 3KCnepHMeHTOB B [ 4]. 
B rn6n. 1 npHBo,u.si:Tc.si o6o6rueHHbie rrorpew­

HOCTH paC'leTOB 3KCnep11MeHTOB H ypoBeHb 

3Ha'lliMOCTH HOpMaJihHOCTH pacnpe)leJieHH.sI 

.[(JI.sl TPeX BbI60pOK. 

1. Pe3yJihTaThI pacqern, npwse)leHHhie Heno­

cpe,ucrnettHo B pa3,uenax c om1cam1.eM 6eH'I­

MapK MO.[(eJieH. 

Ta 6 JI Hu a 1. CTaTHCTHKa pacYeTa no ro.u.aM ony6Jll1KOBaHHji 3KCnepHMeHT0B B [4] 
.ll.Jlji Pa:3Jll14HblX BbI6oooK oe3VJlbTaT0B paCYeTa (Jcal - o6ruee 411CJ10 pacYeTOB) 

ro.n. 4HCJ10 
OcHOBHb1e TOMa [4] 

+ .u.on0JlHHTeJlbHble + 113 .u.pyrnx 11CT04Hl1K0B 
orry61111- 3Kcnep11- 0a:3)].eJlbl r4l 

K0BaHHSI MeHT0B Jcal ~ O, % u,% Jcal ~o,% u, % Jcal ~o,% u, % 

1995 150 459 1,50 15 609 1,40 40 984 1,35 52 

1997 718 2 366 1,20 78 3 250 1,09 60 4 815 1,06 77 

1999 I 489 4 457 1,13 65 6 255 1,04 51 10 040 1,00 93 

2001 2 428 7 201 1,08 88 10 034 1,01 80 16 015 0,98 86 

2003 3 112 9 135 1,06 72 12 692 1,02 87 20 372 1,00 97 

2005 3 637 10 322 1,05 18 14 395 1,02 40 23 143 1,01 89 

2007 4 054 10 985 1,04 1 15 545 1,01 8 24 989 0,99 81 

2009 4 275 11 592 1,02 5 16 276 0,99 7 25 751 0,99 66 
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2. )],o6asJJeHbI pe3yJihTaThI pact.Jera, rrp1rne­
neHHb1e B [ 4] B OT,D,eJJbHbIX pa3)leJJax. 3TO pac­
t.JeTbl rro aMepHKaHCKHM rrporpaMMaM KENO 
(Ha OCHOBe pOCCl1HCKOH 6H6JJHOTeKH Sl)],epHbTX 
)],aHHhIX ABBN93) 11 MCNP c 6.116ID10TeKaM11 
ENDF/D-Vll.0 11 ENDF/B-VI.8. 
3. )],o6aBJJeHbl pe3yJlhTaTbl pact.JeTa ITO aMepu­
KaHCKHM rrporpaMMaM MCNP .11 TART Ha 
octtose fo16n110TeK ENDF/D-VII.0, ENDF/B­
VI.8, JEFF-3.l [5 ... 7] H rrporpaMMaM KOMrrrre­
Kca CAII<DMP-2006 (XT26 c 6116n110TeKOH 
J;)], JIH<DK-87/03 .11 XTRT c aMepm<aHcKoH 
6H6m10TeKOH ENDF/B-VI.6). 

Ha pHC. 1 npHBe)leHbl pacrrpeJ:(eJJeHHSI OT­
KJlOHeHHH npH pact.JeTe no sceM rrporpaMMaM 
Bcex 6eHt.JMapK 3KCnepHMeHTOB no roJ:(aM HX 
ony6m1KoBaHHSI B [ 4]. Ha pHcym<e B CK06Kax 
OTMe'-leHO 06111ee '-IHCJJO pact.JeTOB. 

EcrrH Yt.JHTbIBaTb T0JJbKO TeHJ:(eHUHH H3-
MeHeHHSI cpeJ:(HeKBaJ:(paTH'-leCKOH rrorpeUIBOC­
TH H B113YaJJbHO ouemrnaTb CTa6HJJH3aumo 
pacnpeJ:(erreH~ OTKJlOHeHHH, TO MO)KHO C,D,e­
JJaTb BbIBOJl O J:(OCTaTOt.JHOH nOJJHOTe )],aHHbIX, 
Ha'lliHM c ~ 2003 r. O,D,HaKO JJOKaJJhHbie OT­
KJlOHe~ CTaHJ:(apTH30BaHnoro pacrrpenene-

BepoJ1TttocTb, 

0TH. e.n. 

HHSI OT HOpMaJJbHOro, 0 qeM CBHJ:(eTeJJbCTBYJOT 

KOJJe6aHHH ypOBHJI 3Hat.JHMOCTH, Tpe6yioT 

npOJ:(0JDKHTb aHaJJl13. B Ta6JJ. 2 rrpHBe)leHbl 
CTaTHCTH'-leCK.He )laHHbJe J:(Jl.SI BhI6opOK no 
CTPaHaM, r,n;e npOBO,D,HJTHCb 3KCrrepHMeHTbI. 

Ha116onee "ttey)].a'-1Hb1e", c TOllKH 3peHHH 
norpelllttocTH pacqeTa, 6oJJblliOH oneHeHHoif 
3KCIIepHMeHTaJJhHOH norpell1HOCTl1 H H113KOro 

ypOBHSI 3Hat.JHMOCTH, 3KCnepHMeHThT npOBO­

J:(HJJHCb cneu11an11cTaMH ClllA. Mo)l(Ho npe,n;­
noJJO)KHTh, t.JTO 3TO ua11.6onee npo6neMHhie 
3KCnepHMeHThl, KOTOpbie npOBOJlHJJHCb C 

ueJiblO H3yqeHHSI HeHTPOHHOH 4JH3HKH, a He 

,ueMOHCrpaUHH 3KCnepHMeHTaJJbHblX B03MO)K­

HOCTeH. U:enecoo6pa3HO tta.116onee npo6JJeM­
Hbie, C TOt{l(H 3peHH51 MaTeMaTHt.JeCKOro MOJ:(e­

JJHpOB~, 6e'!MapK MO)],eJrn BblJ:(eJJH.Tb s OT­
)leJJbHbJe KJlaCCbI H paccMarp.11BaTb HX He3aBH­

CHMO OT COBOKyrrHOH BbI6opKH. B Ta6n. 3 
npirne,n;eHbl CTaTHCTHt.JeCKHe napaMeTPhI J:(JJ.SI 
HeKOTOpbIX BbI6opoK IIO THTIY 3KCrrepHMeHTOB 
( OT,D;eJJ.bHhie c6opKH BKJIIOqeHbI s HeCKOJJ.bK0 
BbI6opoK). 

K npo6neMHbIM KJJaccaM MO)KHO OTHeCTH 
3 THna 3KCnepHMeHTOB. Bo-nepBhIX, 3TO 3KC-

1----- ---------B-:-1~,-t.--------, - 2009 (25 75 I) 
2007 (24 989) 

1--------------tt::-l-al•+-➔~------, - 2005 (23 143) 

I 

I 

- 0,04 - 0,03 - 0,02 - 0,0 I 0 0,01 

OrKJ1otteHHJ1 K'l<!> 

-2003 (20 372) 
- 2001(16015) 

1999 (10 040) 
1997 (4 815) 

• • 1995 (984) 

0,02 0,03 0,04 

PHc. I. Pacnpe.ne11eHHe OTKJlOHeHHH pe3yJJbTaTOB pacYeTOB H 3KCnepHMeHTOB, HOpMHpoBaHHOe Ha '-IHCJJO 

pacYeTOB, no ro,naM ony6nHKOBaHHJI 3KCnepHMeHTOB B [4] (paCYeTbl no BCeM nporpaMMaM) 
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T a 6 JI u u a 2. Crnn1cT11Ka pacYeTa 3Kcnep11MeHTOB no CTpaHaM 
BblnOJ1HeH1-rn 3KCnepl1Jl,1eHTOB 

411cno 
lfacno li.ex, % 

u % CTpaHa ti.o, % 3Kcnep11-
pacYeTOB (cpe.nwu1) 

MCIITOB 
Bee cTpaHbt 4 257 25 751 0,99 0,44 66 

PoccHll + 
781 4 677 0,93 0,42 99 BeHrp11ll*J 

CWA 2 322 14 985 1,08 0,49 5 
OCTaJ1bHble 

l 172 6 089 0,76 0,32 96 
CTpaHbl 

, ) 
* B BeHrp1111 nposo.n11n11cb 3Kcnep11MeHTbt c Tonn11BOM BB3P 
c y4acT11eM pocc11i1cK11x cneu11a.n11cTOB 

T 6 a JI HU a . T8THCTHK8 ,D,nll Bbl OpOK no THnaM 3KCnep11MeHTOB 3 C 6 
N!?N2 T11n 411cno llJ1cno 

ti.o, % li.e,, % u %*) 
n/n 3KCnep11MeHTOB 3KCnep11MeHTOB pacyeros 

, 

I 
DblCTPblH 

586 3 872 0,96 0,32 32 
cneKTp 

2 
ITpoMe)l(YT04-

221 1 187 1,87 0,61 -
HblH cneKTJ) 

3 
Tennosoi1 

3 480 20 728 0,92 0,45 71 
cneKTP 

4 
PacrnopHbte 

I 428 9 566 0,91 0,52 81 
c6opKH 
JierKOBO,IJ,Hble pe-

5 
WeTKH c o6oraLUe-

I 215 7 141 0 78 0,35 93 
HHeM MeHbWe 10 
% 

6 
OpraH11YecK11H 

479 2 955 1,42 0,50 -
38Me,D,nHTenb 

7 
foMoreHHbte 

33 370 1,64 0,26 
Mo.nem1 nma ZPR 

-

8 
C11cTeMbt c 

84 639 1,10 0,32 
6epHJ1n11eM 

-
* ) npo4epK 03H848eT, 4TO He BbrnOnHlllOTCll no.nHOCTblO Tpe6yeMb!e B p83.nene 2 
YCJl0B11ll ,D,nll onpe.neneHHJI ypOBHll 3H84HMOCTH HOpM8.11bHOCTl1 pacnpe.neneHHll 

rrepHMeHThl C opraHHtJeCKJ1M 3aMe.l],JIHTeJJeM 

(KpOMe 3KcrrepHMeHTOB C 6hICTphlM cneKTpOM 

HeHTpOHOB ) . Ha pHc. 2 np1rne.n:eHo pacnpe.n:e­

nem,e OTKJlOHeHHH pacqeTHhlX H 3KCTTepHMeH­

TaJihHhlX 3HatJeHHH K)ql .llJUI 3KCnepmvteHTOB 

3Toro nma. B pacnpe,nenemrn Ha6mo.n:a10TcH 

HeCKOJlhKO MaKCHM)'MOB, KOTOphie He y,naeTCH 

O}lHO3HatJHO H}leHTH¢H~HpoBaTh no oco6eH­

HOCTH:M 3KcnepHMeHTOB. 

Bo-BTOphIX, 3TO 3KCnepHMeHThl C npoMe­

)l(yTO'IHhIM cnel<TpOM HeHTpOHOB, B KOTOphlX 

3HatJHTeJJhHhlH BKJla.ll B K )<j> BHOCHT o6naCTh 

Hepa3perneHHhIX pe3OHaHCOB. B [4] 3TH 3KCIIe­

p11MeHThl o6o3HatJeHhI KaK INTER H MIXED. 
B 3TY Bh16opKy BXOWIT TaK)l(e 3KcrrepHMeHThI 

C opraHHtJeCKHM 3aMe}lmlTeJJeM H3 npe}lhl.llY­

IUeH Bh16opIG1. 

B -TpeThHX, HBHO BhI.lleJUilOTCH: no BeJIHtJH­

He norpernHOCTH pactJeT a reTeporeHHhie 3KC­

nepHMeHThI, rrpe,nCTaBJJeHHhie B BH}le roMor e­

HH3HpOBaHHhIX MO.lleJJeit 3.l],eCh OHH o603Ha­

tJeHhl THITOM ZPR. ITpH pacqernx B o6ocHoBa­

HHe 51,nepttoii. 6e3011acHOCTH Ha A3C c BB3P 

ITO.l],06Hble pacqeTHhie MO.l],eJIH .uaBHO ~e He 

npHMeHmoTCH H 3,nech, HCKJll09HB HX H3 06-

meii COBOKyrrHOCTH 6eHtJMapK MO.UeJieH, ITO.ll­

po6HO o6c~.l],aTh 3TH MO.l],em, He 6y.D.eM. 

ITocne BhI.D.eneHttll H3 06rue0 coBoKynHoc­

TH 642-x 3KCnepHMeHTOB nonyqaeM, KaK rro­

Ka3aHO 8 Ta6n. 4, B .UOCTaTOlJHOH CTeneHH ye-
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0TKJJOHeHHe paclfeTa H JKCnepHMeHTa 

PHC. 2. Pacnpe,!1,eJJeHHe OTKJIOHeHHH pe3yJJbTaTOB pacl.leTa K:xt, no BCeM nporpaMMaM ,!J,JISI 3KCnepHMeHTOB C 

opraHHlfeCKH.M 3aMe,!l,JIHTeJJeM 

TOK'fI{ByIO IIOJIHOTY )J,aHHbJX 3KCnepHMeHTOB H 

pactJeTOB IlOCJie 2003 r. 
Y'lHTbIBaJI CJIO'.lKHOCTb rrepexo,na OT MliK­

p03KCnepHMeHTOB no H3MepeHHIO HeihpoH­

HbIX cetJeHHH K pactJeTy MaKpO3KCnepHMeHTOB 

Ha KpHTH'leCKHX c6opKax, a TaIOKe pa3H006pa-

3He 3KcnepHMeHTOB B [4], MO'.lKHO C'lHTaTh 

Y.ll.HBHTeJibHbIM qrnKTOM TO, 'ITO pacnpe)J,eJle­

Hl-le OTKJlOHeHHH pe3y11bTaTOB pactJeTa H 3KC­

rrepHMeHTa npaKTH'IeCKH HOpMaJlbHO Ha 95 % 
)J,OBep11TeJ1bHOM HHTepBane, T.e. ,na'.lKe caMhie, 

T a 6 JI u u a 4. CTaTHCTHKa pacl.leTa no ro.D.aM 

ony6JJHKOB8HHSI 3KCnepHMeHTOB B [4] nocJJe 

BbI.D.eJJeHHSI 3-x THnOB 3KCnepHMeHTOB 

B OT,!J,eJlbHble KJI8CCbl (L\ex cpe.D.Hee- 0,43 %) 
10.D. 4HCJIO 

l£HCJIO 
ony6JJH- 3KCnepH-

pactteTOB 
L\o, % u, % 

KOB8HHSI MeHTOB 

1995 115 847 1,41 44 
1997 621 4 374 1,09 88 
1999 1 315 9 181 0,97 91 
200 1 2 043 13 712 0,91 96 
2003 2 646 17 36 1 0,88 99 
2005 3 037 19 421 0,88 99 
2007 3 425 2 1 198 0,87 98 
2009 3 633 21 925 0,86 98 
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Ka3aJ1OCb 6bi, "ttey,na'IHbie" 3KCnepHMeHTbl H 

pactJeTbl HaXO,UR.T CBOe 3aKOHHOe MeCTO B co­

BOKynHOM pacnpe)J,eJleHHH. 

4. OueHJrn AOCTaTO'IHOCTU DOJIHOTbl 

Bb16op1rn npu sepH«J>mrnuuu XT26 

HopManbHOCTh pacnpe,nenemrn crnH,nap­

TH3OBaHHhIX OTKJIOHeHHH pe3yJlhTaTOB pacqe­

Ta H 3KCrrepHMeHTa ,UJlR. COBOKynHOCTH BCex 

pactJeTOB 6eH'lMapK 3KCnepHMeHTOB J,l JIOJlHO­

Ta HX Ha6opa B [ 4] IlO3BOJIIDOT HCilOJlb3OBaTb 

,nocTaTO'IHO npOCTOH KOHCepsaTHBHbIH crro­

co6 OI.J,eHKH nOJlHOTbl paCClJHTaHHhIX 3KCnepH­

MeHTOB np11 Bepml:n1Kau:1111 ITC, rrpe,nHa3Ha­

G:eHHOro ,nnx perneHHR. BonpocoB x,nepHOH 

6e3onacttocTH. ITpH sep11cp11KaI.J,1111 nporpaM­

MbI XT26 )J,JlR. scex BbJ6op OK rrposepR.11HCb 

cne,nyromHe ycnOBHR. HX ,UOCTaTOtIHOH IIOJl­

HOThJ: 

1) ,UOJl'.lKHO 6h1Tb paCC'lHTaHO He Mettee 50 % 
3KCnepHMeHTOB B paccMaTp HBaeMOH BbI6opKe; 

2) 3cpcpeKTHBHaJI norpelllHOCTh ~o pactJeTOB 

no BCeM nporpaMMaM, Kp OMe XT26, BCex 3KC­

rrepHMeHTOB B BhI6opKe )J,O11'.lKHa 6h!Tb MeHb­

we, qeM 3<p<peKTHBHa.sI rrorpeIIIHOCTb npH pac­

'IeTe no BCeM nporpaMMaM, KpOMe XT26, Tex 



--
Ta 6 Jl H u a 5. OueHKa nOJlHOTbl Bbl60DKH npH pact.feTax no noorpaMMe XT26 

no BCeM JKCnepHMeHTaM Be3 3-x nmoa 3Kcneo11MeHTOB 

Bb16opKa 
LIHCJlO 

4HCJ10 
3KCnepH-

pact.feTOB 
MeHTOB 

Bee pact.feTbl acex 
4 275 25 751 

3KCnepHMeHTOB 
Bee 3KCnepHMeHTbl, 

4 275 22 685 
see pact.feTbl 6e3 XT26 
Pact.feTbl no APYrHM npor-
paMMaM 3KCnepHMeHTOB, 3 066 18 621 
pacct.fHTaHHblX no XT26 
Pact.feTbl no ApyrnM npor-
paMMaM 3KCnepHMeHTOB, I 209 4 064 
He pacct.fHTaHHhlX no XT26 
no MaKCHMaJlbHblM 

3 066 3 066 
OTKJlOHeHH.SIM 
no MHHHMaJlbHblM 

3 066 3 066 
OTKJlOHeHH.SIM 

3KcnepHMeHTOB, KOTOpbie pacc<rHTbIBaJIHCb no 

nporpaMMe XT26. 
B Ta6JI. 5 npHBe,ZleHbl .llaHHbie, HCnOJib30-

BaHHbie npH OUCHKe IlOJIHOTbl BbI6opKH pact.Je­

TOB no XT26 .nm1 BCeH COBOKYTIHOCTH 3KCne­

pHMeHTOB B [4] H nocne BbI.LieJieHH51 3-x THilOB 

3KCnepHMeHTOB. B o6oHX CJiyt.Ja5IX ycJIOBIUI 

IlOJIHOTbl BbI60pKH BbITIOJIHCHbI. Manosep05IT­

HO, 1fTO npH pac'-leTe scex 3KCnepHMCHTOB no 

nporpaMMe XT26 norpelllHOCTb pacqern yse­

JIH'IHTC51, TaK KaK HepaccqJffaHHbIMH OCTaJIHCb 

B OCHOBHOM "xopoume" 3KCnepHMeHTbl. 

MO)l(HO OTMeTHTb 60Jiblll)'IO pa3HHUY B 

MaKCHMaJibHbIX H MHHHMaJibHbIX OTKJIOHeHH-

5IX npH pact.JeTe no pa3JIH'-IHhlM nporpaMMaM -

COOTBeTCTB)'IOIUHe 3cpcpeKTHBHbie norpeurnoc­

TH OTJIH'-laIOTC51 IlOlJTH B 4 pa3a. ITo3TOMY, He 

06ecne11HB .LIOCTaTOlfHYIO nOJIHOTY BbI60pKH 

npH BepmpHKaUHH KOHKpeTHOro TIC, MO)KHO 

oum6HTbC51 B onpe.neJieHHH MeTO.D,WieCKOH 

norpelUHOCTH. HanpHMep, 3cpcpeKTHBHa51 no­

rpelUHOCTb no MHHHMaJibHbIM OTKJIOHeHH5IM 

(0,37) MeHbllle, qeM cpe.LIHIDI norpelUHOCTb 

3 KCnepHMeHTOB (0,43), lfTO MO)l(eT np1rnecn1 K 

MHHMblM 3HalfCHH5IM MeTO.[(HlfeCKOH norpelll­

HOCTH. 

5. IloCTpoe1rne JJ,epesa norpernuocTeit 

EcJIH He06XO.LIHMO onpe.LieJIHTb norpelll­

HOCTb KOHKpernoro ITC npH pac'-leTe npOH3-

LIHCJlO 
LIHCJlO 

~o, % 3KCnepH-
paCt.feTOB 

~o,% 
MeHTOB 

0,989 3 633 21 925 0,864 

0,997 3 633 19 270 0,878 

1,014 2 655 16 104 0,884 

0,917 978 3 166 0,848 

1,629 2 655 2 655 1,504 

0,472 2 655 2 655 0,370 

BOJibHOH KOHqmrypaUHH 51.D,epHOfO TOilJIHBa, 

Hanp11Mep, npH MO,UeJIHpOBaHHH 3aripoeKTHblX 

asapHH C pa3pYllleHHCM TOnmrna, TO MO)KHO 

npHH.SITb ee paBHOH norpelUHOCTH paC'-ICTOB 

BCCH COBOKynHOCTH 3KcnepHMeHTOB 3a HCK­

JIIOqeHHCM 3-x BbI,lleJieHHblX THIIOB. ,l(JI5I Bbl­

,ueneHHhIX THilOB 3KCnepHMeHTOB norpelll­

HOCTb ITC .LIOJI)KHa oueHHBaTbC51 OT.D,eJibHO. 

ITpH npaKTHqeCKHX pacqernx B o60CHOBa­

HHe .Sl,D.epHOH 6e3onaCHOCTH CYllleCTBCHH)'IO 

qacTb pacYeTOB COCTaBJIIDOT pacqeTbl KOHCep­

BaTHBHb!X MO.LieJieH cpe.LICTB o6pameHH51 C 

51,ZlepHblM TOTIJIHBOM B ycJIOBH5IX HX HOpMaJib­

HOH 3KCrIJiyarnu,HH . .LJ:llil TOOJIHBa BB3P no­

rpern11ocTb ITC B 3TOM cnyqae MO)l(HO onpe.Lie­

JIHTb MeHee KOHCepsaTHBHO, paccMaTpHBall 

TOJibKO 3KCnepHMeHTbl C JiefKOBO.LIHbIMH HH3-

KO o6orameHHbIMH pellleTKaMH . .LJ:n51 nepexo­

.Lia OT o6meH Bhl60pKH K BbI60pKe .LIJI51 Jief KO­

BO.lIHblX pellleTOK nposeneHo IIOCJlC.D,OBaTeJib­

HOe n11cpcpepeHUHpOBaHHe BbI6opoK, om1pa51Cb 

Ha CTPYKTYPY MaTepHanos B [ 4]. 
CTPYKTYPHO Me)l()],yttapO.LIHbIH c 6opHHK 

6eHlfMapK 3KCnepHMeHTOB pa36HT Ha He­

CKOJibKO TOMOB. ITpH s epH(pHKaUHH npor­

paMM, ripe.LIHa3Ha'-leHHbIX ,ZlJI51 pelUCHIDI. BOil­

pOCOB 51.LiepHOH 6e3onaCHOCTH , HaH60JiblllHH 

HHTepec npe.LICTaBJIJll:OT TOMa c 1 no 6: 
• TOM I - c6opKH c OJIYTOHHeBbIM TO□JIHBOM 

(s OCHOBHOM paCTBOpHbie c6opKH 11 c6opKH C 

6bICTpbIM cneKTPOM HeHTPOHOB); 
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• TOM 2 - c6opKH c :rr,aHOBhIM TOTTJTJ,fBOM 

np11 06orameHJ1H no 
23 U 6oJiee 60 %; 

• TOM 3 - c6opKI1 c ypaHOBhlM TOIIJIHBOM 

np11 o6orarueHHH no 
23:,U oT 10 .no 60 %; 

• TOM 4 - c6opKH c :rr,aHOBhlM TOJTJIHBOM 

npH o6orarueHHH no 
23 U Mettee 10 %; 

• TOM 5 - c6opKH c TOilnHBOM Ha OCHOBe 
233U· , 
• TOM 6 - c6opKH co cMernaHHhIM U/Pu 
TOITJIHBOM (MOX TOITJ1HBO). 

OrrHCaHHe 3KCnepHMeHTOB, BhITIOJIBeHHhIX 

B O,!J.HOH cepHH OJJ.HOH rpynrroi-i 3KCrrepHMeH­

TaTOpOB, o6be)J.HHeHO B pa3,neJihl. ll.ueHTHQ)H­

KaUHH pa3,neJIOB .nonOJIHHTeJihHO □O,ll,pa3,!J.eJIH­

eT 3KcrrepHMeHThl Ha THllhI: 6bICTPhie, npoMe­

)KYfO'IHhJe Te□JJOBhie, paCTBOpHbie, reTepo­

reHHbie H T.n. OKOJIO 'IeTBepTH Bcex 3KCrrepH­

MeHTOB BhITIOJIHeHhl C nerKOBO,ll,HhIMH perneT­

KaMH. B HaCTOfillleH pa6oTe rrpH .n11cj)cj)epeH­

UHpOBaHHH BhI6opoK MHHHMaJihHOH e.nHHHUeH 

Ha6opa .naHHhlX C'IHTaJICH pa3.nen B [ 4]. ITpH­

Ha,!J.Jie)KHOCTh pa3.nena K BhI60pKaM no THIIaM 

3KcnepHMeHTOB orrpe.nemmach no 6onhrnHH­

cTBY c6opoK, OTHOCHIUHXCH K 3TOMY THily. 

B Ta6JI. 6 ... 12 npe,ll,CTaBJieHhI pe3yJIJ,TaThl 

.llHCpcj)epeHUHpOBaHHH BhI6opoK no COBOKyn­

HOCTH Bcex paC'IeTOB H pact.i:eTOB no nporpaM­

Me XT26. ITapaMeTPhI B Ta6JIHilaX orrncaHhI 

Bhillie. ,U:nH Ha3BaHHH BhI6opoK HCilOJlh30BaHhl 

cne.nyionlHe o6o3Ha'IeHHH: 

ALL - pacl{eThI Bcex 3KcrrepHMeHTOB; 

ALL-3t - pacqeThI 3Kcrrep11MeHTOB, 

HCKJII-O'IaH 3KC□epHMeHThl C TeITJ10BhIM crreKT­

pOM HeHTPOHOB c opram1qecKHM 3aMe,nn11Te­

J1eM (ORG), roMoreHH3HpoBaHHhie 6eH1I.MapK 

MO,ll,eJIH (ZPR) 11 c6opKH c rrpoMe)KyrO'lliblM 11 

cMernaHHhIM cneKTPaMH HeHTPOHOB (INT); 

Pu - 3KCnepHMeHThI 

C rrnyroHHeBhIM TOITJIHBOM H3 TOMOB 1 H 6 ; 

U - 3KCnepHMeHThl 

C ypaHOBhIM TOTTJIHBOM H3 TOMOB 2 . . . 5 ; 

FAST - c6opKH 

c 6bICTphlM cneKTpOM HeHTpOHOB; 

SOL - 3Kc11epHMeHThI 

Ha pacTBOpHhIX c6opKax; 

T 1 - 3KcnepHMeHThI 

H3 0,[(HOro TOMa, HanpHMep, 1; 

TT 2 ,3 - 3KC□epHMeHThI H3 TT. 2 H 3 ; 

L W - c 6opKH c nerKOBO,llHhIMH peweTKaMH; 

MOX - c6opKH Ha ocuoBe MOX TOTTJJHBa; 
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MIC - c6opKH c nerno­

BOJJ.HhIMH perneTKaMM C MHKpOHeo,nHopo.nHo­

CTHMH (rr3JI, TB3r, H3bHTHe OT,[(eJihHhIX TB3J10B, 

BhITeCH11Temf BMeCTO OT,!J.eJibHhlX TB3JJOB); 

MAC - c6opKH c nerKOBOJJ.HhI­

MH perneTKaMH C MaKpoHeO)lHOpO.[(HOCTHMH 

( 80,!J.Hhle IlOJ10CTH, CTeHhl H3 nornomaIOIUHX 

MaTepuaJIOB, nnaCTHHhl H paCTBOpbI CHJlhHhlX 

nornonneneif Me)K)ly rpynnaMH TB3JIOB ); 

REF - c6opKH c OTPa)KaTeJieM; 

NO REF - c6opKH 6e3 0Tpa)KaTem1; 

BB3P - c6opKH c perneTKaMH THrra BB3P; 
Gd - nerKOBOJJ.Hhie 

c6opKH c pa3MelliaHHhIM B BO)le ra)lOJIHHHeM; 

- Gd - JierKOBO)lHhle c6op-

KH, HCKJllO'IaH c6opKH c ra)lOJillli.HeM a BO)le. 

ITocne)loBaTeJihHOCTh orrpe)leneHHH no­

rpell1HOCTH nporpaMMbI XT26 Ha Ka)K)lOM ma­

re )lHcpcpepeHUHpOBamrn BhI60pOK CJie)lyio­

maH. 

1. Onpe.nemmach □OJIHOTa ua6opa 3KcnepH­

MeHTOB. EcJIH nOJIHOTa ua6opa 3KCIIepHMeH­

TOB a [4] ,llJIH paccMaTPHBaeMOH BhI6opKH He 

BhIIIOJIHHJiaCh, TO B Ka'-leCTBe norpernHOCTH 

npHHHMaJiaCh JIH6o norpernHOCTh (6), m160 

pacnpe)leJieHHe C'-IHTaJIOCh npHMOyrOJihHhIM H 

B Kal{eCTBe JieBOH rpaHHUhl 95 % )lOBep11TeJib­

HOro HHTepaana npHHHMaJJOCb MaKCHMaJJhHOe 

OTPHUaTeJibHOe OTKJlOHeHHe (- min). 

2. Onpe}J.emmacb llOJIHOTa BbI60pKH paCC'IH­

TaHHbIX 3KC□epHMeHTOB no rrporpaMMe XT26. 

ECJIH nOJIHOTa He BhllIOJIHHJJaCb, TO rrpOBO,!J.H­

JIHCh )lOIIOJIHHTeJibHhie pacqeTbl. 

3 . Orrpe.neJIHJICH ypoBeHh 3Ha'IHMOCTH HOp­

MaJJhHOCTH pacnpe)leJieHHH )lJIH paccMaTPHBa­

eMOH Bhl6opKH. 

4. Ecn11 u 2'.: 70 % 11 (- 895) ~ 2 ,5 %, TO B 

Ka'IeCTBe norpeIUHOCTH npHHHMaJIOCb 3Hal{e­

HHe Sm. 
5 . ECJIH ycJIOBHH n. 4 He BhITIOJIHHJIHCh, TO 

rrpoaomrncH aHaJIH3 BbI60pKH )lJIH BhI}J.eJieHHH 

BHYTPeHHHX BhI60pOK 11 nn. 1.. .4 IlOBTOpH­

JIHCb )lJIH Ka)K)lOH BHYTPeHHeH BbI6opKH. 

6 . EcJIH □pH )laJibHeHrneM BbI.l(eJieHHH BHyr­

peHHHX Bbl6opOK He o6ecne'-IHBaJiaCb TIOJIHOTa 

Ha6opa 3KCrrepHMeHTOB, TO }J.JljJ paccMaTPHBa­

eMOH BbI6opKH a Ka'IeCTBe rrorpernHOCTH rrpH­

HHMaJJOCb 3HatJeHHe JIH60 s~rn, JIH60 S, □pH 
KOTOpOM .UOJIH BbIXO)la OTpHUaTeJihHhlX OTKJ10-

HeHHH 3a 95 % )lOBepHTeJibHbIH HHTepBan He 

npea1,1wana 2 ,5 %. 



7. EcmI ,ll,OJUI BblXO,ll,a OTpHUaTeJlbHblX OTKJlO­

HeHHH 3a 95 % ,ll,OBepHTeJlbHblli HHTepBaJJ 

npeBbllllaJJa 2,5 % B 06011x c11yqrurx IT. 6, TO B 

KaqecTBe JleBOH rpaHHUbI 95 % ,ll,OBep11TeJ1b­

HOro HHTepBaJJa npHHHMaJJOCb MaKCHMaJJbHOe 

OTpHI..{aTeJlbHOe OTKJJOHem1e (- min). 

B Ta6Jl. 6 ... 12 npHHSITaSI norpelllHOCTb 

nporpaMMbl XT26 JlJUI OT)leJlbHblX BbI6opoK 

BbI,ll,eJJeHa )l(HpHblM IllpH<l>ToM. IlpoqepK ,l),JUI 

HeKOTOpbIX napaMeTPOB 03HaqaeT, qTO OTcyr­

CTByeT ITOJlHOTa Ha6opa 3KCnep11MeHTOB HJIH 

He Bbll10JlH51eTCSI, no KpaifHeii Mepe, O,ll,HO H3 

ycJJOBHH onpeneJJeHJ151 HOpMaJJbHOCTH pacnpe­

.ueneHHSI, rrepeqHcJJeHHbIX s pa.3.n,ene 2. 
B Ta6JI. 6 rrp1rne.ueHbI CTaTHCTHqecKHe rra­

paMeTPbI )lJlSI 3-x BbI6opoK, BbIHeCeHHbIX 113 

o6w:eif COBOKynHOCTH 3KCnepHMeHTOB. IlpH 

nepsoHaqaJJhHOii BepmpHKamrn nporpaMMbI 

XT26 [9] Bb16opKa INT He Bbl.lleMnacb, TaK 

KaK 66JJbIIIM qaCTb c6opOK B 3TOH BbI60pKe B 

cBoeM cocrnse HMeeT opramrqecKHii 3aMe.n,nH­

Tefil, a 11 6eH~apK Mo.n,e11e11 np11se.n,eHbI K 

6eCKOHeqHOH cpene npH HeoqeBH.IllfbIX, c Ha­

meH TO~H 3peHmr, TeopenrqecKHX pacc~.n,e­

HHSIX. 

Heo6XO.llHMOCTb OT,l),eJlbHOro pacCMOTPe­

HHSI CHCTeM C npoMe)KyrOlJ.HbIM cneKrpOM 

HeHTpOHOB npH o6oCHOBamrn SI,llepHOH 6e3-

onacHOCTH Ha A3C c BB3P .llHKTyeTc.sr HaJIH­

qHeM B HOBbIX npoeKTax A3C YCTPOHCTBa no­

KaJJH3aUHH pacnnasa, pa3MemaeMoro rro.n,­

KopnycoM peaKTOpa. C yqeTOM HenOJIHOTbI 

Ha6opa 3KCnepHMeHTOB 3TOro THI.Ia .llJUI rrpor-

paMMbI XT26 npHHSITa HaH6oJJee KOHCepBaTH­

BHaSI oueHKa norpelllHOCTH. 

B Ta6Jl. 7 rrp11Be.lleHbl CTaTHCTHqecKHe na­

paMeTPbl ,l),JISI BbT6opKH scex 3KCnepHMeHTOB 

6e3 3-x Bb[.lleJleHHbIX THIIOB H OT,ll,efilHO )lJUI 

3KCnepHMeHTOB C IIJlyTOHHeM (TT. l H 6) H 

ypaHOM, BKJll01-JaSI 
233U (TOMa 2 ... 5). Ha pHC. 3 

np11senetto pacnpeneJJeHHe CTaHnapTH30BaH­

HhlX OTKJlOHeHHH .llJlSI Bcex 3KcrrepHMeHTOB 

6e3 3-x BbI)leJJeHHblX THITOB, KOTopoe cpaBHH­

saeTCSI C HOpMaJJbHbJM pacnpe.lleJJemreM ( OT­

MeqeHo IIyttKTH.pHOH JlHHHeH). 

Heo6xO.llH.MO ttanoMHHTh, qTo pacnpe.n,e­

nemre CTaH.n,apTH30BaHHblX OTKJIOHeHHH CTPO­

l1TCSI OTHOCMTeJlbHO cpe.llHero CMeru;eHHSI, a 

norpeIIIHOCTM IIC H 3HaqeHJ,U£ (- 895) np11Bo­

.llSITCSI B Ta6rr11uax OTHOCHTeJibHO HyJleBoro 

CMemeHHSI. Ilo3TOMY ,ll,OJlSI BblXO,lla 3a 95 % 
,ll,OBep1neJ1bHblli HHTepBaJJ B Ta6.JIHl(aX MO)KeT 

He COOTBeTCTBOBaTb pHCyttKaM. 

YpoBeHb 3HaqHMOCTli HOpMaJlbHOCTH pac­

rrpe.lleJlemrn 30 % np11 pacqeTe rro nporpaMMe 

XT26 ,ll,JlSI Bcex 3KcnepaMeHTOB o6ycrrOBJleH B 

3Ha'IBTeJibHOii cTeneHH c~eHHeM pacnpene­

neHHSI OTHOCHTeJibHO HOpMaJJbHOrO Ha rrono­

BHHe BbICOTbI pacrrpe.lleneHHSI. TaKaSI neq>op­

MaUHSI pacnpe.n,-e11eHJ1SI MO)KeT 6hITb o6ycnoB­

neHa ni,r6o nepeHaCTPOHKOH rrporpaMMhI a ee 

KOHCTaHTHoro o6ecneqemur npH pacqeTe pa.3-

JIHqttbIX THIIOB 3KCnepHMeHTOB, 111160 OT6o­

poM 3KCnepKMeHTaTopaMH "xopOillHX" COCT0-

51HHH H3 60JlbI11ero 'IBCJla 3KCIIepHMeHTaJlb­

HblX COCTOSIHHH npH Il0.llr0TOBKe MaTepHaJJOB 

,llJUI c6opHHKa 6eaqMapK 3KCIIepHMeHTOB. 

T 6 a JlHUa 6 C 6 TanteTH4eeK.He napaMeTpbl AIi.Si Bbl opoK 
' ' 

11 ALL ORG £NT ZPR 
- ALL ORG INT ZPR 

f1apaMeTpbt 
XT26 Bee XT26 Bee XT26 Bee XT26 Bee 

u,% 3 66 - - - - - -

Sm (- 095), % 
0,61 0,65 

- - - - - -
(3,5) (5,5) 

s .. n(-095),% 
0,81 0,89 - - - - - -
( 1,7) (2,8) 

S(- 095), % 
0,92 0,99 1,50 1,33 1,94 1,80 1,89 1,64 
(1,4) (I ,8) (0,4) (1,0) ( 1,8) (0,8) (0,0) (6, I) 

J,% 0,32 0,06 0,85 0,62 0,00 -0,05 1,40 0,70 
(- min/2), % 2,5 3,1 1,7 1,7 2,5 3,1 0,3 2,4 
lfaeno 3KC-

3 066 4 275 281 391 I I 0 218 20 33 
nep11MeHT0B 
411eJ10 

3 066 25 751 281 2 302 I IO I 154 20 370 
pae4eToB 

37 



,....... 

T 6 a JIHUa. TaTHeTHlfeeKHe napaMeTJ)bl ,IJ,JUI Bbl OP0K 7 C 6 - t, UH ALL 3 P U 

ITapa~1eTpb1 
ALL-3t 

XT26 Bee 
ll, % 30 98 

Sm(-095),% 
0,53 0.62 
(3,6) (6,l) 

S""(- 895),% 
0,62 0,75 
(2,1) (3,7) 

S(-895), % 
0,75 0,86 
(0,6) (2,0) 

cf ,% 0,27 0,04 
(- min/2), % 1,1 2,35 
4HeJJO 3KC-

2 655 3 633 
nepHMeHTOB 

l{i,ie110 
2 655 21 925 

paeYeTOB 

ITpw no,no6HhIX ,necpopMau.m1x pacnpe,ne­
JieHHH HeJib3H HCKJIIOllaTb H cy6beKTHBHblH 

cpaKTOp, KOTOpbIH MO)l(eT B03HHKHyrh npw OT­

Jia,nKe HCXOAHbIX liaHHblX. ,ll.OBOJibHO ':13CTO 

orna.zn<a 3aKaH':II1BaeTcH, KOr.L{a pe3yJihTaT pac­
lleTa xopowo cornacyeTc.sr c JKcnepwMeHTaJib­
HOH ou.eHKOH KJ<!>, HO He Bee MeJIKHe norpew­
HOCTH B HCXOAHblX ,naHHblX ycTpaHeHbI. ,lJ.JI.sr 
ycTpaHeHHH JTOro 3cpcpeKTa tteo6xo,n11Mo no 
B03M0)1(H0CTH aBTOMaTH31ipOBaTb noJJ,rOTOBKY 

HCXOAHbIX ,naHHbIX, no KpaHHeH Mepe, Allil 

BepOJITHOCTb, 

0TH. CJl. 

Pu u 
XT26 Bee XT26 Bee 

< I 71 80 99 
0,76 0,72 0,42 0,57 
(0,7) (3,8) ( 11 ,0) (6, I) 
0,76 0,84 0,54 0,71 
(0,7) (3,0) (1,8) (3,6) 
0,87 0,95 0,68 0,83 
(0,6) (1,6) (0,7) (2,9) 
0,28 0, 14 0,26 - 0,25 
1,1 2,35 1,1 2,0 

863 I 024 I 792 2 609 

863 6 253 I 792 15 672 

60JiblllHX cepHH OAHOTHnHbIX 3KCnepHMeH­
TOB. 

C~eHHa.sr cpopMa pacnpe.neneH11.sr Ha6mo­
,naeTcH npH nocTpoeHH:11 CTaH,napTH3OBaHHbIX 
pacnpe,neneHHH H no ,npyrHM nporpaMMaM, 
.nn.sr KOTOpbIX paCC':IHTaHa ,noCTaTO':IHO nOJIHM 
BhI60pKa 3KCnepHMeHTOB. ITpw 3TOM .nwcnep­
CHH pacnpe,neJieHHH OTHOCHTeJibHO cpe,nHero 
cMemeH11.sr no .npyrHM nporpaMMaM ttecymec­
TBeHHO OTJIHqaeTC.sJ OT ,nwcnepCHH ,nnH npor­
paMMbl XT26. 

- Beene 
- • HopManbHOe 

f-------------tt«1+--'ll-----~-XT26 

- 4 - 3 - 2 - I 0 2 3 4 

CTaH.Uapn130B3HHblC 0TKJl0HeHHJI 

PHC. 3. Pacnpe.ne11eH11e CTaH.napTH30BaHliblX OTKJlOHeHHH np11 pac4eTe scex 3KCnepHMeHTOB Kp0Me 3-x 
Bbl.D.eJJeHHblX THnOB 
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BepOllTHOCTb, 

0TH. e)l. 

- 4 - 3 - 2 - I 0 

-BceflC 
• • HopMaJJbHOe 

- XT26 

2 3 4 

CTaHJlapTH3083HHble OTKJlOHeHHll 

P11e. 4. Paenpe,ueneH11e ernH,napT1130BaHHblX OTKJlOHeHHH npH paeYeTe Bcex 3KCnep11MeHTOB e nnyrott11eM 

3aMeTHOe OTJUP.Hte Ha6mo)laeTC.H s cpe)l­

HID{ CMeIUeHJoUIX, qTO o6ycJIOBJieHO pa.3HbJMH 

uemlMH, npecJie)lyeMbIMH npH HaCTJ)OHKe 

nporpaMM H HX KOHCTaHTHOro o6ecneqeHHR. 

,ll.JIR COBOKj'IIHOro pacnpe)leJieHIDI no 60Jib­

lllOMY q11cJiy nporpaMM npOHCXO)l.HT crna)KH­

saHHe pacnpe)leJiemur u np116mrnceHHe ero K 

HOpMaJihHOMY pacnpe,ueJieHHIO, HO C 60JibllleH 

(Ha HeCKOJibKO )leC.HThIX npoueHTa) ,llHCIIepcH­

eH. CTaH,uapTH3aUHR pacnpe,ueneHMH no3so­

JI.HeT nerKo cpasttusaTh Me:>K,uy co6oH pacnpe­

)leJieHH.H C pa.3JIHl:lHhlMH ,llHCnepCHRMH H cpe.u­

HHMH CMeIUeHlUIMH. 
Ha pHc. 4 npHse,ueHhI crnH,uapnnosaH­

Hhie pacnpe)leJieHHR npH pacqeTe 3KcnepH-

MeHTOB C TTJiyTOHHeM H3 TT. 1 H 6. Pacnpe,ue­

neHIDI HMeIOT HeCKOJibKO 3Hal:lHMhlX MaKCHMY­

MOB, qTO CBH,lleTeJibCTByeT O Ha.JIBl:lHH B Bhl-

6opKe HeCKOJihKHX THTTOB 3KCnepHMeHTOB C 

pa.3Hb1MH cpe,UHHMH CMeruemrnMH. 

B Ta6JI. 8 H 9 rrpHBe)leHbl CTanICTHqecKHe 

napaMeTJ)hl no ,UHcpcpepeHQHaJibHblM BhI6op­

KaM 3KCnepHMeHTOB C IlJiyTOHHeBhlM TOTTJIH­

BOM. )loCTaTOW)'lO TTOJIHOTY 3KCnepHMeHTOB 

IIO COBOKynHOCTH scex pacqeTOB MO:>KHO OT­

MeTHTb TOJihKO ,UJIR paCTBOpHbIX c6opoK c 

TTJiyTOHHeM. Ho H B 3TOM crryqae Ha6mo,uaeT­

CR pa.3)leJieHHe cpe,UHID{ OTKJIOHeHHH Ha )lBe 

BbI60pKH. 

T a6nuua 8 . CrnT11eT11YeeK11e napaMeTJ)bl )])lll Bbl60POK Tl , T611 1 - A T 6 F ST 

ITapaMeTpb1 
Tl T6 T16-FAST 

XT26 Bee XT26 Bee XT26 Bee 

u, % 2 71 - - - -

Sm(- 895),% 
0,74 0,68 

- - - -
(0,2) (2,2) 

SMn(-895),% 
0,84 0,82 

- - -
(0,0) (1 ,4) 

-

S (- 895), % 
0,93 0,92 0,74 l ,01 0,76 1,07 
(0,0) (0,8) (1,0) ( 1,2) (1,9) (3,4) 

- 0,49 0,26 - 0,17 - 0, 17 - 0,26 0,01 d '% 
(- min/2), % 0,75 1,45 I, l 2,35 1 , I 2,35 
1-IHeno 3Kcne-

583 687 280 337 105 174 
pHMeHTOB 
Y11cno pacYeTOB 583 4 461 280 I 792 105 I 167 
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Ta 6 JI u ._. a 9. CTarncT111-1ecK11e napaMeTpbt ,LI.JUI Bbt6opoK Tl-SOL, Tl-SOL(REF), 
T 1-SOL(NOREF), T6-L W(MOX) 

Tl-SOL T 1-SOL(REF) 
Tl-

T6-LW(MOX) 
TlapaMeTPbt SOL(NOREF) 

XT26 Bee XT26 
u,% 3 71 65 

S111(- 895), % 
0,79 0,74 0,77 
(0,0) (0,4) (0,0) 

SMn(- 895),% 
0,86 0,82 0,84 
(0,0) (0,3) (0,0) 

S(-895) % 
0,95 0,92 0,92 
(0,0) (0,2) (0,0) 

cf,% 0,60 0,32 0,52 
(- min/2), % 0,75 1,0 0,7 
1-IHCJlO )KC-

523 580 401 
nep11MeHTOB 
'-IHCJlO 523 3 791 401 
paclleTOB 

EcJIH )lilll BbI60pKH c6opoK C o-rpa)KaTe­

JieM IIOJIHOTa Ha6opa 3KCrrep11MeHTOB He Bbl-

3bIBaeT coMHemrn, TO )lmr c6opoK 6e3 o-rpa)Ka­

Tem1 IIOJIHOTbl HeT H Ha6JIIO)laeTCR 60JibIIIOe 

3asbIIIIeHHe pacqeTHhIX 3Hat.IeHHH K,cl> ornoc0.­

TeJihHO 3KCrrepHMeHTaJibHbIX oueHOK. Ilp11 

pacqeTe JierKOBO)lHhIX perneToK c MOX Ton­

JIHBOM, ttao6opoT, rrpeo6na.uaeT 3att11)KeHHe 

pacqeTHbIX 3Ha1:1eHHH K,cp. 
Ilocne,mrne 20 JieT KoppeKI(llil 6w6nHoTeK 

R)lepHblX )laHHblX B 3Haq],ITeJihHOH CTeaeHH 

cocpe)lOToqeHa Ha rrpo6JieMe H30Tonos rrrry­

TOHllil. B O)lHHX CJJy-'lMX YMeHbIIIaJOT IlOJI0-

)KHTeJibHOe CMem,eHHe Ha paCTBOpHbIX c6op­

Kax, B .upyr11x IlbITaIOTCR IIO}lIDITh pacqeTHbie 

3Ha'-!eHlUI .UJJR nerKOBO)lHbIX perneT0K c MOX 

TOilJIHBOM. B [ 4] 11 B Jlpyroii JIHTepaType MO)K­

HO 0TMeTHTb pe3yJJbTaTbl pac1:1eTa co cpe)lH11-

Ml1 CMeI..QeHIDIMH )lilll 3THX .usyx THilOB 3KCne­

pHMeHTOB Ha mo6oi1: sryc. 

O)lHaKO pa3HHUY Me)K)ly 3THMH CMem.eHH­

fillli noKa YMeHbIIIHTh He y.uanocb, eCJIH pac­

CMarpHBaTb )lOCTaTO'-IHO IlOJJHbie Ha6opb1 3KC­

nepHMeHTOB. IlpH Hac-rpOHKe nporpaMMbI 

XT26 H ee KOHCTaHTHOfO o6ecneqeHHR 6oJlh­

IllOe IIOJIQ)KMTeJibHOe CMeI..QeHHe )lJISI paCTBOp­

HbIX c6opoK 6e3 OTpa)KaTeJrn Il03BOJIHJIO c.ue­

JiaTb rrorpeIIIHOCTH pac1:1eTa o.uttoro nop.s:r)lKa 

.ll.illl scex OCTaJibHblX BbI60pOK B Ta6JI. 8 H 9. 
CaMO no ce6e II0JI0)1(11TeJibHOe CMeI..QeHHe 

Llilll nporpaMM, rrpe,n;Ha3Ha'-!eHHhIX .n.nR pacqe­

TOB B o60CHOBaHHe .s:r.n;epHOH 6e3orraCHOCT11, 

He SIBJIReTCSI cym.ecTBeHHbIM He,ll.OCTaTKOM. 
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Bee XT26 Bee XT26 Bee 
99 - - - -

0,78 
- - -

(0,5) 
0,78 

- - - -
(0,5) 
0,88 1,02 1,07 0,75 0,95 
(0,2) (0 0) (0,0) (0,0) ( 1,0) 
0,28 0,85 0,73 -0,26 - 0,53 
1,0 0,0 0,75 0,75 I , 1 

429 145 174 194 208 

2 859 145 1 047 194 I 034 

BepOSITHO, '-ITO H B )laJibHeif rneM TOJibKO 3a 

C'-!eT KOppeKQHH .s:r.uepRbIX ,UaHHhIX. ,ll.JlR H30TO­

Il08 IlJJYTOHllil He y.uacTCSI peIIIHTb npo6JieMy 

pa3JIHqHbIX cpe)lHHX CMeI..QeHHH B paCCMOT­

peHHI,IX BbI6opKax. 

Ha p11c. 5 np11se.ueHh1 pacnpe.ueneHHSI 

CTaH.uapTH30BaRHbIX OTKJIOHeHHH npH pacqe­

Te 3KCnepHMeHTOB C ypaHOBhlM TOilJIHB0M. Ha 

95 % .uosepHTeJlhHOM HHTepsane )lJIR 3TOro 

pacnpe.ueJieHIDI TPYAHO O.ll.H03HaqHo BbI)le­

JIHTb KaKHe-JIH60 JIOKaJibHbie MaKCHMYMbl. 

O,UHaKO B o6JiaCTSIX BhIXO)la 3a 2 CTaH,D,apTHblX 

OTKJIOHeHHSI Ha6JIIO,ll.aJOTCSI: Heperym1pHOCTl1 B 

pacnpe,D,eJieHMRX. 

B Ta6JI. 10 np11se.ueHbl CTaTHCTHqecKHe 

rrapaMe-rpbI no TOMaM C ypaHOBbIM TOIIJIHB0M 

H ,[{JIJI c6opOK C 6h1crpbIM crreK-rpOM Heif-rpo­

HOB H3 3THX TOMOB. MO)KHO OTMeTHTb, 'ITO 

npH pacqeTe 3KCIIepHMeHTOB C 6bICTI)hlM cne­

KTI)OM HeHTI)OHOB Ha6JIIO)laeTCR o6paTHOe co­

OTHOUJeHHe ypOBHeH 3Ha1lllMOCTH no pe3yJlh­

TaTaM pacqeTa no nporpaMMe XT26 H no sceM 

rrporpaMMaM OTHOCHTeJibHO 6oJiblllHHCTBa 

Jlpyrax BbI6opoK. 

Pacrrpe.ueneHHe CTaH,UapTH30BaHHI,IX OTK­

JIOHeHHH rrpH pac1:1eTe 3TOH BhI6opKH H IIO 

.n.pyrHM rrporpaMMaM TaIOKe 6J111)Ke K HOp­

MaJibHOMY pacnpe.ueneHHIO, qeM pacnpe.uene­

HHe no COBOKynHOCTH scex pacqeTOB. BepORT­

HO, 3TO CBSl3aHo C TeM, 'ITO .u11ana30H KOppeK­

UHH .s:r.uepHbIX )laHHbIX B o6JJaCTH BhICOKHX 

3Hepr11H npesocxo.n.HT seJIHtJHHY 11x Heonpe­

.n.eneHHOCTH, a 60JibIIIasi: pa3HJma B cpe.UHHX 



BepOl!THOCTb, 

0TH. e,u. 

-Beene 

l--------------i:t:i1"~--"ll---------t - - HopManbHOe 

- xT26 

- 4 -3 - 2 -I 0 2 3 4 

CTaH.napTHJOBaHHble OTKJlOHeHHll 

P11c. 5. Paenpe.D.enemte eTaH.D.apTli30BaHHblX OTKJTOHeHHH npH pacqeTe seex 3KenepHMeHTOB e ypaHOM 

CMememrnx He .uaeT IIOJl)"-IHTh rna,uKoe COBO­

KynHoe pacnpe.uenem1e. 

HaH60JJhlliHH BhlXO,ll 3a 95 % .uosepHTeJib­

HhIH HHTepsan OTPHJ.J.aTem,HhIX OTKJIOHem-1ii 

Ha6mo,uaeTCSI ,llJJSI TOMa 4, T.e. ,llJJSI 3KCnep.H­

MeHTOB c HH3Koo6orarueHHhIM ypattoM. E6n1,­
I11asr qacTb 3KCnepHMeHTOB B TOMe 4 npose.ue­

Ha C nerKOBO,llHhIMH peI11eTKaMH. KaK BH,UHO 

M3 Ta6JI. 11, 3Ha'!HTeJibHhIH BbIXO,ll OTPHUa­

TeJlbHbIX OTKJJOHelIBH 3a 95 % ,llOBepHTeJib-

Hl,IH HHTepsan o6ycJIOBJleH pacqeTaMH 3KCIIe­

pHMeHTOB HMeHHO 3TOfO TMrra. 

B Ta6JI. 11 ,llOIIOJIHHTeJJbHO BhI,lleJieHbI .use 

s1,16opKH C pa3HOH KOMIIOHOBKOH TB3JIOB. B 

O.ZlHY BhI6opKy (c MHKpoHeO,UHOpO,UHOCrnMH) 

BKmoqeHbl 3KCIIepHMeHThl C perym1pH1,IMH 

O,IJHOpO,llHhIMH perneTaMH, B KOTOpblX TOJlhKO 

OT,lleJlhHbJe TB3JII,I MOryr JaMeHSIThCSI HHOpo.u­

HbIMH 3JieMeHTaMH. Bo BTOp)'lO BbI60pKy ( C 

MaKpOHeO,UHOpO.UHOCTHMH) BKmoqeHbI 3KCIIe-

T 6 a JIHUa TaTHeTHl{eCKHe napaMeT Jbl ATHI Bbl OpOK , , , -10 C 6 T23 T4 TS T2345 FAST 

l1apaMerpbI 
T23 T4 TS T2345-FAST 

XT26 Bee XT26 Bee XT26 Bee XT26 Bee 

u, % 51 54 86 99 48 95 82 14 

Sm(-695),% 
0,49 0,63 0,38 0,50 0,64 0,99 0,52 0,44 
(4,2) (6,0) (4,8) (8,5) (2,6) (3 ,5) (2,5) (8,8) 

SM0 ( - 695),% 
0,64 0,72 0,42 0,62 0,60 1,04 0,57 0,73 
(2,2) (3 ,7) (3 , I) (6, I) (2,4) (2,8) (1,8) (3,3) 

S(- 695), % 
0,79 0,87 0,53 0,70 0,88 1,22 0,64 0,79 
(1,3) (2, I) (2,1) (3,4) (0,0) (1,9) (I , I) (2, 1) 

J % m' 0,29 0,11 0,21 - 0,09 0,43 0,32 0,30 0,02 
(- min/2), % l , I 1,9 0,8 1,9 0,9 2,0 0,9 1,8 
tIHeno 3Kene-

762 I 154 880 I 273 150 182 274 363 
PHMeHTOB 

4.HCJlO 
762 6 666 880 7 723 150 I 283 274 2 217 

paCl{eTOB 
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T a 6 J1 " u a 11. CTaTHeTH4eCKJ1e m,paMeTpbl .nmr Bb16opoK 3KenepHMeHTOB 
e JJerKOBOJ{HblMH JeWeTKaMH H3 TOMa 4 

TiapaMeTpbl 
T4-LW 

XT26 Bee 
u, % 96 97 

S,,,(- 895), % 
0,39 0,53 
(5,0) (I 0, I) 

S,m(- 895),% 
0,44 0,67 
(3,6) (6,0) 

S(-895), % 
0,55 0,75 
<1,6) ( 4,3) 

ci,% 0,20 -0,17 
(-min/2), % 0,8 1,9 
4J1eJJO 3Ke- 743 I 007 
nepHMeHT0B 
l.[11eJJO 

743 6 107 
pael!eT0B 

pHMeHTbl, B KOTOpbIX TB3Jlbl pa36HTbI Ha rpyrr­

IIbI H Me)K)];y rpyrrnaMH Moryr BKJIJOtJaTbCH 

pa3JIH'-IHbJe IIOfJI0THTem:1, B TOM lJHCJie H pa3-

6aBJieHHbie B Bo.ue. 

81,1.ueneHHe BbI60pKH C MaKp0He0,llH0po.u­

HOCTHMH .llOilOJIHHTeJibHO o6ycJIOBJieHO TeM, 

'ITO 60JibWHHCTBO H3 3THX 3KCrrepHMeHTOB 

npOB0,llHJI0Cb C ueJiblO M0,lleJIHp0BaHHH 

cpe.ucrn o6pamemrn c TOITJIHBOM. OOJiblllOH 

BbIX0.ll 0TpHUaTeJibHbIX OTKJIOHeHHH 3a 95 % 
.llOBep11TeJlbHblli HHTepBaJI o6ycJIOBJieH 3KCIIe­

pHMeHTaMH C MaKpOHeO,llH0pO.UHOCTHMH. 

Cpe,llH 3KCrrep11MeHT0B C MaKpOHe0.UHO­

p0.UH0CTHMH M0)KH0 TaroKe Bbl,lleJIHTb rpyrrrry 

3KcrrepHMeHT0B C 60JiblllHM cpe,llHHM 0TpHua­

TeJibHbIM CMerueHHeM - 3TO 3KCnepHMeHTbl C 

T4-LW(MIC) T4-LW(MAC) 
XT26 Bee XT26 Bee 

80 99 41 69 
0,38 0,47 0,37 0,66 
(1,5) (8,7) ( 11,5) (15,2) 
0,43 0,52 0,45 0,89 
(I, I) (7, I) (7,9) (6,8) 
0,55 0,62 0,53 0,94 
(0,4) (3,6) (5,7) (5,5) 
0,33 -0,11 -0,02 -0,36 
0,65 1,2 0,8 1,9 

464 687 279 320 

464 3 990 279 2 117 

pa36aBJieHHbIM B Bone ra.uonHHHeM (rn6n. 12). 
Ba)J<HO 0TMeTHTb, 'ITO BO MH0fHX cnyqa.srx OT­

pHUaTeJibH0e 0TKJI0HeHHe pactJeTa OT 3KCTie­

pHMeHTa 110 a6comoTHOH BeJIHlJHHe npeBhIIIIa­

eT peaKTHBHOCTb pa36aBneHHOfO ra.uomrnm1. 

Ha pHC. 6 npHBe,lleHhI pacnpe.ueneHHH OT­

KJIOHeHHH pe3yJibTaT0B pactJeTa no BCeM npo­

rpaMMaM 3KCIIepHMeHTOB C pa36aBJ1eHHbIM B 

B0,lle ra.uonHHHeM. 0T,lleJibHO paCCM0TpeHhI 

3KCIIepHMeHTbl C nerKOB0)lHbIMH peIIIeTKaMH 

H Ha paCTBOpHbIX c6opKax. BH.UHO, '-ITO CHTya­

UHH .um 3THX BbI6opoK 3KCnepHMeHT0B II0-

.uo6Ha 3KCnepHMeHTaM C nnyrottHeM, T.e. K0p­

peKUH$1 jl)lepHbIX .uaHHbIX H30T0il0B ra.uomi­

HHH He YIIYtJillHT pe3yJ1hTaTbI pactJeTa )lAA 

06e11x BbI6opOK O.UH0BpeMeHH0. 

Ta 6 J1 u u a 12. Crnrnern4eeK11e napaMeTpbr wu1 Bb16opoK BB3P 11 e6opoK 
e MaKpoHeOJ{HO0OJ{HOeTHMH 6 e3 ra,n0JJHHHH H e ra,A0JJHHHeM, pa3MewaHHblM B so.ne 

napaMeTpbl 
BB3P T4-L W(MAC), - GD T4-L W(MAC), GD 

XT26 Bee XT26 Bee XT26 Bee 
u,% 69 99 90 81 - -

Sm(- 895), % 
0,40 0,55 0,36 0,49 
(0,3) (4,2) (2,9) (6,4) - -

SMn(- 895),% 
0,42 0,53 0,37 0,59 
(0,0) (4,9) (2,8) (4,0) 

- -

S(-895), % 
0,54 0,64 0,44 0,65 0,73 1,61 
(0,0) (3, 1) (1,0) (3,6) (1,4) (13,7) 

d '% 0,37 - 0,16 0,16 -0,25 -0,53 -1,35 
(- min/2), % 0,4 1, I 0,5 1,9 0,76 1,9 
4HeJJO 3Kene-

305 340 206 247 73 73 
PHMeHT0B 
4.Heno 

305 2 208 206 I 663 73 454 
pacl!eT0B 
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OTKJJOHeHHJ! pac4eTa H 3KCnepHMeHTa 

P11c. 6. Pacnpe.ue11eH11e OTKJIOHeHHH np11 paC'-leTe no BCeM nc 3KCnepHMeHTOB C ra,UOJ111HHeM B nerKOBO,UHblX 

peweTKax 11 B paCTBOpHblX c6opKax 

TionoMy ,11:.rui: nporpaMMhI XT26 3Kcnepw­

MeHThI C JlerKOBO,D.HhlMH perneTKaMH npu Ha­

JIH'IHH pa36asJieHHOfO s BO,D.e ra,D.OJIHHIDI BhI­

HeCeHhl B OT,D.eJibHbIH KJiacc 3a,D.a'-I H ,D.llil 3TOfO 

Knacca npttmna Ha116onee KottcepsanrnHaj! 

oueHKa norpeIIIHOCTH nporpaMMbl. B BhI6op­

KY c p a36aBJieHHhIM ra)lOJIHHHeM nonano He-

B ep0llTH0CTb, 

0TH. en. 

CKOJihKO 3KCnepHMeHTOB C pa36aBJJeHHhlM B 

BO,D.e KammeM, TaK KaK xapaKTep OTKJIOHeHH:H 

npH pa36aBJieHHOM Ka,D.MHH MaJIO OTJJWJaeTCR 

OT OTK.10HeHHH ,lJ.Jlj! COCTORIDrn C pa36aBJieH­

HhlM fa,D.OJIHHHeM. 

B Ta6JI. 12 11 Ha pHC. 7 npHBe,D.eHhI pe-

3YJihTaThl o6pa6onrn pac'-leTOB nerKOBO)lHhIX 

1--------- - -----lt:':;1:t:1-t-r..----------, - Bee TTC 

- 4 -3 -2 - 1 0 

• • HopMaJJbH0e 

- XT26 

2 3 

CTaH.napTH30BaHHble 0TKJJ0HeHHll 

4 

P11c. 7. Pacnpe.ueneH11e cTaH.uapTH30BaHHblX OTKJIOHeHHH np11 pacYeTe 3Kcnep1-1MeHTOB c TonnHBOM BB3 P 
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perneroK c TOilJIHBOM BB3P. KaKMx-mr6o 

3HaqMMbIX oco6eHHOCTdi B CTanICTMqecKMX 

napaMerpax 11 pacrrpe)leJieHMHX .llJIH 3Toro TH­

na 3KCnepMMeHTOB OTHOCMTeJihHO scex nerKO­

B0.llHhIX 3KCaepMMeHTOB C MHKpOHeO.llHOpO)l­

HOCT.RMM He Ha6mo.11aeTC.R. Oco6eHHOCTh pac­

l!eTa 3THX 3KCnepMMeHTOB KaK no nporpaMMe 

XT26, TaK 11 IlO Ml-IOrHM )lpyrnM nporpaMMaM, 

COCTOMT B aBTOMannaUMM nO)lTOTOBKH HCXO)l­

Hh!X .llaHHhIX npH pacqeTe 6oJibIJJero '1.HCJia 

3KCnepMMeHTOB. 

Ilo3TOMY Ha6mo.11aeMb1e OTKJIOHeHH.R OT 

HOpManbHOfO pacnpe.D,eJieHIDI HeJib3.R 06b.RC­

HHTb cy6neKTHBHhIM cpaKTOpOM IIO)lfOTOBKH 

HCXO,[(Hl,IX )laHHbIX )lJI.R om1caHHH OT)leJlhHbIX 

3KCnepHMeHTaJibHbIX COCTOID!Irn. BepOHTHO, 

YTO npH OT6ope 3KCnepHMeHTaJibHbIX COCTOH­

H.HH C nerKOBO.llHblMH perneTKaMH .zvrn ny6nu­

KaQHH 6eHqMapK MO)leJieH s [ 4] Hepe)lKO npo­

HCXO)lHT OT6op 3THX COCTO.RHHH no pe3yJibTa­

TaM npe.D,sapHTeJihHhrx pacqeros no KaKoH­

mr6o nporpaMMe, HCXO.ll.R 113 ,ueTepMHHHCTH­

l{eCKOfO npe.11cTaBJ1emu1 0 TO'IHOCTH pacYeTa. 

Ha puc. 8 rrp11se)leHo .D,epeso norpernHoc­

Tei-i no peJyJibTaTaM MO)lenuposamUI 6eHq­

MapK 3KCnepHMeHTOB no rrporpaMMe XT26. 

TaM )Ke rrpHBe.lleHbI norpernHOCTH pacqern HJ 

[9], TIOJiyYeHHbie rrpH nepsottal!aJibHOH sepH-

INT 
51 % 

Pu 
84% 

2,50% 

0,76% 
(0,8 %] 

ALL 0,81 % 
72% 

ALL-3t 0,62 % 
73 % (0,8 %) 

<pHKau:1111 nporpaMMhI s 2006 r. Bee rrorpern­

HOCTH, oueHeHHbie s 2006 r., .RBJI.RJOTC.R KOH­

cepsaTHBHbIMH OTHOCHTeJibHO IIOCTBepHQ)HKa­

UHH, pe3yJibTaTbl KOTOpOH npHBe.lleHhI B Ha­

CTOfill{eH pa6oTe. 

3a1rn10qe1me 

.D:mi: HCIIOJih30BaHIDI norperrrnocTei-i s 

npaKT11qecK.HX pact.JeTax no nporpaMMe XT26 

KOMIIJieKca CAil<I>I1P-2006 npH o6ocHOBaHHH 

H)lepttoii 6e3orracttocTH Ha A3C c BB3P 11x 

uenecoo6pa3HO rrpHBH3aTh K KOHKpeTHhIM M0-

.11eJIHM. 

• .D:n.R IIlTaTHbIX COCTOHJIHH co CBe)l(HMH 

ypaHOBhIMH TBC B aKTHBHOH 30He peaKTOpa H 

s 6ecKOHelfHbIX MO.lleJI.RX ,RqeeK cpe)lCTB o6pa­

meHIDI C TOIIJIHBOM rrorpelllHOCTb He rrpeBbl­

rnaeT 0,4 %. 

• .D:JIH UJTaTHbIX COCTOHHHH co CBe)KHMH 

ypaHOBhIMH TBC B aKTHBHOH 30He peaKTOpa C 

60JibIIIHMH B0.llHbIMH IIOJIOCTHMH H B IIOJlHO­

MaCIDTa6HhIX MO)lemi:x cpe)lCTB o6pameHH.R c 

TOITITHBOM rrorpernHOCTh He npeBbIII.IaeT 0,5%. 

• IlpH o6e3B0)KHBaHHH ypaHOBOfO TOilJIHBa 

rrorpelllHOCTb He npeBbilIIaeT 0,6 %. 

• .D:JIH CHCTeM C TenJIOBbIM crreKTPOM HeHT­

pOHOB rrpH 3aMeTHOM BJlHHHHH Ha rrornorue-

ORG 
72% 

u 
69% 

1,50% 
(1,6%) 

054% 
(0,6 %] 

Tl 0,75 % 
85 % 

T6 0,74 % 
83 % 

TI2,3 0,64 % 
66% 

T4 0,53 % TS 0,60 % 
69% 82% 
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LW(MOX) 0,75 % 
93 % (0,8 %) 

Ha:3B8Hl1e BbI60pK11 norpewHOCTb 

,ll.om1 paCCYHTIIHHblX norpeWHOCTb 

)KCnepHMeHTOB e (9) 

LW(MIC) 
67% 

0,38% 
(0,4 %] 

MAC.Gd 
100% 

LW 
74% 

0,76% 

0,55 % 

MAC, - Gd 0,44 % 
83 % (0,5 %] 

P1-1c. 8. )],epeso norpewttoCTeH .um1 nporpaMMbl XT26 (6)], JlH<l>K-87/03) 



HHe H .ueneIDte H30TO□OB, y KOTOpbTX B o6nac­
TH 3HeprnH HH)Ke 1,0 3B 3aBHCHMOCTb ceqe­
HRH OT :meprnH cyruecTBeHHhlM o6pa.30M OT­
JIJ,fl-IaeTCjJ OT 3aKOHa o6paTHbIX CKOp0CTeH (3a­
KOHa "1/v"), HanpHMep, H30TOITbI ITJIYTOHHJI, 
ra,UOIDIHIDI, Ka,UMHjl, norpelUHOCTb He npeBbI-
111aeT 0,8 %. 
• IlpH pactJeTe rrpOH3B0JlbHOH KOHqmrypa­
UHH TOIIJlHBa, B TOM qJicJJe rrpH MO,Uen11pOBa­

mrn 3arrpoeKTHbIX aBap1111, norpemHOCTh He 
rrpeBhI111aeT 0,8 %. 
• IlpH pactJeTe TpaHCITOpTHbIX ynaKOBoq­
HbIX KOHTdiHepoB C .uepeBjJHHbIMH JIO)KeMeH­
TaMH B ycJJOBJ1j!X HOpMaJibHOH 3KCrrJiyaTatnrn 

(npH OTCYTCTBHH BO.Ubl) norpelUH0CTb COCTaB­
JUleT ~ 1,5 %. 
• IlpH pactJeTe ycTPoikTBa n0Kan113aum1 
pacnJJaBa norpelUHOCTb COCTaBMeT ~ 2,5 %. 

B pacqernx no rrporpaMMe XT26, peJynb­
TaThI KOTOpbIX HCllOJib3OBaHbl B HaCTQj!W:eH 

pa6oTe, KpoMe aBTopa nprrnHMaJIH yqacrne 
A .3 . 6op11ceHKOB, C.C. 3yeB, P.IO. HecTepeH­
KO, B.K. OCHITOB. Bee pe3yJihTaTbl CTaTHCTH­
qecKOH o6pa6oTKM, rrpHBe.ueHmie B pa6oTe, 
rroJJyqeHbl C IIOMOlllbl:O 6a3bl .uaHHbIX 

ASSEMBLY-II, BXO.Uj!wei:i: B rraKeT nporpaMM 
CAIIcf>HP. 
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CKB03HOH pac'-leT paJJ;HaUHOHHhlX xapaKTepHCTHK 

oTpa6oTaBwux TenJJOBhlJJ,eJunoI.UHX c6opoK BB3P-1000 

H.H Runze, E.</J. MumeuKona, H.B. HonuKon, 
11EPA3 PAH, 115191, MocKBa, EoJJhWaH Tym,CKM yn., 52 

IlocTymrna B pe,n:aKumo 11.05.20 IO r. 

Ilpe.ncTaBJTeHbl pe3ynbTaTbl CKB03HOrO paclfeTa pa.n11au,110HHblX xapaKTepHCTHK OTpa60TaBWero x.nepHO­
ro rnmrnsa BB3P- I 000. IlpoattanH3HposaHbl oco6eHHOCTH cpopMHposaH11.x HCT04HHKOB HeihpoHHoro H 
raMMa H3JTY4eHHH. PacCMOTpeHbl pacnpe.neneHHble 11CT04HHKH H3JTY4eHHH HeCKOJlbKHX THnOB. Ilpose.neH 
cpaBHHTeJTbHblH aHanH3 paClfeTHblX pa.n;HaUHOHH.blX xapaKTepHCTHK np11 HCnOJTb30BaHHH x.nepHO-cpH3H-
4eCKHX .naHHblX H3 pa3JIB4HblX ENDF/8 H EAF cpai1nos 11 cTaH.napTOB ANSI (American National Standards 
lnstitute)/ANS (American Nuclear Society) H ICRP (International Commission on Radiological Protection). 

KJ11011eeb1e cJ1oea: BB3P-IO00, oTpa6ornswee ll.n;epHoe TOnn1-1so, CKB03HOH paclfeT, HCT04HH:K HeHTpOH­

Horo H raMMa H3JTY4eHHH. 

Coupled Calculation of Radiation Characteristics for VVER-1000 Spent Nuclear Fuel. I.I. Linge, 
E.F. Mitenkova, N. V. Novikov, Nuclear Safety Institute of the Russian Academy of Sciences, 52, Bol'shaya. 
Tul'skaya St. , Moscow, lJ 5 JJ 9. 

The calculation results of spent nuclear fuel radiation characteristics are represented for VVER-1000. The 
features of neutron-gamma sources configuration are analyzed for different distributed sources. The compara­
tive analysis of the radiation characteristics is carried out using the nuclear data from various ENDF/8 and 

EAF files and ANSI/ANS and ICRP Standards. 
Key Words: VVER-1000, Spent Nuclear Fuel, Coupled Calculation, Neutron and Gamma Radiation 

Source. 

BeeJJ:eHHe 

Ilpopa6oTKa BorrpocoB o6ecneqemui: 11 06-

0CH0BaHIDI: 6e3orracHOCTH npH o6pameHHH C 

OTPa60TaBll.lHM H,uepHblM T0IIJJHB0M (05IT) 
ocymecTBJJHeTCH rJJaBHbIM o6pa30M pacqeT­

HblM cnoco6oM. Oco6yro 3Ha'lliM0CTb Il0Bbl­
llleHHe ToqH0CTH pacqeTH0r0 aHam-13a pam,rn­

UH0HHbIX xapaKTepHCTHK np1106peTaeT ,LlJlj{ 
O5IT C YBen11qeHHblM ypoBHeM BhITopamui: H 

H0BblMH BH,UaMH T0IIJIHBa. TOqttOCTb nporH0-

3Hp0BaHIDI: pa,uHauH0HHbIX rrapaMeTP0B T0II­
JlHBa H pa,uHaUHOHHOH o6cTaHOBKH npH o6pa­

meHHH C O5IT B 3HaqHTenhHOM CTeneHH onpe­

.uenHeTCH pacqeTHhIMH M0,UeAAMH, 3aBHCHll.{H­

MH OT nonH0Tbl paccMaTPJrnaeMbIX HCT0qHH­

K0B H3JI)"IeHHM, H H,llepHO-q>H3HqecKHMH ,uaH­

HbIMH, npe,UCTaBJieHHbIMH B q>awnax oueHeH­

HbIX H,LlepHbIX ,uaHHhIX, peK0MeHJJ,0BaHHbIX 6H-

6nHOTeKax, JJ,0KYMeHTaX Me)l()lyttapo,llHbIX K0-

MHTeTOB ICRP H ,up. [I]. 
B paMKax CKB03H0ro pacqern pa,UllaUH-

0HHbIX xapaKTepHCTHK OTPa6ornBurnx TBC 

(OTBC) BB3P- l 000 rro nporpaMMHOMY K0M­

nneKcy MONTEBURNS-MCNP5-ORIGEN2 
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[2 ... 4] C npHMeHeHHeM crreuHanH3HpoBaHHhIX 

6116rrHOTeK H,llepHO-q>H3HqecKHX ,uaHHhIX, 

c<f>opMHpoBaHHhIX Ha 6a3e ENDF/B H EAF 

q>aHJIOB [5 ... 7], peweHbl CJieJJ,y'lOIUHe 3a,uaq11: 

1. pacqeT H3oTOnHoro cocTaBa OTBC c UO2 

T0IIITHB0M BB3P-l 000 .uJlj{ BhrropaHHM .uo 

90 MBT·cYTIKr; 
2. q>OpMHpOBaHHe r- H n-HCTOl1HHK0B B co­

CTaBe 05IT Ha 0CH0Be H30T0ilH0ro C0CTaBa 

OTBC; 
3. aHanH3 oco6eHHOCTeM (n-y) HCTOqffHK0B C 

TOqKH 3peHIDI: HX reoMeTPHqecKHX napaMeT­

poB; 
4. Hccne.uoBaHHe pa3nHqHhIX THn0B pacrrpe,ne­

neHHhrx HCTO'ilillK0B H3nyqeHHH; 

5. aHaJJH3 cnemrcpHKH HCII0Jlh30Bamrn K03q>­

q>HUHeHTOB nepeB0,Ua Il0TOKa q>OTOHOBIHeHT­
p0HOB B .Ll030Bble 3HaqeHIDI:. 

1. PacqeT u10Tonuoro cocraea OTBC 
e BB3P-1000 

PacqeT H30T0IIH0ro C0CTaBa o6nyqeHHOro 

T0IIJJHBa Ha pa3Hble MOMeHTbl no BblropaHHJO 

np11 Bhirp)'3Ke 113 peaKT0pa 11 ero nocne.uyi:o-



rueH BbI,llep)f(Ke HBJrneTCH 6a30BOH 3a,1iat.JeH 
np11 atta.11113e HJJ.epHo-pa,DJ1au110HHOH 6e3onac­
ttocrn o6'beKTOB c OTBC. Ecn11 JJ.JlH cTaHJJ.apT­
HhIX ypOBHeM BbirOpamrn JKCnnyan1pyeMblX 

5I3Y C TpaJJ.11U11OHllbTM TOflJ111BOM 1130TOilHbIH 

COCTaB Bbirp~aeMoro 11 BbJJJ.ep)f(aHIIOfO TOil­
JlHBa }lOCTaTO'-lHO xopowo H3BeCTeH [8], TO 
np11 YBenwieHHhlX ypOBHHX BbirOpaHHH H np11-

MeHemm HOBblX 811}].0B TOTIJlHBa Tpe6yioTCH 

}lOTIOJIHHTeJlbHbTe pac'lJeTbl. 
B 3TOH CBH3H c noMOlllhIO nporpaMMHoro 

KOMnJleKca MONTEBURNS-MCNP5-ORI­
GEN2 npoae}leHa anpo6au11H MeToJJ.a CKB03-
Horo paC'-leTa H)'KJlH}lHOro COCTaBa Tonmrna B 
BB3P- l 000 JJ.JIH crnu1101-1apttoro pe)f(HMa 
cpyttKUHOHHpoaamrn C 3a}laHHOH KOMrrneKTa­

uweH aKTHBHOH 3on1,1 11 cpeJJ.HHM a1,1ropamIeM 
~ 45 MBrcYTIKr U [9] . O6ocHoaaHH.e KOppeK­
THOCTH TaKoro MeTO}la CTpO11TC$1 Ha OCHOBe 

,1qee'-1Hb!X J,f peaKTOpHblX paC'-ICTOB C nocne­
JJ.YJOLU11M cpaaHeHHCM pe3yJlbTaTOB C penep­

HblMH }laHHbIMH }lCHCTBYJOlllHX 6JlOKOB 

BB3P-1000 [10]. 
B noaepO'-lHhIX pacqernx 11cnoJTb3YIOTCH 

CTaHJJ.apTHbie H'-lCHKH [ 11 ], 3a}laaaeMbie Ha oc­
HOBe nonHoMacnITa6HoH 3D MOJJ.eJlH TBC co 
BCCMH KOHCTp)'KTHBHblMH oco6eHHOCTHMH. 
HanpHMep, 3a}laeTCH "ropH'-laH" TBC c pa3Me­

poM "no}]. KJlJO'-l" 23,6 CM, COCTOHIIW'1 113 240 
TB3JlOB c 06orameH11eM Tonmrna 4,4 %, 66 
TB3JlOB C 06oramett11eM 4,0 % II 6 TB3f0B C 

ypaH-ra}lOJlHHHCBhIM TOflJlllBOM c o6orameHH­
eM 3,6 %. Ha 6a3e Ht.Jeet.JHhIX pact.JeToa onpe­
JJ.CJJHeTCH H30TOflHblli COCTaB TBC }lJlH BbITO­

paHiiH, COOTBeTCTBYJOIUHX 1, 2 11 3 ro}laM 3KC­
nnyaTaUHH, 113 KOTOpbIX cpopMHpyeTC'1 aKTHB­

Hcl$1 3OHa peaKTOpa. 

,[(mr aKTHBHOH 30HhI BB3P-1000 npoBo­
JJ.HTCH pact.JCT BhirOpaHHH B p e)f(HMe 4CTblpex­

fO}lH4HOfO TOTIJlHBHOro UHKJla. KoppeKTHOCTb 

}laHHOfO MeTO}la nO}lTBCp)f(}laeTCH pe3ynhTaTa­

MH aHaJJH3a O.5IT }lJlH BbirOpaHHH JJ.O ~ 45 

MBrcYTIKr U, BhIITOJlHCHHOro JJ.JlH pa3HhIX 
KOMnlleKTaUHH aKTHBHOH 30HhI BB3P-I 000. 
no TOH )f(C MCTO}lHKe npoae}lCHbJ pac'-lCTbl }lJlH 

BhirOpam1ii ~ 90 MBrcYTIKr U [9]. TTp11Mep 
KOMnneKrnu1111 OJJ.HOH H.3 pac'-leTHhIX TBC c 
OCHOBHbIMH xapaKTepHCTl1KaMH np11ae}leH Ha 

pHC. 1 a COOTBeTCTBHH c }laHHblMH [ 11 ]. 

Puc. I ... 6, 8 ... 14 no,iteU{eHbl Ha 2 .. .4 cmp. 
z1een1Hoii 6/GWOKLI. 

OcnoBHbre 2eoA1empu'-leCKt1e xapaKmepucmuKu 
TBC u me311oe BB3P-1000: 

• KOJIH'-leCTBO TB3JlOB ( c TBJraMH) a TBC 
-3 12 

• war pa3Mememrn/attewHHM JJ.HaMeTp TBJ-
noa, CM - 1,275/0,91 

• pa3Mep "no}]. KJl!Ot.J"/abJCOTa TOnJJHBHoro 
CTOJ16a, CM -23,4/353 

• KOJlHt.JecTao HK - 18 
• ttap~Hh!HIBHYTpeHHl1H JJ.HaMeTp HK, CM 

- 1,26/ 1,09 

• Macca TH)f(eJibIX HJJ.ep 3arpy)l(aeMoro Ton-
n11aa Ha l TBC, Kr - 436,6 

XapaKmepucmuKu OflT BB3P-1000. 
MeTO}lHKa cpopMHpoaaH11H (n-y) HCTO'-lHHKOB 
O5IT BB3P-1000 npeJJ.cTaaJieHa JlllH Tonmrna 
c BbiropaHHeM 61, 1 MBrcYTI Kr U, paccMaT­
p11aaeMhIM B Ka'-leCTBe cpe,l{Hero BbirOpaHH$1 B 

nepcneKTHBHhIX peaKTOpax nma BB3P. 
3Ha'-leHH'1 aKTHBHOCTH o6nyqeHHOro UO2 

TonJ111aa OJJ.HOH TBC (06orame1rne 4,4 %) npn 
Bhlropamrn: 61, 1 MBT·cYTIKr 11 apeMeHax Bhl­
JJ.ep)l(KH 6onee 10 CYT npeJJ.CTaBJTeHb] a Ta6Jl. 1 
11 2. Cn11coK 113oTonoa, BHOC$1LUHX OCHOBHOH 
aKJlaJJ. a C)'MMapttyIO aKTHBHOCTh OTBC co 
apeMeHeM Bbl}lep)l(KJ,I 6onee l O CYT (98, 7, 
99,4, 99,5 11 99,4 % }lJlH )'Ka3aHHblX apeM.eH 
BbJJJ.ep>KKH), }lOCTaTO'-lHO orpaH.Ht.J:eH. Ha pHC. 

2 11 3 npHBe}leHbl HHTerpaJJbHbie aKTHBHOCTH 

o6nyqeHHOrO Tonmrna }lJIH pa3llH'-lHblX BhlfO­
paHHH H apeMeH Bb!JJ.Cp)KKH. 

¢aHJlbI oueHeH!lblX H}lep1-10-cp113Ht.J:eCKHX 

JJ.aHHbIX a cTaHJJ.apTHOM cpopMaTe ENDF/B, 
ccpopMHpoaaHIIbie a HaUHOHaJlbHhlX Jia6opa­
TOpHHX BenHK06p11rntt1111, K11TaH, Pocc1111, 
CWA, .5Ino1-11111, MOfYT coJJ.ep)l(aTh cymecT­
ae1-111O pa3Hhle }laHHbie }lJlH pH.Ila H)'KJlHJ].O8. 

PacnpocTpattj{eMbie noJJ. JrnJJ.OH MAr A­
T3 ENDF/B cpaHJihI He HMeIOT 3apattee BhJJJ.e­
JieH11hIx npeJJ.TIO'-lTCIIHH, '-lTO }lenaeT Heo6xo­

}l11Mh!M nptt peweHHH KOHKpeTHhlX 3a}la'-l npo­

ae}leHHe noaepO'-lHhIX pac'-ICTOB }lJlH OUCHKH 

3HalJHMOCTlf 11CflOJlh3yeMbIX H3OTOnOB 11 aHa­

JTH3a '-lYBCTBHTeJlbHOCTH pe3yJibTaTOB K HJJ.ep­

HO-QJH3l1lJeCKHM }laHHbIM 3THX H3OTOTIOB. 8 
Ta6Jl. 3 npttBe}leHbl pa}lJ-laU.HOHHble xapaKTe­
pHCTHKH aKTHHOH}lOB H npOJJ.)'KTOB AeJTeHH~ 
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Ta 6 Jl II u a 1. 0THOCHTeJlbHblH BKJla,LJ. 1130T0n0B (%) B cyMMapHylO aKTHBH0CTb )]JI.SI pa3HbIX 
OTBC 61 1 MB / BB3 P 1000 speMeH BbI,D.e J)KKH np11 

' 
T"CYT,Kr B -

HyKJlH,D. 10 CYT 100 cyr I ro.n. 10 JleT 1-IYKJJH,D. 10 CYT 100 CYT I ro.n. 10 JleT 
92_231u 2,07 0 0 0 52-132Te 1,59 0 0 0 

93_2JsNp 0,46 0 0 0 52-12SmTe 0 0 0 0,18 
93_239Np 17.64 0 0 0 52-127Te 0,21 0, 14 0,12 0 

94-238Pu 0 0 0,14 0,79 52_ 121111Te 0 0,14 0,13 0 

94-241 Pu 0,61 1,74 3,61 16,72 52-129Te 0,17 0,20 0 0 

95-241 Am 0 0 0 0, 17 52-129mTe 0,27 0,30 0 0 

96-242Cm 0,32 0,75 0,90 0 55-137Cs 0,54 1,53 3,21 16,64 

96-244Cm 0 0,14 0,28 1,38 56-1 37msa 0,51 1,45 3,04 15,74 

36-085Kr 0 0,14 0,28 1,20 56-140Ba 4,02 1,00 0 0 
38-os9Sr 2,10 3,23 I, 1 I 0 57-140La 4,57 I, 15 0 0 
38-090Sr 0,34 0,98 2,04 10,55 58-141Ce 4,62 5,05 0,63 0 
39_090y 0,35 0,98 2,04 10,55 58-143Ce 0,37 0 0 0 
39_091y 2,98 4,99 2,19 0 58-144Ce 4,01 10,25 15,68 1,64 
40-095Zr 4,64 8,14 4,09 0 59-143Pr 3,88 1, 12 0 0 

41-095Nb 4,90 11,70 8, 10 0 59-144Pr 4,01 10,25 15,68 1,64 

42-099Mo 1,64 0 0 0 59_I44mPr 0 0,12 0, 19 0 
43_099mTc 1,64 0, 16 0,32 0,64 60-147Nd 1,51 0,26 0 0 

44-103Ru 5,31 6,84 1,39 0 61-147Pm 0,61 1,73 3,33 5,83 

44-106Ru 2,65 6,95 11,43 2,99 61-I48pm 0,33 0 0 0 
45_103mRh 5,25 6,77 1,38 0 61-148mpm 0,10 0,14 0 0 
45_1 osRh 0,47 0 0 0 61-149Pm 0,44 0 0 0 
45_I06Rh 2,65 6,95 11,43 2,99 62-153Sm 0,36 0 0 0 

47_llOmAg 0 0 0, 13 0 63-154Eu 0 0, 19 0,40 1,59 
47_111Ag 0, 18 0 0 0 63-155Eu 0 0 0 0,25 

51-125Sb 0 0,20 0,39 0,72 63-156Eu 1,16 0,43 0 0 

51-127Sb 0, 16 0 0 0 

T a 6 JJ u u a 2. AKTHBHOCTb O.D.HOH OTBC BB3P- l 000 B 3as11c11Mocrn 
OT BbiropaHH.SI J,I speMeHH BbI,LJ.ep)KKH 

8b1ropaH11e, AKTHBHOCTb, OK 
MBrcyr/Kr dT1 .,11 = 10 cyr dTBbl/J. = I 00 CYT dT1.,a= I ro.n. dT • .,a = I O neT 

15,32 4.836 E+ l 7 1.560 E+ I 7 5.387 E+16 4.583 E+l5 

30,56 5.220 E+l 7 1.775 E+ l7 7.241 E+l6 9.069E+l5 

45,84 5.498 E+l 7 1.905 E+ l 7 8.501 E+ l6 1.302 E+l6 

61 ,10 5.700E+l7 1.999 E+ l 7 9.464 E+ 16 1.646 E+16 

76,28 5.910E+ l7 2.078 E+ 17 1.026 E+ l7 1.954 E+16 

91 ,45 6.041 E+ l7 2.151 E+ l7 1.094 E+ l7 2.237 E+16 
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T 6 a JI HU a 3 p a)].HaUHOHHble xapaKTepHCTHKJ,f HYKJlH.l].O8 113 JEFF3 I 

HyKJ1HJl, NcµlracnaJJ. 
Ecp/pac-

ErJ>, 3B HyKJlHJl, NJpacnaJJ, 
Ecp/pac-

E4i, 38 naJJ,, 38 naJJ., 3B 
94-mPu 4.783£-4 2.62E+I 5.48£+4 47_1 IOmAg 3.234£+0 2.76E+6 8.54£+5 

94_24'Pu 3.345E-6 4.24E-I I .27E+5 51_12ssb 9.142E-I 4.23E+5 4.63E+5 

95-241 Am 3.936E-1 2.24E+4 5.69E+4 52_12s"'Te 6.951 E-2 2.67E+3 3.84E+4 

96-242Cm 3.596£-4 2.O6E+I 5.73£+4 52-127Te I .246E-2 4.81£+3 3.86E+5 

96-wCm 2.859£-4 2.64E+I 9.23E+4 52_121mTe 6.046£-3 4.67£+2 7.73£+4 

36-085Kr 4.35OE-3 2.23E+3 5.13E+5 55-134Cs 2.229E+O 1.55£+6 6.95£+5 
38-os9Sr 9.56OE-5 8.69E+I 9.09£+5 55-137Cs 5.8OOE-6 l.64E+O 2.83E+5 
39_090y I .400£-8 3.O6E-2 2.186£+6 56-137m8a 9.OO7E-1 5.96E+5 6.62E+5 
39_091y 2.6OOE-3 3.13£+3 l.2O4E+6 58-141Ce 4.829E-1 7.O2E+4 I .45E+5 

4O-095Zr 9.892E-l 7.32£+5 7.4OOE+5 58-144Ce l.293E-I l .59E+4 1.23£+5 

4 l-095Nb 9.985£-1 7.64E+5 7.651 E+5 59-144Pr 2.358£-2 2.94£+4 l .25E+6 
43_099mTc 8.908£-1 l.25E+5 1.403£+5 6 l-141Pm 2.850£-5 3.45£+0 1.21 E+5 

44-103Ru 9.89OE-I 4.96E+5 5.O15E+5 63-154Eu 1,656 l.23E+6 7.43E+5 
45_10JmRh 6.9OOE-4 2.74E+l 3.971 E+4 63-155Eu 5.498E-I 5.O5E+4 9.19£+4 

45-106Rh 3.414E-1 2.O4E+5 5.975£+5 
NJpacnaJJ, - q11cJ10 qloTOHOB Ha I pacna,n, Ecp/pacnaJJ, - cpe.l].mu1 3Heprn~ cpoTOHOB Ha I pacna,n, 
E4i = Eci/ N4i 

H3 JEFF3.1 [7], BK.Jla.[J. KOTOpbIX B C)'MMapHYJO 

aKTIIBHOCTb Torrmrna c BbrropaHHeM 61, l 
MBT·cyr/Icr H BbI.D.ep)KKOH 6onee 1 ro,n:a 

npesbmiaeT 0,00 l % (rn611. 1 ). 
B Kaqecrne npHMepa cpaBHHBaJOTCH 3Ha­

qeHiill MOillHOCTH ,UO3bI OT 
144

Pr B pacqeTax no 

MCNP5 c 11cnonbJOBaH11eM H.D.epHbIX )laHHbIX 

H3 KOMilHJIHUHOHHbIX qJaHJIOB JEf2.2 [ 12] H 

JEFF3.1 [7]. B JEF2.2 H JENDL3.2 [13] 

OTCyrCTByeT BbICOKO3HepreTHqHaH y-JIHITTUI 

2, 1857 M38, B JEFF3.1 ,naHHbJe no BbICOKO­

:rnepren1qHhIM qlOTOHaM BKJUO'leHbl (Ta6JI. 4). 
3HaqeHHjJ MOIUHOCTH .[J.O3bl OT 

144
Pr B pacqe­

TaX no MCNP5 ,n:JIH ToqeqHoro HCToqm1Ka c 

YJ<a3aHHbIMH ¢aifoaMH )laHHbIX pa3J1HqaIOTCj{ 

B 5 pa3, a C yqeTOM BKJia,ua 
144

Pr B o6ruyio aK-

T 6 a JI HU a 4 X apaKTe DHCTHKHY-H3JlyqeHH~ r B H 144P JEF2 2 JEFF3.1 
144Pr J EF2.2 ( 1993 r.) 144Pr JEFF3. I (2005 r.) 

Eq,, M3B NJpacnaJJ, £<Ii, M38 NJpacnaJJ, Eq,, M3B NJpacna}l 

0,6247 l.127E-5 0, 1960 9.394E-7 1,4892 2.818E-3 

0,6965 I .342E-2 0,5740 1.61 OE-5 1,5609 2.147£-6 

0,8141 3.221 E-5 0,6180 9.394E-7 1,6717 2.013£-6 

0,8645 2.416E-5 0,6248 1.127£-5 1,9583 2.684E-7 

I, 1820 5.368£-7 0,6751 2.6O4E-5 1,9788 9.126£-6 

1,3880 6.723E-5 0,6965 1.342£-2 2,0464 2.818£-6 

1,9788 8.723£-6 0,8140 3. I 54E-5 2,0727 2.281 E-6 

2,0463 2.684E-6 0,8644 2.322£-5 2,1857 7.139£-3 

1,1820 5.368£-7 2,3682 4.831 E-7 

1,3762 3.892E-6 2,6548 1.745£-6 

1,3880 6.630£-5 
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Ta 6 JJ u u a 5. MowHocrn .D.03bl 

y-H3JlV'leHHSI 
144 Pr 

dR, 
MOll.lHOCTb ,D.03bl H3Jly4eHHSI 

B B03.D. nee, P/4ac 
CM 

c 2,185 M38 6e3 2, 185 M38 

1,0 2.060£+4 I .977E+4 

10,0 1.720£+4 1.650E+4 

50,0 1.010£+4 9.701 E+3 

100,0 6.403£+3 6.149E+3 

THBHOCTh OTBC ~ 16 % (rn6n. 1, BhJ,n:ep)KKa 1 
ro.n:) pa3JJH1rne B C)'MMapHOH MOlI.lHOCTH JJ:03bl 

COCTaBmleT ~ 4 % (rn6n. 5). 

qyBCTBHTeJihHOCTb y-H3JiyqeHHH K Hnep­

Hb!M ,n:aHHblM MO)KeT OKa3aTbC}I oco6eHHO 3Ha-

1IHMOH npH cpaBHeHHH C 3KCnepttMeHTaJ1bHbJ­

MH benchmark-,n:aHHbJMH H ocyruecTBnemrn 

KaJ1H6pOBO'lHbIX HaCTpOeK neTeKTOpOB. TTpH 

aHMH3e pe3ynhTaTOB, nonyqeHHhIX no pa3-

HhIM KOJJ:aM c 6H6JIHOTeKaMH }l.n:epHbIX ,n:aH­

HbIX, opHeHTHpoBaHHblMH ;:J:Jl}I pemeHHSI KOHK­

peTHblX THnOB 3a,n:aq, Heo6xo,n:HMO TaIOKe 

)"IHTbIBaTh qYBCTBHTeJibHOCTb y-H3JiyqeHHH K 

}lnepHbIM ,n:aHHblM. 

2. HcTO'IHHKH HJJ1y11enuii O.HT BB3P-1000 

O6nyqemroe Sl,n:epHoe TOnJJHBO CJI~HT 

HCTO'IHHKOM HeCKOJibKHX BHJJ:OB H3JI)"ieHHSI. B 

Ka'leCTBe nepBH'lHOfO I13JI)"ieHHSI, o6pa3YJO­

lI.lerocSI: Henocpe,n:cTBeIrno npH pacnane npo­

JJ:YKTOB neneHHSI H HaKOnHBllIHXC}I MHHOpHbIX 

aKTHHHJJ:08, Tpa,llI11..{HOHHO BhI;:J:eJI.IDOTCSI:: 

1) MTHOBeHHbJe Q)OTOHhI; 

2) 3JieKTpOHbI H Il03HTpOHbl OT W 11 f pac­

rra,n:oB; 

3) tteiiTpOHhI OT cnoHTaHHoro ,n:eneHHSI H (Wn) 
pacrra.n:a; 

4) Mbcpa qacTIIUhI OT a pacna.n:a. 

TTpH rrpoxo)KJJ:eHHH <pOTOHOB '-!epe3 cpe,n:y 

o6pa3YJ-OTCSI "BTOpH1-1Hbie" HCTO'-IHHKH 1nny­

'-1eHH}I: 

5) 3JieKTp0Hbl H no3HTp01IbI OT po)KJJ:eHHSI: na­

pbl (y, e-e +); 
6) <pOTOHbl OT B3aHMO;:J:e.HCTBHH 3JieKTpOHOB (H 

II03HTpOHOB) co cpe.uoii (e±, y); 

7) Q)OTOHbI OT pa,n:HaUHOHHOro 3axsarn Hei-iT­

poHa B (n, y)-npoueccax; 
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8) cpOTOHbl, 3JieKTpOHbI H HeHTpOHhl OT He­

ynpyroro B3aHMO;:J:eHCTBI-UI. (X-qacTHUbl co 

cpenoif; 

9) KOpOTKO)KHByruHe H30TOnhI (n, y)-npouecca 

np11 aKTHBaUHH KOHCTpYKUHOHHbIX MaTepHa­

JIOB B HCHTpOHHOM noTOKe. 

Tipn BhTqJ,fCJiernm .U03hI o6nyqeHHSI He see 

113 nepelfHCJieHHbIX HCTO'IHHKOB OJlHHaKOBO 

3Ha'lHMbl. Heo6xo,n:HMOCTb yqeTa Toro HJIH 

HHOfO npouecca onpe.uenSleTCSI KOHKpeTHOH 
~ T + 3a,lla'leH. aK, 3apSl)KeHHbie qaCTHUbl e-, (X C 

MaJ1hIMH npo6eraMH B aemecTBe He JJ:OCTHra­

fOT .ueTeI<Topa, B KOTOpOM onpe.uenSleTCH ,ll03a 

o6nyqeHJur, HO npH 3TOM Ba)KHhl BTOpH1:1.Hbie 

'-laCTHUbI (cpOTOHbl 11 HeHTpOHbI), o6pa3YJ-OlllH­

ec}I rrpH HX B3aHMO,n:ettCTBHH co cpe.noi1. 

Pacnan npO.llYKTOB neneHH}I no KaHaJJY (W 
11) RBJIReTCSI: nocTaTO'IHO pe,llKHM co6bITHeM 

BBHJJ:Y MaJIOCTH KOHUeHTpar:(JiH TaKHX H30TO­

noa. B MCNP5 B03MO)KeH pac1IeT HH3K03Hep­

ren11IHoro y-113nyqeHH}I, o6pa3yK>lI.lerocS1: npa 

TOpM03HOM H3Jiyqemnr B ~ pacna.n:e, HO OHO 

6b1CTpo ocna6eBaeT nptt npoxo)KJJ:eHIDl 3a­

IllHTHhIX o6ono'-leK. 

TTp11 Bhrropamrnx ~ 60 MBT·cyr/Kr BKna.n 

1-rnHTpOHHOH cocTaBJJSl:IOIUeif B o6mYJ-O .no3y 

CTaHOBHTCSI: 3aMeTHhIM, H npH cpopMHpOBaHHH 

(n-y) HCTO"-IHHKa K HaH6onee 3Ha'IHMbIM coc­

TaBJISl:lOillHM cne.nyeT OTHeCTH: MfHOBeHHbie 

Q)OTOHbI ( 1 ), HeHTpOHhl OT CTTOHTaHHOfO .nene­

mrn (3 ), BTOpHqHhie qJOTOHbI OT B3aHMO,D.eHCT­

BHSI: 3JieKTpOHOB H TT03HTpOHOB co cpe.uoii (6), 
BTOpH1IHbie Q)OTOHI,I OT pa,D.HaUHOHHOfO 3a­

XBaTa HeHTpOHa (n, y) (7), a TaIOKe HeHTpOHhI 

OT (ex, n) H (a, a'n) peaKUHM (8). 
CcpopMHpOBaHHhl.H rrpH 3a,D.aHHbIX xapaK­

TepHCTHKax o6nyqeHHOro TOnJIHBa (rn6n. 1) 
(n-y) HCTO'-IHHK no3BOJIReT oueHHBaTb rrpoxo­

)K,lleHHe n, e, y nOTOKOB B CJIO)KHblX reTepo­

reHHbIX cpe.nax H HCCJJe,n:oBaTb KoppeKTHOCTh 

HCTOqHHKOB H3JiyqeHHH 8 pa3JIH"-IHbIX 3a,D.a"-!aX 

S1JJ,epHo-pan11auHOHHOH 6e3orraCHOCTH. )J:Hcp­

cpepeHUHpOBaHHbie MeTOJJ.bl oueHKH BKJia,lla 

OT,D.eJJbHblX HYKJIHJJ.OB H npoueccoB, BbIIIOJI­

HeHHhle C HCnOJih30BaHHeM pa3JIH'lHbIX 

ENDF/ B cpaiinos oueHeHHhlX H,n:epHbIX .n:aH­

HbIX, CJI~aT OCHOBOH rrpH o6oCHOBaHHH a)le­

KBaTHOCTH cpopMHpyeMbIX (n-y) HCTOlJ.HHKOB C 

COOTBeTCTBYJ-OlllHMH Heonpe.neneHHOCrnMH. 



-
2.1. J1cmo'-IHUK M2H06eHH020 "(-U3flY'-leHl/JI. 

3aJWHHe HCTO'-IHHKOB y-H3JJ)"-leHlllf Ha oc­

HOBe cospeMeHHhIX ENDF/ B cpaAnos .1IJJ.epno­

cp11311'-leCKHX .uaHl!bfX cnoco6cTByeT nOBblWe­

llHJO TO'-IHOCTH paC'ieTOB H CHH)l(eIIHJO H3JJHlll­

Hett KOHCepBaTHBHOCTH. )],aHHbJe JEFF3. l WH­

pOKO npHMell.RIOTC.!l B 3aJ].a'-laX C 3a,D,aHHhlM HC­

TOlJHHKOM H3JJ)"-leHHH. B cpem1eM npH 13 H a 
pacna.uax o6pa.3YJOTC5l ~ 0,3 ... 0,4 cpoTOHOB, 

cneKTp KOTOpblX MO)l(eT COCTO.RTb H3 HeCKOJlb­

KHX .nec.RTKOB m!HHH. Ha OCHOBe Ta6J1. 3 11 

JEFF3. l cpopM11pyeTc.R y-HCTOYHJIK (.nn.!l w Pu 
HCTTOJ1h3YJOTC.R 14 "(-JJHHHH, 

244
Cm - 19 m1-

v 106Rb 89 154E 39 14-tp 21 ) 
HHH, - , · u - I , r - H .np .. 

B KaYecTBe npHMepa 1-1a pHc. 4 np11se.neH 
I. -l 

cneKTp q>OTOHOB ) Eu. 
CneKTp MfHOBeHHhIX cpOTOHOB 05IT 3as11-

CHT OT CTeneHH BbirOpamrn H speMeHH BbT,Uep­

)l(KH Tonmrna. Ha pHC. 5 .llJl.!l xapaKTepHbTX 

speMeH BhI.llep)l(l{H npe.ncTaBJleHbI HOpMHpO­

BaHHbie cneKTpbl l\ffHOBeHHbIX qJOTOHOB 05IT 
c BblfOpaHHCM 61, 1 MBT·cyT/ Kr. nocne Bhl­

rpy3KH (dt = 0) cneKTp MTHOBeHHbfX qJOTOHOB 

.!IBJI.!ICTC.!l cpaKTHlJCCKH HenpepblBHblM H3-3a 

60JibWOf0 'iHCJia KOpOTKO)KHByrllHX H)'KJlH­

.lIOB, a HHTCHCHBHOCTb MaKCHM}'M0B yseJJH'iH­

saeTC.R npH Yl\feHbWeHHH :mepnm q>OTOHOB. 

no Mepe pacna.ua KOpOTK0)l(HByrllHX H)'KJJH­

.llOB B cneKTpe B03pacTaeT llOJJ.R BhICOK03Hep­

reTH4HbIX qJOTOHOB - WHpHHa MaKCHMYl\108 

yMeHbWaeTC.R H HX HHTCHCHBHOCTb B03pac­

TaeT. 

2.2. J1cmOl/HUK ll-U3.1Y'-leHUJl 

HeumpOHbl om Cll0Hf11GHH020 Oef/eHUJl. B 
OTBC octtOBHbIMH HCT0YHHKaMH cnoHTaHHO-

ro )leJJeHH.R cn~aT 242
Cm H 

244
Cm. PaclJeT 

lJHCJJa HettTpOHOB cno1-1Ta1111oro .llCJleHlrn B 

OTBC ,mm pa.3nHYHblX BhrropaHHH UO2 rnn­

n11sa (rn6n. 6) nOKa.3hIBaeT, YTO c yseJIHYem1-

eM Bb!rOpamrn KOJll[lfeCTB0 CITOHTaHHblX )lene­

HHH yseJ111lrnsacTC.1I .nn.!l scex aKTHHH,D,OB, 1-10 
244 

BKJla.ll s cy:-1Map11oe 311a'iettue OT Cm .RBJiji-

eTc.R }lOMHIIHpy1ow.HM H npH BbITOpaHH11 61, l 
MBT·cyr/Kr .llOCTHraeT ~ 98 %. TTpH 6onbUIIfX 

BhlfOpamrnx MO)l(HO orpaHHlJHTbC.R. HCHTpOHa-
244c MH OT cno11Ta1-111oro .neneHH.R m, HO npH 

}'MCllbllICIIllli Bblropamrn HJlH CHH)l(eHHH Bpe-
242 

MeHH Bhl.Uep)KKH (Ta6JJ. 7) BKJia.n OT Cm 

ysen 111-rn saeTc.R.. 

CneKTpbI ttei1Tpo1-1os cno1-1rn1-11-1oro .uene­

HH.R 
2

'°'
2
Cm H 

244
Cm npaKTH'leCKH COBIIa,D,alOT. 

B pacYeTax n-H3JJ)"-ICHH51 MO)l(HO .nonyCTHTb 

He3aBHCHM0CTb pacnpeneneIIHjl HeH.TpOHOB 

cnOHTaHHOro .nenemrn OT C0OTHOWCHHH KOH-
v 242c 2-14c 

UCHTp8UHH !TI H m, ypOBH.R. Bbiropa-

HH.R. H speMeHH BbI.llep)KKJ1 Tonmrna. 

Ha pHC. 6 npuse.neHbT cpaBHHTCJlbHblC 
2-i2c 244c cnel<Tpbl cnOHTaHH0fO .llCJleHJijl m, m 

H 
252

Cf B KalJeCTBe CTaH.llapTH0ro cneKTpa .ne­

JieHH51 B HCHTpOHHO-qJH3HYeCKHX pac"!eTax. B 

MCNP5 .UJJ.!l 3a.llaHH.!l HCT0YHHKa 1-1ei1Tpo1-1os 

CTT0HTaHHOfO .neneHH.SI HCIT0JJb3yeTC.SI pacnpe­

.neneHHe ENn(E), r.lle Nn(E) - pacnpe.llene1rne 

YHCJJa HeHTpOHOB cnOHTaHHOf0 .neneHH5l 
244

C m, E - :meprn.SI HettTpo1-1a. 

BblXOO HeumpOHOB B peaKLfUU (a, n). 

O.llHHM H3 HCTOYHH'KOB H3JlyY:CHH.SI O5IT .SIBJJ.Sl­

eTC.!l a pacna.u. l-fa-3a Manoro npo6era B cpe.lle 

caMH a lJaCTHl.(bl He .uaIOT BKJJa)la B ,D,03Y 06-

Jl)"-lellH.!l 3a npe.lleJiaMH OTBC, HO rrp11 B3aH-

Ta 6 JI Hu a 6. 41-1cno Hej:hpoHOB cnoHTaHHoro JJ.eJ1eH1u1 OTBC BB3P- I 000 
B 38BHCHMOCTH OT Bblf0D8HHSI noH Bbl)J.ep>KKe TOnJJHB8 5 JteT (Hie) 

l130TOn 
Bb1rooaH1-1e Tonn1-1sa, MBT·CVT/ Kr 

15,32 30,5 45,84 61,10 76,28 91,45 
2J8Pu 1.858£+4 1.125E+5 3.020E+5 
i-10Pu 3.180E+5 7. 146E+5 I .026E+6 l.232E+6 
242 Pu 2.95 IE+4 

242Cm l .433E+5 I .466E+6 I .990E+5 5.026E+5 8.532E+6 9.400E+6 
244cm 1.364£+6 4.51 IE+7 2.882E+8 9.250E+8 2.049E+9 3.585E+9 
246cm 9.186E+4 1.517£+6 9.907£+6 3.650£+7 9.430E+7 

CyMM8 1.879£+6 4.770E+7 2.956£+8 9.443E+8 2.097£+9 3.696E+9 
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Ta 6 JJ 11 ._ a 7. 41-1cno HeihpoHOB cnOHTaHHoro tienemrn OTBC B83P-I 000 
npH BblrooaHHH 61 I MB / / ' 

T·cyr Kr B 3aBHCHMOCTH OT BpeMelrn BbltleP)KKH (H c) 

H3oTon 
BoeJ\-151 BbltiemKKH, JleT 

I 3 5 10 30 50 
238Pu 4.651 E+5 
240Pu I .226E+6 I .229E+6 I .232E+6 l.239E+6 1.259£+6 I .272E+6 
242Pu 8.775E+5 8.775E+5 8.775E+5 
242Cm I .496E+8 3.168E+7 6.722E+6 I .564E+5 1.733E+4 I .655E+4 
244cm 9.984E+8 9.610E+8 9.250E+8 8.406E+8 5.734E+8 3.912E+8 
246Cm 9.911E+6 9.909E+6 9.907E+6 9.905E+6 9.889£+6 9.875E+6 

CyMMa 1.161£+9 I .005E+9 9.443£+8 8.533E+8 5.860E+8 4.038E+8 

MO,UeHCTBHH c HYKJJH,UaMH o6pa3yK>TCSI. cpoTO­

Hhl H HeihpOHhl, BHOCfilUHe OlUYfHMbIH BKna.u 

B ,U03y. ,[{JUI UO2 TOilJlHBa HCTOqHliKOM He}tT­

pOHOB CJly')KHT ( a, n )-peaK[(HSI. Ha H30TOnax 

KHcnopo,ua 170 H 180, npou;eHT co,uep)KaHHR 

KOTOpblX B ecTeCTBeHHOH CMeCH COCTasnReT 

0,038 H 0,2 %, COOTBeTCTBeHHO. 

IToc1<onhKY HaKonneHHe 
17 

0 np0Hcxo,u11T 

TaK)Ke B peam1m 
16

O(n, y) 17
O, To orrpe.uenH-

10meii ,um1 BhlXO,Ua HeihpOHOB OKa3bIBaeTC.sJ 

(a, n)-peaKUIDl Ha H30TOne 170. Tal()Ke peaK­

UHSJ. (a, n) HMeeT MeCTO ,UITSI. H3OTOilOB, BXO,llH­

lllHX B npHMeCH OCH0BHblX MaTepmUI0B. KoH­

u;eHTpaum1 CTa6HJlbHOro H30TOna 
17 

0 3aBH­

CHT OT CTeneHH BhIT0paHIDl H He 3aBHCHT OT 

speMeHH BhI.llep)KKH TOilJlHBa. CeqeHJie 17 0( a, 

n) H qHcno o6pa3yIOIUHXCSI. HeHTpOHOB pacTyr 

c ysem1qem:reM :rneprnH Ea a-qacTHUhI (pHc. 

7). 
3HepreTHqecKHe pacnpe,ueneHHH HettTpo­

HOB OT ( CX, n )-peaKu;HH, 3aBHCSI.IUHe OT :rneprnH 

cra, n, 6ap11 

0,30 

0,25 

0,20 

0, 15 

0, 10 

0,05 

0 
2 4 6 8 12 14 

P11c. 7. Ce4eH11e I70(a, 11) s 38BHCHMocn1 OT 

3Hepr1111 a 48CTHU.bl (JENDL3.3) 
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nanernromeii a qacn1u;h1 H yrna BhrneTa HettT­

poHa, 3aMeTHO H3MeIDJ.IOTCJC no Mepe ysenwie­

HHSJ. BbITOpaHHSI. 11 speMeHH Bhl,llep)KKH. ,[{nJC 

BbiropaHHJC O.5IT ~ 60 MBrcyr/Kr H BhI,uep)K­

Klf 6onhllle ro.ua 3HepreTHqecKHe cneKTphI 

HeHTpOHOB ,llOCTaTO'IBO KOppeKTH0 Moryr arr­

npoKCHMHpOBaThCSI. pacnpe,ueneHHeM HeHTpO­

HOB CITOHTaHHOro .ueneHIDl (pHc. 6) c MaKCH­

M)'MOM npH E11 = 1 M3B. 

3HaqHMOCTh n-HCTOqHHKa IlOBbilllaeTCJl c 

ysenHqeHHeM BbITOpaHIDl H BpeMeHJ-1 BhI.llep)K­

KH. ,[{nJC OTBC c UO2 rnanHBOM 06oramett11-

eM 4,4 % H BbI,Uep)KKOH .uo 50 neT Ha OCHOBe 

ORIGEN2 BhmonHeHhI pacqeThI o6mero tIHC­

na HeihpOHOB OT 17O(a, n)-peaKIJ,1111 H CflOH­

TaHHoro ,uenemu1. Pe3ynhTaThI pacqeToB (pHc. 

8) noKa3bIBaIOT, qro ,llJlJ[ BhITOpaHHH ~ 45 
MBT·cyr/Kr qHcno HeHTpOHOB OT CllOHTaHHO­

ro ,ueneHHR Ha nop,i:,uoK npeBhilllaeT qHcno 

HeHTpOHOB OT ( a, n )-peaKIJ,HH. C ysen:r,rqeHH­

eM BbITOpaHHH H 8O3pacTaHHeM HaKanmrnae­

Moro KIOpHS!. 3Ta pa3HHIJ,a ysenwrnsaeTC.H, ,uo­

CTHraJC .usyx rropH.UKOB apH Bhir0paHHH 

80 ... 90 MBrcyr/Kr, HO npH BhI,uep)l<Ke ~ 100 
neT ,llOITJl HeihpOHOB OT ( a, n )-peaKUHH CTaH0-

BHTCH cpaBHHMOH C HeHTpOHaMH OT CilOHTaH­

HOro .ueneHHR [14]. 

3. <l>opMHpoeaHHe HCToqHHKOB (n-y) 
HJJJyqeuuii O.HT e MCNPS 

,[{nH onpe,uenemrn a,n:eKsarnott pacqeTHOH 

Mo,uemr pa3MemettH.si OTBC s 3alUHTHhIX KOH­

TeHttepax npose,uetthl sapHaHTHbJe pacqeThI c 

pa3JlHqHhIMH nmaMH HCT0'IBHKOB rnnyqeHHH:, 

npoamlJIH311pOBaHbl JaBHCHMOCTH pacqeTHhIX 



xapaKTepHCTHK OT TOJlll.lHHl,T H pacnOJlO)KeHJ,UI 

3all.lHTHblX MaTepHMOB. Cne.nyeT OTMeTHTh, 

'-ITO .ua)Ke .um, npocTei1wux Ja_uaq c Ja.uaHHMM 

HCTOlJHHKOM pe3yJ1hTaTI,l pact.JeTOB no pa3HI,IM 

BbilJHCJIHTefilHhIM KO)].aM MOrYT 3aMeTHO OT­

JlHt.JaTbCH. PaccMaTpHBalOTC51 cne.nyiom11e TH­

Ilhl HCT0lJHHK0B: 

• Toqet.JHhrn HCToqmrn; 

• ccpep11qeCKMH HCTQqHHK )].JlH cpaBHHTeJlb­

Horo aHa.JIH3a pe3y111,TaT0B pact.JeT0B no 

K0.UaM MCNP5 H MicroShield; 

• l.lHJlHH.UpHqecKHH HCT0lJHHK - 061>eMHI,IH 

(V) H nosepxttocTHhIH (S) s MCNP5; 

• pacnpe.ueneHHhlH UHJlHH.UPHt.JecKHH 11c­

T0LJHHK B <R-Z> M0.UeJJH, MO.ne1111pyiom1111 

reTeporeHHYJO CTPYKTYPY TBC. 
Tol/el/HblU ucmol/1-tUK. ~llil T0t.Je11Horo Ino­

TP0TIHoro HCT0lJHHKa M0IUH0CTb ly .U03bl y­
H311Yt.JeHHH Ha paCCT051HHH R M0)KeT 6hITb 

onpe.nenetta aHa.JIHTHtJeCKH, T.e. 

r.ue s, - 3MHCCH0HHa51 sepoHTHOCTb y-JlHHHH C 

E;, D(E,) - K03cpcp11u11eHThI rrepeso.ua noT0Ka 

qJOTOHOB C E; B M0IUH0CTI, .U03bl. 3Hat.JeHmI 

D(E,) s aHa.JIHTHlJeCK0M BH.Ue M0rYT 6MTb 

npe)].CTaBJleHbl B BH)].e K03cpqmutteHTOB pa3110-

)KeHml [14] 

lnD(E) =A+ BlnE + C(ln.£)2 + F(lnE)3, (2) 

r.ue D(E) - .U03a (fop/11ac)·(cM
2 

c); E - 3Hep­

rmr cpornHa, M3B; A, B, C, F - K03cpcp11u11eH­

Tb1 pa3110)KeHHH (rn6n. 8) [ 15]. 

~eKapToaa cttcTeMa o6ecnelJlisaeT Ja.ua­

HHe Ha TIJl0CK0CTH HCT0lJHHKa c mo6hIM yrno­

BhlM pacnpe.nenettHeM BhlJleTaEOIUHX t.JaCTHU. 

~JU[ y-HCT0lJHHK0B C MaJlblM qHCJl0M y-JlliHHH 

COTIOCTaBJ1em1e pe3yJJbTaTOB pact.JeTHbTX .[{03 C 

aHa.JIHTH'-leCKHMH 3Hat.JeHH.slMH oueHHBaeT 

qyscTBHTeJlbHOCTh pe3yJII,TaTOB K H)].ep-

MCNP w11p0Ko 11cnoJ1h3YJOTCH rrptt s1,rnon­

HeH1m benchmark-pact.JeToB 11 sepmp11Kau1111 

pact.JeTHbJX MO)].eJJeH [18 ... 20]. TipH 3a,UaHHH B 

MCNP5 ccpep11qecKoro nosepxH0CTHoro S­

HCT0t.JHHKa .nnH yrnoaoro pacnpe.neneHHH 

BbTJleTaIOlllHX tJaCTHU nonycKaIOTCH H30TPOTI­

H0e pacnpe.ueneHHe 11 pacnpenenetttte s.nonh 

H0pMaJIH. IT pH Ja.uamrn UHJlliH.UpffqeCK0TO 

II0BepXH0CTH0TO S-HCTOlJHHKa nonycKaeTCH 

T0nhK0 H30TP0IIHoe yrnoaoe pacnpeneneHHe 

qacnIu. 

CrreK-rphr HeHTpoHoB S- H V-HCTOqIDIKOB 

3aMeTH0 pa3JIHt.JaJOTCH. Ha pHC. 9 rrpe.ncTaBJie­

Hbf cneKTPhI HethpoHOB M MrH0BeHHblX cpoTO­

H0B .UJ151 S- (rnn11urna HCTOlJHHKa ~ 0,000 l CM) 

H V- HCTO'-IHHK0B T0TIJIHBH0ro UHJIBH.Upa O.5IT 

c s1,rropaH11eM 61,l MBT·CYTIKr, a Ha pnc. 10 
- cneKTPhI MrH0BeHHblX H BT0pJ,lqHblX cpoTO­

HOB .nnH S- 11 V- HCT0tJHHK0B. ~nH }'KaJaHHhIX 

S-HCTO'!HHKOB B MCNP5 npose.neHbI pactJeThI 

MOI.I..(HOCTH .U03I,J y-H311Yt.JeHHH Ha li311Yt.JaeMOH 

nosepXHOCTH H Ha paCCT0HHHH OT Hee B 

B03)].yxe. 

1I11cna MrHoBeHHhIX cpoTOHOB .nm1 V-, S­

HCT0tJHHKOB OTJlH':lalOTCH Ha II0pH.U0K, HO no­

JIO)KeHHe MaKCHM)'M0B H HX lllHpHHa HMeJOT 

6nH3KMe 3Ha':leHHH. HenpepbIBHOe pacnpe.ue­

J1emIe BT0pHt.JHhIX Q)OTOHOB, o6ycJIOBJieHHOe 

HenpepbIBHbIM pacnpe.uenem1eM 3neKTJ)OH0B, 

Ha6JIJO,UaeTCH ,Ua)Ke npH He3Hat.JHTeJihHOM H3-

nyqaio111eM rroaepxHoCTHOM cnoe. Tip11 3Hep­

rHH Ey > 1,6 M3B .U0llil BTOpH'-IHhlX cpoTOHOB 
+ 

OT ( e- y)-npoueccoB M0)KeT npeBhlCHTh '-IHCJ10 

MrH0BeHHhIX cpoTOHOB. 

Pe3yJlbTaThl pactJeT0B (rn6n. 9) .D,JIH 
134! 

Il0Ka3bJBalOT, lJTO Ha MaJJblX paCCT0HHHRX OT 

H3JlyqaeMOH noaepXH0CTH MOIUH0CTH .D,031,J OT 

T0'-leqJJ0T0 H ccpepn':leCKOro HCT0qHHK0B 

npaKTHtJeCKH coana.uaioT, a OT l..(HJlHH.D,pH'-IeC­

KOfO 0Ka3bJBalOTCH TI011TH B 1,5 pa3a 60JII,llle, 

HblM .naHHhIM H THIIY HCTOI.JHHKa H311Y­

t.JeHHH. Hanp11Mep, cornacHo (1) ,uo3a f'y 
OT 

85Kr, HMeromero o,uHy y-mrn11io 

E = 0,51399 M3B, cocTaBn51eT l.207E-6 

T a 6 JI n u. a 8. Ko3cpcjrnu1-1eHTbI pa3JJO)l(eHHSI 

(fop/11ac)-(cM
2 

c); no MCNP5 

l.198E-6 c ANSVANS [16] 11 0.940E-6 

(fop/qac)·(cM
2 

c) c ICRP-21 [17]. 

CrjJepul/eCKULt u t{UflUHopul/ecKuu 
ucmol/HUKU U3flyl/eHuu. Ko.UM ceMeHCTBa 

aHaJIHTH4eCKOfO npe)].CTaBJleHl-rn D(E) I 

Er.b,M38 A B C 

0,01. .. 0,03 -20,477 - 1,7454 

0,03 ... 0,5 - 13,626 - 0,57117 - 1.0954 

0,5 ... 5,0 -13,133 0.72008 - 0,033603 

5,0 ... 15,0 -12,791 0,28309 0, 108733 

F 

- 0,24897 
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Ta 6 JI u i.- a 9. Mow.HoCTb Jl03bl y-113JJY9eHHjf 
)].Ml s 1341 -HCTO'-IHHKOB pa3JJHLIHOro THna 

MoW.HOCTb )l03bl o6JJy'-leHH.s!, 6:)p/'-!ac 

R, CM HcTO'-IHHK q>OTOHOB 

TTJJOCKOCTb Ccpepa Li,HJJHH,/lp 

0,0 9.6106E-1 I 

0,0001 6.8757E-1 I 6.8797E- 1 l 9.6098£-11 

0,001 6.8757£-11 6.8774E-l 1 9.6030£-11 

0,01 6.8757E-l 1 6.8549E-1 I 9.5348E-I I 

1,0 6.8703E-11 5.5822E-l l 5.6050E-l l 

5,0 6.7287E-l 1 4.1228E-l 1 3.5061E- l 1 

10,0 6.3023£-11 3.2045£-11 2.5909E- I I 

100,0 2.2366E-1 I 4.4421£-12 4.0142E-12 

1-ITO CB.H3aHO C pa3JIH'-IHhlM yrJIOBhlM pacnpe­

)leJiem1eM pernc-rp11pyeMbIX q>OTOHOB. TTpH 

113OT{)OITHOM pacnpe)leJieHHH Q)OTOH npOXOJll,fT 

qepe3 noBepXHOCTh IlOJl yrJIOM K HOpMarrn, 

YBeJIH'lHBaJI IlOTOK yepe3 noBepXHOCTh, a 3Ha­

'-IHT 11 MOmHOCTh .D,O3hJ. 

,[J;m1 BblpO)KJleHHOro V-UHJIBH.D,pH'-IeCKOro 

HCTOlfHHKa 8O3MO)KeH paC'-leT MOlllHOCTH .D,O3hl 

Ha caMOM 113JiyYaeMOH noBepXHOCTH (R = 0). 
.ll:JI.H pa3HhIX THIIOB HCTO':lHHKOB Ha6mo)laeTC51 

xapaKTepHoe H3MeHeHHe MOllJ:HOCTH JlO3hl OT 

paCCTO51HH}1 JlO H3JiyYaeMOM rrosepxHOCTH - C 

YBeJI11qeHHeM R MOllJ:HOCTh JlO3hI Me,[(Jiettttee 

)'MeHblllaeTC.H .D.1151 Toqelffioro HCTOlfHHKa H 

6b1c-rpee JlJl51 UHJIHHJlpHYeCKOro, '-!TO CJie.n,yeT 

yYHTbIBaTb npH cpaBHeHHH pe3yJihTaTOB, no­

JiyYeHHhIX no pa3HhlM KO)laM C pa3JIH'lHhTMH 

HCTOlfHHKaMH H3JiyYeHHH. 

tJ:m1 ccpepHlfeCKOro HCTOlfHHKa pami:ycoM 

54,7 CM c paBHOMepHO pacnpe)leJJeHHhlMH 

BHYT{)H H3JiyYaTeJJ.HMH npHBe)leHhl cpaBHH­

TeJJbHhie 3Ha'-leHl{jf .D,03bl OT OT.D,eJibHhTX H30TO­

nos, BhPIHCJleHHhie C K03q>q>HUHeHTaMH 

DF(E) (Flux-to-Dose Rate Conversion Fac­

tors) H3 ANSI/ANS-6.1.1-1977 [16], ICRP-21 
[ 17] 11 KERMA (Kinetic Energy Released per 

unit Mass) cpaKTopaMH B so3.n,yxe (rn6JI. 10). 
JlyYwee cornac11e 3HalfeHHH JlO3hT, BhI­

lfHCJJeHHhTX B MCNP5 H MicroShield [21 ], Ha-

6mo.n,aeTc51 npH 11cnonh3OBaHHH KERMA 
cpaKTopos B so3,uyxe (MCNP5). TTonyYeHHhIH 

pe3yJihTaT IlO.D,'-lepKHBaeT cneuHq>HKY K03cp­

cpHUHeHTOB DF(E) H ITO3BOJrneT C)leJJaTh Bhl-

8O.D. o cornacosaHHOCTH pac'leTHhIX Mo.n,eneif 

)lJl51 .n.aHHOro THna HCTO'-IHHKa B KO)laX 

MCNP5 H MicroShield 

.ll:JI.H aHam13a JlO3hI o6nyYeHH}1 B 3aBHCH­

MOCTH OT TOJlllJ:HHhl CTaJibHOH 3aIUHThl B 

MCNP5 H MicroShield npHMefUleTcSI HaXOJl5l­

IUHMC}1 B B03.D.yxe HCTO'-IHHK B BH,Ue TOilJlHBHO­

ro UHJIHH)lpa pa.D.HYCOM 22,7 CM, 3a KOTOphlM 

pacnoJiaraeTc5l CTaJihHa5l 3aIUHTa c Bapb11pye­

MOM TOJilllHHOH. )];anee HaXO.D,5lTC5l 8O3.D.Ylll­

Hhlli 3a3Op TOJlllJ:HHOM l CM H 3OHa pernc-rpa­

UHH. MaKCHMaJihHhTM paJlHYC CTaJihHOH 3aIUH­

Thl (R = 66 CM) H pacnoJIO)KeHHe 3OHhl perncT­

paUHH (R = 67 CM) He MeH5lIOTC5l npH H3MeHe­

HHH TOJIIUHHhl 3aIUHThl. 

.ll:JJ}1 paBHOMepHoro o6beMHOro y-HCTO'i­

HHKa OTBC c BhiropattHeM 61, 1 MBT·cYTII<r H 

BhIJlep)KKOM 3 ro.n.a MOIUHOCTh .D.O3hl (Ta6JI. 

11 ), Bhf'lHCJieHHaSI no YKa3aHHhIM KO,UaM, HMe­

eT cornacoBaHHhre 3Ha'leHH5l npH TOJJIUHHe 

CTaJibHOH 3amHThl ~ 4 CM, .D,JI}1 JlpyrHx sapH­

aHTOB 3aMeTHhl paCXO)J(,[(eHHSI. TTpH 3TOM 3Ha­

'-leHHJI nornoIUeHHOH .D.O3hI B 3Kcnpecc-pac'-!e­

Tax no MicroShield ,na)l(e .D.JI5l rrpocTeiIII1ero 

Ta 6 JI u i.- a 10. 3Hal.feHH.s! nornow.ettHOH Jl03bI y-113nyLJeHHjf JlJl.s! ccj>ep114ecKoro 
HCTOLfHHKa B B03]lyxe Ha I ~ MCNP5 M. Shield CM OT 113J1Y'-lat0w.e11 nosepXHOCTH B 11 1cro 

MOW.HOCTb ,l\03bl o6JJyLJeHH.s! OT cj>OTOHOB 
MCNP5 MicroShield 

HyKJ111Jl 
ANSI/ANS-6.1.1-1977 ICRP-21 KERMA .[lo3a a 003.n.yxe 

fop/( LJac· EK) fop/(4ac·6K) P/(LJac·EK) P/(Ltac·EK) 

36-085Kr 1.947£-15 l.519E-15 1.406£-15 I .40E-l5 

55-134Cs 2.081E-12 l.777E-l2 1.597£-12 l.53E-12 

56-137mBa 7.309£-13 6.160E-l 3 5.524E- 13 5.36£-13 

59- 144Pr 6.239£-14 5.7IOE-14 5.107£- 14 4.90£-14 

63-154 Eu 2.235E-l2 l.995E-l 2 1.793 E-12 l.85E- I 2 
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Ta 6 JJHUa :oaBHHTeJ1hHb1e M0LUH0CTH .U03bl 'Y-H3JlYl.femrn s MCNP5 H MicroShi ll C eld 

,l];03a y-H3JlV4eHHSI, 63p/4ac 
Tom1.1,111-1a CTaJlH, CM 05 I 5 30 5.0 10 0 

MCNP5 3.57E+4 2.41 E+4 l.23E+4 5.29E+3 5.60E+2 
MicroShield I .30E+4 l.15E+4 8.89E+3 7.16E+3 4.56E+3 

HCT0tfHl1Ka H3nyqemrn He )].JUI: BCex BapHaHT0B 

0Ka3bIBaJOTCSl K0HCepBaTHBHhlMH. Bee :no 

YKa3bIBaeT Ha He06XO)J.11MOCTh '-leTK0fO npenc­

TaBnemrn 06 orpaml'leHHstX npKMeHeHHSl no­

.uo6HhIX K0Jl0B. 

IlpH M0)lemIpoBaH1iH reTeporeHHOH CTpy­

KTypbl OTBC B MCNP5 11cnon13yeTcst Bno­
)KeHHhTH UHJIBHJlpHt-reCKHH HCT0'iHHK (<R-Z> 
reoMeTp1,rn) c rrapaMeTpaMH, orrpeneneHHhIMH 

Ha 6a3e CTaHJlapTHhIX xapaKTepHCTl1K TBC 

[ 11] C coxpaHeHHeM MaCCbl T0ilJIHBa, o60JIO'l­

KH npH BbIC0Te UHJJHHJlpa 353 CM (p11c. 11 ). 
B11c0Ttt11e 11 pa.uHa.rr1H11e rpamP-rn11e ycno­
BHH 3a)laHbJ C YTe'-IKOH, C0CTaBbl MaTepmUJ0B 

rrpHBe)leHbl B Ta6JI. 12, 13. 

B Kaqecrne 3alll,HTHOH K0HCTPYKU11H 

OTBC paccMarpHBaeTcst TpattcrropTHhIB qe­

xon, rrpe)J.Ha3HatfeHHblH JlllSl BpeMeHH0fO xpa­

Hemrn TBC. qexon npe,n;cTaBJJ»eT co6ow csap­

HyJO u11mrn,n;pH'leCKyJO KOHCTPYKU11IO, C0CTO­

SllllyJO H3 o6e'lattKH, JJ;HHIUa, BepxtteH 11 Hl1)1(­

Heif JlHCTaHUH0HHpyJOlll,HX perneT0K, ueHT­

panbHOH rpy611. CBepxy qexon 3aKp1rnaeTc.si: 

KpbilllKOH. BhICOTa 4exna c KpblillKOH cocTaB­

n.si:eT 570,5 CM, JlHaMeTP 229,5 CM. KoHCTpYK­

U.HR qexna o6ecne4HBaeT pa3MemettHe ,n;o 12 

TBC, ycrnttaBnHsaeMblX sepTHKa.JlhH0 B rnec­

THrpaHHhIX rpy6ax c pa3MepoM Il0Jl KnIO'-I 

24,5 CM (pHC. 12). 

AHaJJH3 llYBCTBliTeJJhHOCTH M0IUH0CTH .U0-

3hl y-113JJY4eHHR K npocrpaHCTBeHH0MY pac­

npe.uenemno y-11cT0tfH11Ka s1monHeH .un» 
YTOqHeHHOH Mo.uenH OTBC B <R-Z> 11 30 

reoMeTpIDIX (p11c. 13). Pacnpe)leJTeHHhIH HC­

T0YHHK B 30 reoMeTpHH Mo.uem1pyeTC.sl: 12-JO 

T0ilJJHBHbIMH U,HJIHH,D.paM11, K8)K)lblH H3 K0T0-

ph!X 0Kp~eH U,HpKOHl1eBOH o60JIO'IKOH H 

rpy6oii (Ko)Kyx) 113 6op11poBaHHOH CTaJJH. 

CpaBHHTeJJbHhie 3Ha'-lemrn: )l03bl y-o6JJyYeHHR 

npliBe.UeHbl a Ta6Jl. 14. 

B <R-Z> reoMeTpHH (p11c. 13) M0IUH0CTb 

Jl03bl o6nyqemrn OT cpOTOHOB )lJJSl S-HCTO'IHli­

Ka 6onee '-leM a l O pa3 npeBbllJJaeT M0IIJ,H0CTh 

)l03bl OT V-HCTO'IHHKa. .n:JU{ HeHTpOHHOfO 

HCT0'IIIHKa 3TH 0TJIH'IHSl C0CTaBJIID0T acero 

1,5 pa3a. 

T a 6 JJ u u a 12. Pacl.fernrui <R-Z> Mo,neJlb .unsi OTBC 

HoMep Pa.n.11yc, cM MaTepHan 
TIJlOTHOCTb 

301-tbl p, r/cM3 

I 0 ... 22,7005 
8b1ropeswee -

T0TIJlHB0 

2 22,7005 .. . 27,4633 IJ,HpKOHHH 6,44 

3 27,4633 .. . 30,8789 
Eop11posa1-11-1asi 7,901 

CTaJlb 

4 30,8789 ... 64,5 803.n.yx 1.205£-3 

5 64,5 ... 66,0 CTaJlb 7,87 

6 66,0 ... 87,5 
CTanb1-1asi JaLUHTa 

(HJlH 803,!lVX) 
-

a JJ H U a 30T0I1Hble C0CTaBbl MaTepHaJl0B B 08C4eTH0H M0,Ll,eJlH 
Cocrns, % 108 "B N 0 Ar Ti Cr Fe Ni Zr 93Nb 

T 6 13 l1 

IJ,HpKOHHH 99 1 

Eop11posa1-1- 0,257 1,027 18,263 69, 101 11,352 
H8SI CTaJlb 

CTaJlb 0,7 18,0 7 1,3 10,0 

803.UVX 78,4 21 , I 0,5 
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Ta 6 JI H l( a 14. MowHOCTb A03bl y-06ny1-1emrn (no ICRP-21) Ha I CM OT 1-1eXJ1a 
(cTaJibHOH 38lllHTbl) B MCNPS 

3cp<peKTHBH8H MoLUHOCTb A03bl 06ny1-1eHHH, fop/1-1ac 

MoAeJlb pacYeTa TOJlLUHH8 CTaJib- HCTO'-IHHK MfllOBeHHblX <pOTOHOB 
UHpKOHHH, CM 

R-Z (p11c. 11) 8,2 

R-Z (PHC. 13) 3,5 

JD (pHC. 13) 2,4 

. 
R-Z (pHC. 11) 8,2 
3D (pHC. 13) 2.4 

YBem1qemrn .Ll03hI o6nyqeHHR: B Mo.uemI 

pacnpe.ueJieHHOrO HCTOllHHKa o6ycJIOBJieHO 

HeCKOJihKKMH cpaKTopaMH - pacnOJIO)KeHHeM 

HCT09HHKa <pOTOHOB C 60JihllieH 3<pqJeKTHBHOH 

IlJIOll.(a,llhIO H npH6JIH:>KeHHoro K 30He perncT­

paI(l,IH, YMeHbWeHHeM 3cp<peKTHBHOH TOJill.(J,f­

HhI UHpKOHHeBOH o60JI09KH J,f 6opnpoBaHHOH 

cnurn, o6ycnoBJieHHhIM nepepacnpe.uenemrnM 

o6mei1 MaCChl o6nyqeHHOro TOilJIHBa. 

TionyqeHHhie pe3yJihTaThI pact.JeTOB (rn6n. 

12) IlOKa3bJBaIOT, t.JTO OTHOUiemre .Ll03 OT S- J,f 

V- y-HCTOqHHKOB CHH)KaeTCR: OT ~ 11 (R-Z reo­

Me-rpmr) .uo ~ 5 pa3 (3D reoMe-rpHR:). TipH 

3TOM OTHOWeHHe ,ll03 o6nyqeHHR: 3aBHCHT OT 

TOJill.(HHhI CTaJibHOH 3all.(HTbI - 6e3 CTaJI.hHOH 

3all.(HThr 3TO OTHOWeHHe npeBhllllaeT 20, co 

CTaJibHOH 3a.ll.{HTOH OHO yMeHblllaeTCR: .LlO 10. 

TaKHe "nonpaB09Hb1e" K03cpcpnu11eHThI cne­

.uyeT npHHHMaTh BO BHHMaHHe B pact.JeTax pa­

,llHaUHOHHhIX xapaKTepHCTHK 3all.(HTHhIX KOH­

TeHHepoB c OTBC, nocKOJihKY B 60JihUIHHCT­

Be HCITOJih3yeMhlX KO,llOB npKMeHR:eTCR: Hepac­
npeoeReHHblU HCTOt.JHHK H3JiyqeHHH. 

4. CneuH<J>HKa HCR0Jlh30BaHHH KOl<J><J>uuu­
eHT0B nepeso.ua R0T0Ka <J>oTOHOBIHeihpo­

H0B B .!l030Bhle 3Ha'-lenuH DF(E) B MCNPS 

lllHpoKo rrpHMeHR:eMbJe KO.LlbI MicroShi­

eld [21 ] , SCALE [22) 11 .up. rrpe.utta3Hat.teHbI 

,llJIR: pact.JeTa ,ll03bl OT o6nyqeHHOro TOilJIHBa, 

pa3MemeHHOro B yrraKOBOt.JHhIX KOHTeHHepax 

onpe.ueneHHoro nrna c 3a.uaHHhIMH rrapaMeT­

paMH 3all.(HTHblX KOHCTPYKUHH. 

B MCNP5 npH BbPrncnemrn MOll.(Hocrn 

.Ll03bI y-MCTOt.tHHKa B B03,nyxe H .Llllil 6HOJIOnt-

56 

V s 
6e3 CTaJibHOH 38[.UHTbl 

7.37E+2 8.13E+3 

6.14E+3 1.32£+4 

I .58E+4 7.59E+4 

CTanbHaR 381.UHTa IO cM 

9.94E+O 
l.27E+2 

qecKoro o6beKTa ( cpaHTOM) HCIIOJib3YfOTCR: 

pa3JIHt.JHhie MeTO,llhI rrepeBO,lla IIOTOKa q:>OTO­

HOB B .LlO3hl y-H3Jiyt.temrn. MomHOCTb ,llO3bI B 

B03,llyxe onpe,llellileTCR: 3HepreTH9eCKHMH IIO­

TepRMH H3JIY9eHHR: npH B3aHMO,lleHCTBHH C 

B03.Llyx.OM H OITHCbIBaeTCR KERMA cpaKTopa­

MH R:,llepHbIX ,llaHHbIX H30TOITOB a30Ta, KHCJIO­

po.ua H aprotta. 

TipH B3aHMO,lleHCTBHH H3JiyqeHHR: C cpaH­

TOMOM rrpHMeHR:IOTCR: 3aBHCfilUHe OT 3HeprnH 

K03<p<pHilHeHThJ nepeBO,lla IIOTOKa B ,llO3Y 

DF(E), onpe.ueJIR:eMbie Ha OCHOBe MHKpOR:,llep­

HbIX ,llaHHhIX, ccpopMHpOBaHHhIX B pa.MKa.x Ha­

UHOHaJibHhIX H Me)K,nyttapO.LlHhIX opramuau11i1 

- NCRP (National Council on Radiation 

Protection and Measurements), ICRP, ICRU 

(International Commission on Radiation Units 

and Measurements), ANSI, ANS H T.,ll. 

KoJcpqmuHeHThI DF(E) MOrYT cymecT­

BeHHo OTJIHt.taTbCH B pa3HbIX HCTO'lHHKax, t.JTO 

o6bR:CHR:eTCR: pa3JIHt.tHhIMH apH6JIH)KeHHR:MH 

yrnoBOH aHH30TPOilHH HCT09HHKa H rnyfornr,1 

npOHHKHOBeHH.R H3JiyqeHHR:, OTHOCHTeJihHhIM 

pacnOJIO)KeHJ,feM o6beKTa B03,lleHCTBirn H .up., 

T.e. DF(E) op11eHTHpOBaHbl Ha HCIIOJih30Bam1e 

onpe.ueneHHOro THna HCTOt.JHHKa C 3a,llaHHOH 

opHeHTaUHeH o6beKTa B03,lleHCTBHR OTHOCH­

TeJibHO nOTOKa H3Jiyt.teHHR: H ero y.uaneHHOCTH 

OT HCTOt.JHHKa. CTaH,llapTHhie paCCTOR:HHH, ,llJIR: 

KOTOpbIX cpopMHpYJOTCR: DF(E), COCTaBJIIDOT 

50 ... 100 CM. 3Hat.teIIHR: DF(E) perynHpHo ne­

pecMaTpHBaIOTCR: J,f YTO':lHSIIOTCSI. 

B Ko.uax MicroSbield 11 SCALE npH pe­

wemrn 3a,llat.J 3all.(HThl npHMeHSIIOTCSI pa3JIHt.J­

Hhie 3Hat.JeHHR: DF(E). Tipe,llCTaBJJeHHbie B 

ANSVANS-6 . 1. 1-1977 Kmq:>cjrnuHeHThI DF(E) 
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PHcymrn K CT8The A.B. MopmcoBa H C.C. llimesa 

"IIporpaMMa ANGEL. PerueuHe c HCTI0JTh30Bami:eM TeXHorrorHH CUDA 

CHCTeM JIHHemn,rx JlHq>cpepeHI(Ha.JThHI,IX ypasaemrn: 60JibIIIOH pa3MepH0CTH, 

0TIHChIB8lOim{X HeCT8IJ,lfOH8pHI,Ie npouecCbI" 
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P11c. l. rpaq>H'!ecKoe apeJ.J.cTasneH11e 4epe3 AUTOCAD c11-
CTeMb1 ITT 7 3JleMeHTOB CBH38HHblX no cxeMe 3 + 2 + 2 

P11c. 2. rpaq>liK 38Bl1Cl1MOCTl1 q>cpe1CT11BHOCTl1 TeXHOJlOrlill 
CUDA OT paJMepa MaTp~hl (paJMepa pewaeMoi-i JaJ].aLJ11): 
I - REAL8 HOBaJ!. cxeMa, 2 - REAL4 KJiacc_aqecKaJ!. cxeMa, 
3 - REAL8 KnaccITTecKaH cxeMa 

PHCYffOK K cTaThe A.A. Komunrnnrna 

"Cnoco6 pacqern rpaHffqHI,IX ycrrosIDi 

Ha rpaHHI.1e 8KTHBHOH 30HhI H OTpa)KaTeJUI" 

fpynna I 

fpyrrna 2 

fpynna 3 

fpynna 4 

P1-1c. 2. IlOTOK Heli-rpOHOB B 4-rpynnoBOM 3Hepre'IWieCKOM apeJ.J.CT8BJleH.Hl1 J].JlH 38J].8LJH H8XO)K,11.eHWI 3cpq>eKTl1BHOro rpaHH<uiOro 
ycnosHH J.J.JIH rpaHH NQ l (pac4eTHaJ!. o6nacTh p1-1c. 4). fp~hI rpynn: 1 - 10 M3B ... 25 K3B, 2 - 25 K3B ... 9,9 3B, 3 -
9,9 ... 0,25 3B, 4 - 0,25 ... 0 3B 
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P11cyrurn K cTaTLe M.H JlHnre H ;::i;p. 

"CKB03HOH pacqeT pa.D;Hau;HoHHhTX xapaKTepHCTHK 
oTpa6onunrrmt TenrrosLmemuoll.{HX c6opoK BB3P- l 000" 

TB3Jl 4,0 % HanpaBmllOI.UliH 
Kattan (HK) 
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P1-1c. 2. AKTIIBHOCTb o,nHOH OTBC BB3P-1000 s 3as1-1c11Mo­
crn OT BblI'OpaIDU! 11 Bbl,nep)KJ(J1: I - 10 cyr; 2 - 100 cyr; 3 -
J ro.n; 4 - 10 neT 
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P11c. 4. Pacnpe.neneID1e '-ll!CJia (pOTOHOB np11 pacrra.ne 154Eu 
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PHC. 3. AKTHBHOCTb 0.11.HOH OTBC BB3P-IOOO B 3aBHCHMO­
CTH OT speMeHH Bhl,llep)KJ{H M BhiropaHHll (MBT·Cyrhcr) : 
I - 15,32; 2 - 30,56; 3 - 45,84; 4- 61,1 
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PHc. 6. CneKTpbl tteihpoHOB cnoHTaHHOro .11.eJ1eHJ1JI 242Cm, 
244Cm, 252C f B JEFF3 .1 
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Bbll'OpaHIDI. rrpH BbJ.nep)Kl(e 50 JieT: I - cnoHTaHHOe )leJJeHHe, 

2 - (a., n)-peaKJJ.IDI. 

P11c. 10. Cpaett11TeJlbHbJe cneKTpbI q>OTOHOB 05IT c BbirOpa­
H11eM 61, I MBT·cyr/K.r 11 BbI.D,ep)Kl(OH 3 ro.n,a: l - MrHOBeHHble 

q>OTOHbl S-HCTO'IBHKa; 2 - (e~ y) q>OTOHhl S-11CTO'lllilKa; 3 -
MI'HOBeHlibie q>OTOHJ,J V-HCTOlJHHJ.<a; 4 - (e~ y) qlOTOHbl V-
11CTO'I HKKa 
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PHc. 13. Pacrrpe,!\eJJeHHhrn RCT0<tIDlK OTBC s yro'-!HeHHoH <R-Z> H 30 re0Me,p1111 .lVUI pac'leT0B M0D..lH0CTH .U0Jhl 
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0pJ,leHTHpOBaHbI Ha BhilfHCJiem1e ,ll03, nony­

tJeHHbTX TeXHHl.feCKHM nepC0HaJJ0M np11 pa6o­

Te C pa,llH0aKTHBHhlMH 061,eKTaMH, pa3MemeH­

HbIMH B orrpe.ueJieHHbIX 3aIUHTHbIX K0RCTPYK­

UHIDC. B Ko.ue MicroShield npe.unonaraeTrn 

pac'leT ,ll03 OT K0MTiaKTHhfX HCT0"lHHK0B Ha 

y.uaneRHH nopH,llKa ,[(eCHTK0B caHTHMeTp0B, a 

803M0)KH0CTh HCII0Jih30BaHJ,fj{ IIJI0CK0ro HC­

T0tJHHKa ,[(0CTaT0'IlI0 60JibllIOH IIp0rn)KeRH0C­

TH IIpH pacqere ,ll03 Ha paCCT0HHIDIX, cymecT­

seHH0 MeHbllIHX pa3Mepos caMoro HCT0'-lHJ1Ka, 

TPe6yeT crre.QHaJJhR0ro aHaJJH3a. 

B KO.Ile SCALE .un.s1 DF(E) npHMeH.sIIOTCH 

crntt.uapThI ANSI/ANS. l1p11 ::noM YKa3hrsaeT­

c.s1 ([ 18] 11 .up.) Ha npe,llTI0'-lTHTeJibH0CTh HC­

TI0Jih30BaHH.sl ANSI/ANS-6.1.1-1977, a He 

ANSI/ANS-6.1.1-1991, s K0TopoM H3Meuem1e 

3HatJeHHH DF(E) o6ycnosneHo YT0lfHeHHHMH 

B xapaKTepe 06ny"IeHJ,1,S1 ( opHeHTaUHH 061,eKTa 

H .up.) H M0,lleJIIDC nepeHoca. Ha pHC. 14 ,llaHhI 

cpaBHHTeJlbHbie 3RatJeHH.sl DF(E) 113 pa3llHl.f­

HhIX HCT0"lIIHK0B naHHbIX. 

CpaBHMTeJJbHhie 3Hal.feHHH M0IUII0CTH no-

3bl y-H3JIY'feHHH OTBC c U02 T0IIJIHBOM 

BB3P-l 000, II0JJy"IeHHhie .UJIH S-, V- HCT0tJHH­

K0B s MCNP5 c DF(E) H3 ANSI/ ANS-6.1 . 1-

1977 [ I 6], ICRP-21 [ 17] 11 KERMA cpaKTopa­

MH B B03.L(yxe npi,rneneHbI B Ta611 . 15. 

3HatJeHml ,[(03hI OT S-HCTO'IBHKa 0Ka3bTBa­

IOTC.sl 60JibWe B ~ I 3 pa3 CO0TBeTCTByIDI..QHX 

3Ha'leHHH OT V-HCTOlJIIHKa, tJT0 o6b.sICH.sieTC.sl 

66JihIIIHMH BhIX0)].aMH <pOTOHOB. C YBeJIHtJe­

HHeM BbT.L(ep)KJ(J,f OT I rona )].0 IO JieT M0ll.l­

H0CTh ,[(03hI YMeHbmaeTC.sl B 6,2 ... 6,5 pa3 ,[(JI.sl 

S-, V-HCTOlJHHKOB. Bo scex pacqernx M0IU­

H0CTh .U03hI, Bhil.fHCJ1eHHa.s1 no MCNP5 c ANS-

6.1.1, rrpeBbJIIIaeT M0IUH0CTh ,[(03hl C ICRP Ha 

~ 20 ... 25 %, K0T0pM 60JihIIIe Ha ~ 10 % 
MOillH0CTH .U03hI, BhJt-rncneHHOH c KERMA 
cpaKTOpaM11 B 803.L(yxe. B Ta6JI. 16 rrpHBe)].eHbI 

T a 6 JI H u a 15. CpaBmrrenbHb1e M0LUHOCTH ,D.03bl y-113nyYemu1 V- 11 S- 11CT0YHl1K0B 
O51.T 61 1 MB / C BblfOPaH11eM 

' 
T·cyr, Kr 11 oa3Jil14HblM BPeMeHeM Bbl,lleP)KKl1 

dR, 

CM 

1 
10 
50 
100 

I 
10 
50 
100 

MOLUHOCTb )].03bl o6nyYeHl1H, fop/yac 

BpeMH Bb1,D.ep)l(Kl1 I roJJ. 

ANSI/ANS-6.1.1-1977 ICRP-21 KERMA 

V s V s V s 
2.2l3E+3 2.808E+4 l.781E+3 2.236E+4 l.605E+3 2.020E+4 
l.842E+3 2.328E+4 I .488E+ 3 l.861E+4 I .342E+3 I .683E+4 
l.070E+3 l .364E+4 8.692E+2 l.095E+4 7.862E+2 9.896E+3 
6.680E+2 8.624E+3 5.440E+2 6.941 E+3 4.922£+2 6.277E+3 

BpeMH Bbl,D.ep)l(Kl1 10 neT 

3.400£+2 4.536E+3 2.726E+2 3.598E+3 2.462E+2 3.243£+3 
2.837E+2 3.75IE+3 2.284£+2 2.986E+3 2.065E+2 2.701 E+3 
1.666£+2 2.192E+3 I .346E+2 1.752£+3 l.218£+2 1.585E+3 
1.052£+2 l.383E+3 8.532E+I l.109E+3 7.717£+1 I .003E+3 

Ta 6 JI u u a 16. 3HaYeHHH nornomeHHOH ,D.03bl y-113nyYeH11H OTBC 
c Bb1ropaH11eM 61, I MBrcYTIKr 11 BpeMeHeM BblJJ.ep)l(KH 3 ro,na 
C DF, ' a3HblX HCTOYHHKOB 

PaCCTOHHHe OT ,[(03a raMMa-113nyYeH11H, fop/(yac·EK) 

HCTOYHHKa d, CM ANSI/ ANS-6.1.1-1977 ICRP-21 SCALE 

0 1.782£-15 1.437£-15 I .558E-l 5 

1.70 I E-15 I .376E- I 5 1.489£-15 

10 I .403E-15 l.139E-l 5 I .230E-l 5 

30 I .039E-15 8.460E-16 

50 8. I 86E-16 6.676£-16 7. I 86E- 16 

100 5.098£-16 4.l72E-16 4.480E-16 
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cpaBIIHTeJlbHbie 3HaqeHHR M0LUH0CTH y-H3J1y­
qemu1 OTBC c pa:3HbJMH Ko:Hpqrnu11eHTaMH 
DF(E). PacqeTbI c DF(E) 113 SCALE npHB0-
.IVIT K npoMe)l{yr0qHblM 3HaqeHH.!IM. 

3aKmoqemte 

1. TTpe,ucTaBJleHbl :naIIbl CKB03H0fO pacqeTa 
pa,u11auuo11HbIX xapaKTep11cT11K OTBC BB3P­
l 000 no nporpaMMH0MY K0MnneKcy 
MONTEBURNS-MCNP5-ORIGEN2. 
2. OueHeno BJJHRHHe tteorrpe.ueneHHOCTei1 
H.)l.epHO-<pH3HqecKl1X .n.aHHblX Ha pacqeTHbie 

3HaqemUI pa,u11au110HI1bIX xapaKTepHCTHK 

OTBC H pa,u11au110HHOH o6cTaHOBKH, BKJJIO­
qaJI M0lll,H0CTH .U03bl. 

3. PacCMOTpeHbl orpaH11qemu1 npH6Jl1.f)l{eHHH 

B 3a)l.aHHH HCToqHHK0B H3JJ}'l!eHHH np11 oueH­

Ke M0lll,H0CTH ,U03bJ B 3alll,HTHbIX qexnax C 

OTBC. 
4. fio.uTBep)l{,lleHa B03M0)1{H0CTb HCII0Jlb30Ba­

HJ,lj{ MCNP5 .um1 benchmark-pacqeTOB H Be­
pmp11Kal.lHH pacqeTHbIX MO,IleJJeH )I.JUI o60CHO­
BaHHR KOppeKTHOCTH pacqeTQB )1.03 H3JJyqeHJ,lj{ 

B CJJ0)l{HblX rrpocTpaHCTBeHHblX cpe.uax C pac­

npe.ueneHHbIM HCT0'IRHK0M. 
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Y)],K 621.039 

CpaBHHTeJILHLIH 3H3JlH3 xapaKTepHCTHK ueiiTpOHHOro UOJIH 

ua 06pa3uax-CBHt1:eTeJ1HX u Kopnycax BB3P-440 

B.H. Ko'IKUII, /(.IO. Maxomuu, /(.IO. EpaK, 
HHIJ, "KyptiaTOBCKHtt HHCTHTyr", 123182, MocKBa, rrn. KypqarnBa, l 

IlocTynHna B pe.uammo 21.02.2011 r. 

npe.ncTaBJleH cpaBHHTeJlbHblH aHaJJl-13 xapaKTepHCTHK HeHTpOHHOro 110Jlll B MeCTax. 06J1yYeHHll o6pa3-
U.OB-CBH)leTeJleH H Ha Kopnycax BB3P-440/213. PaccMaTp11sa10TCll nJJOTHOCTb noToKa H cpopMa 3Hepren1Ye­
CKoro cneKTpa 6blCTpblX HeHTpOHOB. AHaJJl13 npose.neH Ha OCHOBe 3KCnepHMeHTaJlbHbJX pe3yJlbTaTOB IICCJle­
.nosaHHH o6pa3U.OB H HeHTpOHHblX pacYeTOB, Bbll10JlHeHHblX MeTO)lOM )lHCKpeTHblX OP.1lJ.1HaT. npose.neHO cpa­
BHeHHe ycJlOBHH 06J1yYeHl1ll o6pa3U.OB-CBH.lleTeJleH B peaKTopax C 110JlHOH aKTHBHOH 30HOH H C KacceTaMH-
3KpaHaMl1, pa3Mew.eHHblM11 BMeCTO YaCTH TOl1JlHBHblX c6opoK Ha nepHcpepHH aKTHBHOH 30Hbl. Onpe)J.eJleHbl 
K03cpcpHu.HeHTbl onepe)f(eHHll o6nyYeHHll o6pa3U.OB no OTHOWeHHJO K BHYTPeHHeH nosepXHOCTH KOpnyca pe­
aKTopa. Bbll10JlHeHa cpaBHHTeJlbHall ou.eHKa nospe)f()J.aJOW.eH cnoco6HOCTH 6blCTPblX HeihpOHOB C 3HepreTH­
YeCKl1MH cneKTpaMH, COOTBeTCTBYIOW.HMl1 o6pa3U.aM-CBH)J.eTeJll!M H KopnycaM peaKTOpOB KaK C 110JlHOH aK­
THBHOH 30HOH, TaK H C KaCCeTaMH-3KpaHaMH. 

K.n10~e6bte CJI06a: o6pa3U.bl-CBH)leTeJlH, Kopnyc peaKTopa, 11JlOTHOCTb 110TOKa 6bJCTpblX HeHTPOHOB, 
CHA, K03cpcpHU.HeHT onepe)f(eHHll. 

Comparative Analysis of Neutron Field Characteristics at Surveillance Specimens and Pressure 
Vessels of VVER-440. V.N. Koch kin, D. Yu. Mak/10tin, D. Yu. Erak, NRC "Kurchatov Institute, 1, Kurchatov 
Sq., Moscow, 123182. 

The paper presents a comparative analysis of the neutron field characteristics in the irradiation positions 
of surveillance specimens and pressure vessel inner surface of VVER-440/213 . The flux density and the ener­
gy spectrum of fast neutrons were considered. The analysis was based on the experimental results of surveil­
lance specimens investigation and neutron calculations perfonned by the discrete ordinates method. A compa­
rison of the irradiation conditions of surveillance specimens in the reactors with full core and with dummy as­
semblies on the core periphery has been done, the lead factors of surveillance specimens irradiation in relation 
to the inner surface of the reactor vessel were evaluated. The damaging ability of fast neutrons with energy 
spectra corresponding to the surveillance specimens and the reactor vessel, as a full core, and with the dummy 
assemblies was evaluated. 

Key Words: Surveillance Specimens, Reactor Pressure Vessel, Fast Neutron Flux, DPA, Lead Factor. 

Bee}leHHe 

3a.uaqa o6ecrreqemrn tta,lle)l(HOH pa6oThI 
KOpnycoB H)lepHblX peaKTOpOB HBJlHeTCH O)l­
HOH H3 sa)lrnewwHx B KOMrn1eKce Bonpocos 
6e3orrncttocrn A3C. B npouecce 3Kcrrnyarn-

UHH no.u B03)leHCTBHeM o6JJ)"ieHIDI npoHCXO­
)lHT pamrnu110ttttoe oxpyntIHBattne MaTepHana 
KOprryca peaKTOpa (KP), l{TQ IlOBbIIUaeT Bepo­

HTHOCTb xpynKoro pa3pyrnettHH KP rrpH aBa­
pHHHOM pacxOJia)KHB3HHH H TeM caMhIM orpa­
HHlfHBaeT ero pecypc. 
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KoHTpOJTb pa,LJ,J•laUHOHHOro oxpyn'-IJ,fBaHJ.Ul 

KP BB3P-440/2 l3 ocywecrnm1.eTc5r c no­

MOll.(hJ-O nporpaMMbl o6pa:3UOB-CBJ•I,LJ,eTeJieH 

(OC). 3TO o6pa:3Ubl, ,nroTOBJTeHHble KaK H3 

OCHOBHOfO MeTanna o6eLfattKH KP, TaK H H3 

csapHoH npo6hI, BhJITOJIHettHOH H3 Toro )Ke 

MeTanna, '-ITO H csap1-1oti wos N~ 4, pacnono­

)KeHHbIH HaITponrn aKTHBHOH 30HhL 

B BB3P-440/2 l 3 ycTaHOBJieHbT wecTb 

KOMnneKTOB OC, KOTOpb1e pa:3MemaJ-OTC5f s 

cneUHaJibHbIX Kattan ax (pHC. l) H ITO oqepe.u11 

H3BJieKaIOTC5f ,l.J,J1_5f ITpOBe)leHH_5f MeXaHH'feCKHX 

HCilblTaHHH. KoHTeirnepbl c oc (no ,LJ,Ba o6-

pa:3Ua rn:na lllapm1 B KOUTeHHepe - pHC. 2) 

co6paHhI B rHpJI5rHJn,I, ITO .use rHp115rH,l.J,bI B 

Ka)K,LJ,OM KOMTTJieKTe. 

KaHaJibl C oc HaXO,l.J,5fTC5f cywecTBeHHo 

6mi)Ke K aKTill3HOM 301-1e, 'feM KP, B nonoJKe­

mm MaKCHMYMa aJHMyranhttoro pacnpenene­

mu1 HeihpoHHoro noTOKa 11 oT,ueneHbI OT KP 

BO,[J.,SIHbIM 3a:30pOM ~ 110 MM. llo:noMy ycno­
BH5f o6nyqemrn oc OTJIH'faJ-OTC.R OT ycnOBHM 

o6nyqeHHH BHyrpeHHeH nosepxHOCTH KP KaK 

ITO BeJIH'-IHHe IlJIOTHOCTH nOTOKa 6bICTPbIX 

HeHTpOHOB, TaK H no cpopMe 3HepreTH'feCKOro 

cneKTPa, 

KpoMe Toro, B p5r,LJ,e 3KcnnyaTHPYJ-Olll.KXC.H 

peaKTopos ,LJ,JI.R YMeHbWeHH5f ,LJ,030BOH Ha­

rpY3KH Ha KOpITyc Ha nepHcpepHIO aKTMBHOM 

30HhI BMecTo qacTH TBC ycTattosnetthr Kacce-

60° 

a) 

TbI-3KpaHbl (K3), H3MeH.HIOl.l.J.He a:3HMyTa.JlbHOe 

pacnpene11em1e HeHTpoHHOro noToKa Ha KP H 

ycnOBH5f o6nyqemrn He TOJJbKO KP, HO 11 oc, 
ITOCKOJlbKY KaHaJibI C oc pacnonaraJ-OTC5f Ha­

npOTHB K3. 

Ilpn 06oc1-1osa111111 6e3onac1-1ocTH 3Kcn11y­

aTaum1 KP Ha OCHOBe pe3yJihTaTOB HCITbITa­

HHH oc Ba)KHbTM 3TallOM CJIYJKHT onpe,uene­

HHe COOTBeTCTBH5f Me)K.uy TeKyIUHM H nporH0-

3HbIM cocTO.HHH.HMH KP H pe3ynhTaTaMH 

HCITbITaHHH oc, KOTopoe ,l.J,OJJ)KJ-10 Bbl□OJIH5fTb­

C5f c yqeTOM pa:3.JTH'Urn ycJJOBHH o6nyqeHH.R 

OC 11 BHYTPeHFidi nosepxttocTH KP. 

3ttaHHe xapaKTepttbIX pacnpeneneHHH 

TIJIOTHOCTH IlOTOKa 6hICTPbIX HeMTpOHOB s Ka­

Hanax oc H HX COOTHOUJeHHH co CKOpOCTblO 

o6nyqeHH.H KP TaIOKe Heo6XO,l.J,HMO npH ITJJa­

HHpoBaHHH H ITO,LJ,roTOBKe nporpaMM ao o6ny­

'femrJ-O cneuHanhHbIX HCCJie,l.J,OBaTeJibCKHX o6-

pa:3UOB B Kattanax OC, ocso6o,D,HBWHXC.R noc­

ne BhJTPY3KH OC. Oco6eHHO 3To aKTyanbtto, 

KOr,LJ,a CKOpOCTb o6nyqeHH5f Ha ypOBHe nono­

BHHbl BbICOTbl aKTHBHOM 30Hbl CJIHWKOM BeJIH­

Ka ,l.J,J1_5f perneHH5f IlOCTaBJJeHHbTX 3a,LJ,a'f, H KOH­

TeHHepbl c o6pa:3UaMH Tpe6yeTC5f pa:3MeCTHTb 

Bblllle HJIH HIDKe - B o6nacnI 3Ha'-IHTeJTbHOfO 

rpanHeHTa HeihpOHHOro IlOJJ.SI. 

HaITpHMep, TaK8_5r ITpo611eMa BCTpe'-IaeTC5f 

np11 ITposenettIIB noo6nyqeHH5f o6pa:3UOB H3 

TeMTIJJeTOB, KOTOpbre Bbipe3aIOTC5f C BHyrpeH-

6) 

PHc. I. Mecrn ycrnHOBKH rnpJUIH.D. c OC B peaKTope: a) BH.D. csepxy, 6) BH.D. c6oKy 

64 



I 
20 

2 21 

3 22 

4 23 

5 24 

6 -q-
25 

7 °' 26 00 
01 

8 '° 27 M ,~ 1 
01 '° '° 9 0 28 M 

I 
l/"') '° 10 01 29 01 ~ 

--- - -·- --

30 
- -·- - -·-·-·-·-

11 ~ ----- --- -· 
31 12 

13 32 0. 104 

14 33 

15 34 

--~ 16 35 

17 36 

18 37 V 

19 38 4 
39 

a) 6) 

P1-1c. 2. CxeMa rnpmrn.D. c oc (a) 1-1 pa3MeUleHHSI o6pa3UOB B KOHTeHHepe (6): 1 - KOHTeHHep, 2 - HeihpOHHO­

aKTHBaUHOHHbte J].eTeKTOpbt, 3 - aJllOMHHHeBblH 3anonH1-tTeJ1b, 4 - oc 

HeH noBepxttocrn KP BB3P-440 1-ro noKone­
mrn [ 1]. O,uHHM H3 -rpe6osaHHH np11 ,uoo6ny­
t.J:eHHH KBJJSleTCH orpamrqeHHe IlJJOTHOCTH no­
TOKa 6bICTpblX HeH-rpOHOB, KOTOprui He ,UOJJ)K­
Ha npeBbilllaTb MaKCHMaJJbHbie 3Hal.femu1 ,um1 
BHy-rpeHHeH nosepXHOCTH KP 6onee t.J:eM B 6 
pa3 [2]. )],JIH BbillOJJHeHHH :noro ycJIOBHK Hy­
)KeH nuaTeJibHblH no.u6op noJIO)KeHH_K KOH­
TeHHepos c o6nyqaeMbIMH o6pa3UaMH s Ka­

Hane OC. 
Ha TeKYJUHH MOMeHT npoeKTHblli cpoK 

3KcnnyaTaUHH 6onhWHHCTBa BB3P-440/213 s 
PoccHH 11 3a py6e)KOM no,uxo,uHT K KOHUY, H 
3a,naqa npo,D,nem,rn HX cpoKa cn~6bI secbMa 
aKTyanbHa. O,D,HaKO 60JJblllliHCTBO lllTaTHbIX 
KOMnJJeKTOB oc ~e Bblrp~eHO H ,D,JIH o6ec­
net.J:eHH_K MOHHTop1rnra csoi1cTs KP s nep1rn,n 
npo,nnemrn HX cpoKa cn~6hI Tpe6yeTCH pa3-
pa6oTKa HOBblX nporpaMM oc, s KOTOpbIX no 
B03MO)KHOCTH Ha,D,O yqeCTb see He,D,OCTaTKH 
alTaTHOH nporpaMMbl H o6ecnet.J:HTb Tpe6ye­
Mble ycnosm1 o6nyqeHHH OC. 

B HaCTOHIUeH pa6oTe npe,ncTasneH cpas­

HttTeJibHbrH aHaJJH3 ycJIOBHH o6nyqeHHK no 
ITJIOTHOCTH ITOTOKa H cpopMe 3HepreTH'leCKOf0 
cneKTpa 6b1CTpb1x HeHTpOHOB OC H KP BB3P 
-440, 3KCnnyaTHpyK>IUHXCH c IlOJIHOH aKTHB­
HOH 30HOH H K3. )],nH npose).J.eHHH aHaJJH3a 
HCITOJib3)'1-0TCH pe3yJibTaTbl pact.J:eTH0-3KCile­
pHMeHTaJJbHOf0 !iCCJie,ll0Bamrn WTaTHblX oc, 
o6nyqeHHblX s Tet.J:eHHe ,llJJHTeJibHOfO speMe­
HH s Kattanax peaKTOp0B c K3 11 nOJIHOH aK­
THBHOH 30HOH, " pact.J:eTHbie oueHKH napaMeT­
poB tteiiTpOHHbIX rroneii Ha BHYTPeHHeH rro­

sepxHOCTH KP. 
B pa6oTe rrpHBO,lJ.HTCH xapaKTepHbie 3Ha-

qemrn IlJJOTHOCTeH TIOTOKOB 6blCTpbIX HeHTpO­
HOB Ha OC H KP, pacape,ueneHHj[ crreKTPaJJb­
HbIX HH)J.eKCOB B KaHanax oc H Ha BHyrpeH­
HeH nosepXHOCTH KP, npOBO,D,HTCH oueHKa rro­
spe)K,ll8JOIUeH cnoco6HOCTH 6bICTpbIX HeHTPO­
HOB, s03,nei1crnyromHx Ha OC H KP c nonttoH 

aKTHBHOH 30HOH H C K3. 
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1. MeTO.llHKa 11eitTpo1111oro pac'leTa 

PaclleT npocTpa11cTseH11oro pacnpe.nene-
111151 TIJIOTHOCTl1 TIOTOKa 6hICTpbIX 1-1eihpOHOB 
Ha KP 11 oc BbJITOJIH51eTC51 B MIIOrorpyrmoBOM 
npn6JimKemrn MeTO.llOM .llMCKpeTHblX op,nH­
HaT. ,Um1 3TOH ueJIH np11MCH51IOTC51 nporpaM­

Mbl ANISN [3] "DOT3.5 [4] c rpyrmosoif 611-
6nnoTeKOH ceYeH11H BUGLE-96 [5). C noMo-
111.hlO nporpaMMbl DOT3.5 non)"-leHhl pewe­
Hl151 ypaBHeHJ151 nepeHoca 6bICTPhIX Heihpo­
HOB C cp11Kc11posaHHbIM pacnpe,neJieHHblM 11C­

TOlJHHKOM B nOJI51pHOH (R-O - 3311MyTaJlbHOe 
ceYem1e peaKTopa Ha ypostte 122 CM OT HH3a 
aKTHBHOH 30Hbl) 11 U11JlHH.llp11tleCKOH (R-Z -
aKCl1aJlbHOe celJeHHe peaKTOpa OT - 51 no + 
323,8 CM OT Htt3a aKTl1BHOH 30Hb1) C11MMeTPl1-
51X. PeweH11e o.ntt0Mep11oi1 3a.nat.Jn nepettoca 
6hICTpbIX HeHTPOHOB ocyruecTBJieHO nptt no­
MOlUH nporpaMMhl ANISN. 

,LI.JUI no.nroTOBKl1 11CTO'-IHl1Ka HeHTPOHOB B 
R-0 reoMeTPl1H HCnOJib3OBaJIBCh peJyJibTaTbI 
pacYeTa ITOTB3JlbHOro rrp11pameHl151 BbirOpa­

Hl151 s Kaccerax ceKTOpa 6O-rpa.nycttoH c11M­
MeTPHl1 }].JI51 BbI6paHHbIX TOnJIIIBHbIX U11KJIOB. 

0THOCl1TeJibHble 11HTeHCHBHOCTl1 HCTOlJHHKa 
rrepeHOCHTC51 Ha pact.JeTHYJO ceTKY C □OMOUlblO 

cneu11anb11O pa3pa6oraHHOro naKera npor­
paMM, paCC411TbIBaJOUll1X OTHOCl1TeJibHbIH 

sKJia.n MO1UHOCT11 TB3Jia s 51t.Jei1Ky R-0 ceTKH 
no COOTHOWeHHJO ITJIOUla.neH TB3JIOB, nonaaa­

l0Ul11X s ,ZJ,aHHYJO 51qei1Ky, c nnomaJibIO 
51lJeHKl1. 

AKCl1aJlbHOe pac□peaenem1e 11CTO'-IHl1Ka 

HeHTPOHOB s aKTHBHOH 30He np11 paclleTe yc­
nos11u 06n)"-leH1151 KP s R-Z reoMeTpHH pac­
ClJHTbJBaJJOCh no ,ZJ,aHHbIM O pacnpe.neneHl111 

np11pameHH51 Bhiropamrn no BbICOTe scex ne­
p11cpep11HHhIX TOTIJil18Hb!X KacceT ceKTOpa 6O­
rpaaycHOH c11MMeTp1111, a npw pacllere ycno­
BHH o6JI)"ieHH51 oc - no COOTBeTCTBYJOlUHM 
,ZJ,aHHbIM JIJI51 nep11cpepHHHhIX TOTIJIHBHbIX Kac­

cer, pacnoJIO)KeHHhIX ttarrpoTHB KaHana OC. 
Op11 paclleTe HCT04HHKa ytrnrhrnanach 3a­

BHCl1MOCTh 411CJia HeHTpOHOB, npHXO.llHlUHXC51 

Ha O}].HO .neneHHe, OT rny611Hbl BbirOpamrn 

Tonn11sa 11 THTia TBC. B Kat.Jecrne 3ttepren1-
4ecKoro cneKrpa HCTO4HHKa npmrnr cneKTP 
1-1eiirp0Hos .nenemrn 235U 113 6116n110TeKH 
BUGLE-96. 
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TpexMepttoe pacnpeaenem1e nnorHOCTH 
nOTOKa 11ei1TpOHOB JJ.JI51 3HepreTHlJeCKOH rpyn­
flbl g paCC41lTbTBaeTC51 MeTOJIOM CHHTe3a pe-
3YJibTaTOB .nsyMepHbIX 11 OJJ.HOMepttoro pac'-le­
TOB no np116nmKeHHOH cpopMyne [6] 

<f (R,0,Z) = <p:)R,e)cp:_z (R,Z )/ cp:(R),(1) 

• V 

rJJ.e<pk)R,8)- pewett11e rpynnoBOH 3a.nat.J11 

nepe1rnca Hei1TpOHOB B R-0 reoMeTPHH; 

<p:_/R,Z)- pewe1-111e rpynnosoi1 JaJJ.alJH B R-Z 

R V 

reOMerpm1; <p/R)- peweHtte rpynnoBO11 3a-

.na4H B OJIHOMepHOH U,l.fJil1H.D,pH4eCKH CHMMeT­
pH'UIOH reoMeTPHH. 

Pact.JeThI Bb!IlOJIHRJil1Cb .UJI51 30° 3311MY­
TaJJbHoro CCKTOpa CHMMeTp1111, o.nttaKo JIJI51 
pac4era napaMeTPOB HeHTPOHHhIX noneii Ha 
KP 11 B KaHane oc p33pa60T3Hhl p33Jil.f4Hbie 
pactJeTHbie cxeMbI. 

B pac'-leTHOH cxeMe KP s R-0 pact.Jere 
np11MeH51JJaCb ceTKa C paBHOMepHbIM p33611e-
1111eM no yrny 0 11a 90 HHTepsanos 11 nepeMeH­
HbIM p33611eHHeM no pa.n11ycy Ha 202 HHTep­
BaJla. 

B pacYerax ycnos11i,i 06n)"-lett1151 s KaHa­
nax oc .nm1 a.neKB3THOro OTIHCaHH51 reoMeT­
p11H KaHana B R-0 pacqere HCIIOJib3OBaJlaCb 
noapo6ttaH ceTKa c ttepasHoMepHbIM p33611e­
tt11eM no yrny Ha 107 11HTepBaJJOB H rrepeMeH­
HbIM p336ttem1eM no pam1ycy ua 196 11HTep­
sanos, BKJIJ04351 on11ca1-1tte reoMeTPl1H BTIJ1OTb 
no suewuew nosepxHOCTH KP. M111-1ttMaJ1hHhIH 
p33Mep .stlJeHKl1 ~ O,2xO,2 CM np11Mem1JJC.sl .llJUI 
OTIHCaHH51 reoMeTpHH Kattana 11 KOHTeHHepos C 
OC. Ha p11c. 3 np11se.neH cpparMeHT R-0 ceTKH 
s npcaenax Kattana c 06paJUaM11. 

CerKa .llJUI R-Z pacYera OC ttMena nepe­
MeHttoe p336tte1111e no BbICOTe Ha 245 HHTep­
BaJIOB. <l>parMeHT cxeMhI R-Z pac'-!era s 06na­
cr11 KOHTeHHepos c OC np11se.neH Ha pttc. 4. 

I1cnOJih3yeMbIH B HaCT051IUeH pa6oTe npo­
rpaMMHblH KOMnJieKC arrecroBaH JIJIR pact.JeTa 
CKopocT11 ttaKonnettH51 cpnroeuca Ha KP BB3P 
-440 MeTO.llOM CHHTeJa .llBYMepHblX H OJIHO­
MepHoro paclleTOB [7]. Bantt.nau11.s1 nporpaMM­
Horo KOMTIJieKca }].JI.st pac'-leTa HeHTpOHHbIX 
TIOJieH B KaHanax oc BbITIOJIHeHa Ha pe3yJibTa­
rax CTICU,HaJibHbIX HeHTPOHH0-}].03HM~11lJec­
KHX 06JI)"iaTeJibHbIX 3KCnepttMeHTOB [8]. 



PHc 3. <DparMeHT R-0 ceTKH B npe.nenax KaHana 
OC: l - CTeHKa KOHTeHHepa, 2 - aJJIOMHHHeBblH 
3anonH11TeJ1b, 3 - OC, 4 - so,na B KaHane 

10 

7 

P11c. 4. <DparMeHT cxeMbl R-Z pac'-teTa B o6nacTH 
KaHaJJa OC: l - K3, 2 - rpaHeHbJH nollc, 3 - so.na, 
4 - KOp3HHa, 5 - BOJJ.a, 6 - waxTa, 7 - KOHTeHHepbl 
OC, 8 - KP, 9 - BblfOpO,nKa, 10 - cTeHKa Kattana 
oc 

2. Pac'leTHO-JKCnepHMeHT3JlhHOe 

onpe.ueJieHHe YCJIOBHH o6Jiy'leHHH oc 

2.1 . 3KcnepUA-1emna.nbHb1e ucc11eo0Bamm 
0611yl./eHHblX QC 

)],m1 onpenenemrn: cpmoeHca 6h1CTJ)hTX 

HeHTJ)OHOB Ha o6nyqeHHbIX oc pacqeTH0-3KC­

rrepHMeHTaJlbHblM MeTO.D;OM, OITHCaHHbIM B 

[9], Tpe6yeTCH nposenettHe H3MepeHHH raMMa 
-4 

-aKTHBH0CTH ) Mn B o6naCTH Ha.n;pe3a Ka)K.LJ;0-

ro o6pa3Ila. 

H3MepeHHH raMMa-aKTHBHOCTH o6pa3UOB 

BbIITOJIHHJIHCb B CTporo orrpe.neneHHOH reo­

MeTJ)HH, qTo6hJ orrpe.n;eJIHTb 0THOCHTeJibH)'JO 
54 

aKTHBH0CTb Mn s o6pa3IlaX c norpew-

HOCTbJO He 6onee 3 %. 
CooTBeTCTB)'JOW.He a6comoTHbie 3Haqe­

HHH HaXO,llHJIHCb no pe3yJibTaTaM H3MepeHHH 

l1po6bl 0JJaCTHHa 

P11c. 5. CxeMa oT6opa npo6 MeTanna OT o6ny'-leH­
HOro o6pa31..(a 

~ 54Mn 6 y.neJibHOH aKTHBHOCTH B npo ax MeTa.JI-

Jia, OT06paHHhlX OT HeKOT0pbIX o6pa3UOB 

(pHc. 5), H 11x nocnenyiow.ero conocnsnemrn: 

C pe3yJibT8TaMH OTHOCHTeJlbHhIX H3MepeHHH. 

IIorpeilIHOCTb onpe,lleJieHirn aKTHBHOCTH 
54Mn 

B oc 3THM cnoco6oM COCTaBJH!eT ~ 4,5 %. 
Ha pHc. 6 rrpHBe,lleHbI pacnpe.neneHID1 no 

BbICOTe rHpllHH,llbI OTHOCHTeJihHbTX, ycpe,llHeH­

HbIX no KOHTeHHepaM aKTHBHOCTeH 
54Mn s 

oc, o6nyqaBillHXC.Sl s peaKT0pe c ITOJIHOH aK­

THBHOH 30HOH H c K3. BH.llHO, qTo ycTaHOBKa 

K3 npaKTH'IeCKH He BillUl.eT Ha cpopMy aKCH­

aJibHOfO pacnpe,lleneHHH II0JI.Sl 6bICTphIX Heih­

p0H0B B KaHanax OC. 

2.2. Pe3yJ1bmamb1 pac1JemH0-3Kcnepu­
.MeHtna.nbHbtX uccJ1eooBaHuii. u cpaBHeHue 

yc110Buii 0611yl/eHuJl OC B peaKmopax 
c no11Hoii aKmUBHOU 30Hoii u c K3 

C uenh10 onpenen eHHH ycnoBHH o6nyqc­

HH5:I oc BbIIIOJIHeHhI HeHTJ)OHHbJe pac':leTbI 

,llJIH Ka)K.LJ;0fO T0IIJ1HBH0f0 IlHKJia o6nyqeHH5:I 

o6pa3UOB. CpaBHeHHe nony':leHHhIX B pe3yJ1b-
~ 54M TaTe pacqeTa aKTHBHOCTeH n B MaTepHane 

o6pa3UOB C 3KCrrepHMeHT0M npHBO.D;HTCH Ha 

pHC. 7 a) ,llJIH o6pa3UOB, o6nyqaBIIHfXCH a pe­

aKTOpe c nonHOH aKTHBHOH 30HOH, 11 Ha puc. 7 
6) .D;JIH o6pa3UOB, o6nyqaBllIHXC}I s peaKTope c 

K3. 
)],Jl}I OC, 06nyqaB1IIHXC5:I B peaKTope c K3, 

cpe.nHee 3Ha'-leHHe 0THOllieHH}I P/3 pactJeTa K 

3KcrrepHMeHTY cocTaBJI}IeT 1,05. IIpu 3T0M 

.D;JUI KOHTeHHepoB N2.NQ 3 .. . 20, pacn0JIO)KeH­

HbIX B rrpe)lenax aKTHBHOH 30Hbl peaKTOpa, Be­

JIH'IHHa p 13 He npeBblllJaeT 3Ha'leHHR 1, 1, a 

)lJIH 1-ro H 2-ro KOHTeHHepoB, o6nyqaBIIIHXCH 

Bblllle rpaHHIJbl aKTHBHOH 30Hbl, p a3JIWIHe Me­

)K)ly pacqeTOM H 3KcnepHMeHTOM yseJIM'IHBa­

eTCH H )l0CTHraeT 1,36 11 1, 14, C00TBeTCT­

BeHH0. 
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P11c. 6. CpaBHeH11e pacnpe.uenemu1 OTHOCHTeJlbHblX aKTHBHOCTeH 
54Mn B rnpm1H.uax OC, 06n)'1-laBw11xcJ1 B 

peaKTopax c non HOH aKTHBHOH 30HOH 11 c K3: A - 06ny'-leH11e B peaKTope c K3, • - 06ny'-!eH11e B peaKTope c 

nonHoH aKTHBHOH 30HOH 

~ OC, 06nyqaBim1xcR B peaKTope c 

nonHoH aKTHBHOH 30HOH, cpe.nHee 3HaGeHHe 

OTHOilleHHH pac'-leTa K JKC□epHMeHTY COCTaB­

JrneT 0,99. ,nnH KOHTei1Hepos NQNQ 2 ... 20 
senH'-IHHa P/3 HaXO.lIHTCH B ,nHa□a30He 0,94 . . . 
1,06, a .nnH caMoro sepxHero KOHTeHttepa nrp­

MH.llhI OTHOllleHHe pact.JeTa K JKcnepHMeHTY 

COCTaBJUl.eT 0,74. 
B uenoM tteo6xoattMO OTMeTHTh y.nosneT­

sopttTem,Hoe COOTBeTCTBHe pacGeTa JKcnepH­

MeHTaJJbHblM pe3ynhTaTaM, o.nHaKo B o6oHX 

cnyqaHX .nM sepXHHX KOHTeHHepoB, o6nyqa­

IOIUifXCH BbillJe rpaHHUhl aKTHBHOH 30Hhl, pac-
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XO)K,lieHHe pact.JeTa H JKCIIepHMeHTa .lIOCTaT0'-1-

HO BeJJHKO. 

IlorryqeHHhIH Jq>q>eKT MO)KeT o6oHCHHTbCH 

TeM, '-I.TO MeTO.n CHHTe3a ( l ), npHMeHHeMhlH B 

paC'-leTe, .naeT He,llOCTaTO'-IHO KOppeKTHbie pe-

3YJ1bTaTbl .nnH o6pa3U:OB, 06nyqa1-0IUHXCH 3a 

npe.nenaMH aKCHaJJbHbIX rpaHHU aKTliBHOli 30-

Hhl peaKTOpa. 

Ha OCHOBaHRH pe3yJI1,TaTOB pac'-leTa H 

JKCIIepHMeHTa cornaCHO npoue.nype, OIIHCaH­

HOH B [9], BhmonHeHo onpe.nenettae ycpe.n­

HeHHOH 3a BpeMH o6nyqeHRH IIJ10THOCTli IlOTO­

Ka 11 q>moettca Heihpottos c Jseprnett E > 0,5 
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6) 

P11c. 7. CpaBHeH11e pac'-leTHblX 11 3Kcnep11MeHTaJ1bHblX aKTHBHOCTeH 
54Mn BOC, 06ny'-laBw11xcJ1 B peaKTope 

K3 (a) f,f B peaKTope C OOJlHOH aKTHBHOH 30H0H (6): • - 3KCnepHMeHT, □ - pacl.feT 
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P11c. 8. YcpetlHeHHble 3a BpeMJI 0611yYeHH.II pacYeTH0-3KCnepHMeHTaJlbHble nJl0TH0CTH noT0Ka Hei1-rpOHOB C 

E > 0,5 M38 B rnp11.IIHJlaX c o6p83UaMH, 0611y-yaBWHMHC.II B peaKTopax c no11Ho11 aKTHBHOH 30HOH H K3: • -
nJl0TH0CTb n0TOKa HeHTJ)OHOB Ha oc s peaKTope c K3, & - nJl0TH0CTb noT0Ka HeHTpOHOB Ha oc s peaKTope 

c no11Ho11 aKTHBHoi-i 30HOH 

M3B, so3.n.eif CTB0Basurnx Ha QC rrpH 06J1yqe­
HHH B peaKTopax c rroJJHOH aKTHBHOH 30HOH H 
cK3. 

Ha pHC. 8 rrpHBe.n;eHbl ycpe.n;HeHHI,Ie 3a 
see speW! o6nyqemrn pacqeTH0-3KcrrepHMeH­
Ta.JThHhie IIJJOTHOCTH IIOTOKa HeihpoHOB C E > 

0,5 M3B B rnpmrn.n;ax c o6pa.3UaMH, 06.11yqas­
IIIHMHCH B peaKTOpax C ITOJlHOH aKTHBHOH 30-

HOH H K3. CpaBHeHHe rroKa.3hJBaeT, 9TO B pe­
aKTope c rroJJHoH aKTHBHOH 30HOH cKopocTo 
o6nyqeHHR QC B ~ 5,2 pa.3a Bblllle, '-IeM B 
peaKTOpe c K3. 

Alia.JIH3 IIOKa.3bIBaeT, '-ITO BJlHRHHe K3 Ha 

ycJJOBHJI 06.11yqeHH$1 QC 3aKJJIO'rneTcR He 
T0JlbKO B CHIDKeHHH IIJlOTH0CTH II0TOKa HeHT­
p0HOB, B03,ll.eikTBYJOmHx Ha o6pa.3Llhl, HO H B 
cymecTBeHHOM H3MeHeHHH HeHTpOHHoro cne­

KTPa. Ha pHC. 9 np,rne.n;eHO cpasHeHHe 0TH0-
rneHIDI nnoTHOCTH noToKa tteHTPOHOB c E > 
0,5 M3B K IT.llOTHOCTH IIOTOKa HeihpoHOB C E 
> 3,0 M3B (TaK Ha.3bIBaeMoro cneKTpaJJbH0ro 
HH,n;eKca Slo.s,3.0) B Kattanax QC peaKTopos c 
IIOJJHOH aKTHBHOH 30HOH H K3. 

Cpe.n;m1e 3HaLJemrn Be.JIH'-IHHhI Slo.s/3.o s 
KaHanax QC peaKTopos c no.JIHOH 30HOH w K3 
pa.3.IIH'-IaIOTC.H. s ~ 1,3 pa.3a H C0CTaB.IIHIOT 1 1, 9 
H 15,4, COOTBeTCTBeHH0. 

XapaKTepttaH cpopMa pacnpe.n.eneHHH 
Slo.s/3.0 o6yC.JIOBJleHa B.JIIDIHHeM rpaHeHbIX II0-
HCOB, cpHKCHpYJOmHx Bblropo.n.Ky peaKTopa 
(cM. pHC. 4). Mm1rno OTMeTHTb cymecTBeH­
HOe BJlIDIHHe rpaHeHbJX IIOHC0B Ha xapaKTe­
pHCTHKH IIOJlH HeHTp0HOB B KaHa.Jiax QC H 

Ba)J(H0CTb HX yqern IIpH Bhill0JlHemm Heih­
p0HHl>IX paC'-IeT0B. 

Cymecrnettttoe pa.3nwrne cpopMhI cneKTPa 
B KaHanax QC peaKTOp0B C IIO.llHOH aKTHBHOH 
30HOH H K3, a TaIOKe ttepaBH0MepHoCTh pac­
npe.n;eneHHH cneKTpa.JibH0rO HH,ll.eKca II0 Bbl­
C0Te KaHaJJ0B c QC Heo6xo.n;HMO npHHHMaTb 
BO BHHMaHHe rrpH aHaJJH3e BbIII0JlHeHHbIX pa­
Hee Hccne.n;oBaHHH QC BB3P-440. 

3. CpaeneHHe yCJIOBHH 

o6Jiy1.feHHH OC H KP 

llp11 npoBe,n;eHHH cpasmITeJ1hHoro aHaJJH-
3a yc.JIOBHH HeHTpOHHOro o6nyqeHHH MeTaJJJla 
Ha KP H B KaHa.Jiax QC MO)l(H0 Bbl.n;emITo .n;Ba 
0CHOBHbIX q>aKTOpa - II.JIOTHOCTb II0TOKa Heii­

Tp0H0B c 3HeprHeH E > 0,5 M3B (q>>o.s) H cpop­
Ma 3HepreTHtieCK0f0 crreKTpa 6bICTphlX HeiiT­
p0H0B. 

B uenHX oueHKH npe.n;cTaBHTem,HocTH yc­
.JIOBHH o6nyqeHH.H. OC rrpoBe.n.ettbI pact.JeTbJ 
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P11c. 9. Pacnpe.n.e11ett11e aeJJH411HbI cneKTJ)aJibHOro 1rn.n,eKca SI0 5:3.0 a KaHaJiax OC KP c non HOH aKTHBHOH 

30HOH 11 K3: • - SI05,3 0 a KOHTeHHepax c OC a peaKTOpe c K3, A - Slo513 o a KOHTeHttepax c OC a peaKTope c 

noJlHOH aKTHBHOH JOHOH 

nJIOTHOCTH noTOKa H cpmoeuca 6hICTpbIX HeHT­

pOHOB Ha BHyrpeHHeH noBepXHOCTH KP C non­

HOH aKTHBHOH 30HOH H K3 3a nepHOJJ., COOT­

BeTCTB)'IOlUHH o6n)"ieHHIO B HHX OC. 
PactJeTbl BbIIlOJIH.HJIHCb cornaCHO npoueJJ.ype, 

OilHCaHHOH B n. 1. ITOJI)"ieHHbie pacnpeJ].eJie­

HHH ycpe,UHeHHOH 3a apeMH o6JI)"ieHH.H OC 
nrrOTHOCTH nOTOKa 6hICTpbIX HeHTpOHOB Ha 

noaepXHOCTH KP 11 paC4eTHO-3KCnepHMeH­

Ta.Jll,HOH IIJ1OTHOCTH nOTOKa HeHTpOHOB Ha QC 
npHBe)J.eHbl Ha pHC. I 0. 

B Ka4eCTBe KOJIH4eCTBeHHOH xapaKTep11c­

THKH onepe)f(eHH.H o6JI)"ieHH.H oc no OTHOllle-
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HHIO K KP HCTIOJlh3yeTC.H K03cpcp11u11eHT one­

pe)J(eHM.H (KO) - aemrirnua, paBHM ornowe­

HHJO pac4eTH0-3KCnepHMeHTaJibHOH BeJIHlfH­

Hbl <Pmoettca HeHTpOHOB c £ > 0,5 M3B Ha 

oc 3a BCe BpeM.H HX o6n)"ieHH.H K MaKCHMaJib­

HOMY 3Ha4eHMIO cpn10ettca B paccMaTp1-rnae­

MOM 3JieMeHTe KP 3a TOT )Ke nepMOJJ., 

KO=F>0:S (P/3)/F>~~5 • (2) 

ITOJI)"iaeMbJe TaKHM o6pa30M 3HalfeHH.H 

KO 6onee npeJJ.CTaBJiTeJibHhI no cpaBttemuo c 

KO, onpeJJ.eneHHhIMH JJ.JIH KOHKpeTttoro Ton­

JIHBttoro UHKJJa, noCKOJlbKY )"iHTbIBaIOT BJIIUI-

l,E+l2 
. , ••••••• ♦ ♦ 

♦ 
♦ 

g 1,E+ll 
21.5 CM 85 CM ♦ 

♦ f-
0 
C: 

..0 
f-
g 1,E+I0 
:c 
f-
0 
c:; 
c:: 

1,£+09 

0 50 100 150 200 250 
BblCOTa OT HH3a aKTHBHOH 30Hbl, CM 

6) 

P11c. I 0. AKCHaJlbHble pacnpe.n,eJlCHHSI nJlOTHOCTH noTOKa HeHTpOHOB C £ > 0,5 M38 B MeCTaX o6ny4eHHSI 

OC H a MaKCHMyMe a3HMYTMbHOro pacnpe.n,eneHHSI Ha BHYTpett11ei1 noaepxHocrn KP c K3 (a) 11 peaKTopa c 

non HOH aKTHBHOH 30HOH (6): • - OC, --- KP 
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6) 

P11c. 11. Pacnpe,D.eneH11e KO no KOHTei1HepaM rnpnRH.D. OC .D.nR KP c K3 (a) 11 c nonHoH aKTHBHOH 30HOH (6): 
• - KO ,D.nR CBapHoro wBa Jfg 4, ■ - KO .D.nR ocHOBHOro MeTanna 

HJfe pa:rnH'-IHbIX TOilJUIBHbIX 3arpY30K aKTHB­

HOH 30Hbl H pe)I<HMa pa60Tbl peaKTOpa 3a Beeb 

rrepHO.U o6JJy'1IeHHR. 

Ha OCHOBaHHH orrpe.ueneHHbIX pactJeTH0-

3KCrrepHMeHTaJJbHbIM MeTO.UOM 3HatJeHHH 

qmroeHca 6b1crpbIX HelfTPOHOB Ha oc H pac­

tJeTHbTX 3HatJeHHH q)JJJOeHca HeHrpOHOB Ha 

BHyrpeHHeH ITOBepXHOCTH KP C TIOJJHOH aK­

THBHOH 30HOH H c K3 rronj'1IeHhl 3aB11c11MocTH 

KO OT ITOJJO)KeHHH KOHTeHHepa c oc s o6ny­

qaTeJJbHOM KaHane. CooTBeTcTsyroru11e pac­

rrpe.uenemrn npHBe,ueHhI Ha pHc. 11. 
MHHHMaJJhHble 3HatJeHlUl KO .uocTHraIOT­

CH B BepXHHX KOHTeHHepax rnpJ]j{fl.u, npH 

3TOM 60JJbIIJeH tJaCTH KOHTeHHepos rnpJJHH,Ubl, 

pacrroJJO)KeHHhIX HanpOTHB aKTHBHOH 30Hbl 

peaKTopa, COOTBeTCTByeT MaKCHMaJJbHOe 3Ha­

qeHHe KO. 

B peaKTOpe c K3 o6pa3U.hI-CBH,UeTeJJH, yc­

TaHOBJJeHHhie HanpoTHB aKTHBHOH 30HhI, 06-

.rryqaIOTCH npH ITJJOTHOCTH TIOTOKa 6bICTPbIX 

HeiiTpOHOB npHMepHO B 6,8 pa3 60JJbIIJeH, tJeM 

IlJJOTHOCTb IlOTOKa Ha KP Ha ypOBHe u.eHTpa 

aKTHBHOH 30HhI, H npHMepHO B 10,5 pa3 60JJb­

llieH, tJeM IlJJOTHOCTb TIOTOKa Ha ypOBHe CBap­

HOro llIBa .N!! 4. nonm,rn .UHalla30H H3MeHeHH:j{ 

BeJIH-qJ,IHhI KO no rnpmrn.ne c QC cocTaBJJHeT 

OT 0,34 .no 10,8 .UJJH MeTanna csapHoro urna .N!! 
4 H OT 0,22 .uo 7 ,0 .nmi: o6JJaCTH Ha ypOBHe 

U:eHrpa aKTHBHOH 30Hbl (OCHOBHOH MeTaJJJI). 

B peaKTOpe C TIOJJHOH aKTHBHOH 30HOH 

OC, pacnoJJO)KeHHbie B o6nacTH "nnaTo" BhI­

coTHoro pacnpe.neneHHH HeHTpOHHOro TIOTO­

Ka, 06Jiy'1IaIOTCH B ycnosm1x, np11 KOTOpbIX 

IlJJOTHOCTb IlOTOKa B - 11,5 pa3 npeBbIIIJaeT 

IlJJOTHOCTb TIOTOKa Ha OCHOBHOM MeTaJJJJe (Ha­

nponrn aKTMBHOH 30Hhl) H B - 18 pa3 - Ha 

ypoBHe CBapHoro IIIBa N!! 4. ITonHhIH .UHana-

30H H3MeHeHH:j{ BeJJHtJHHhI KO .nmi: ocHOBHoro 

MeTanna H csapHoro urna .N!! 4 cocTaBJJHeT 

0,59 ... 11,88 u 0,91 .. . 18,34, COOTBeTCTBeHHO. 

KaK ~e CKa3aHo, TIOJJj'1IeHHhie pactJeTH0-

3KcnepHMeHTaJJbHbie 3HatJeHH:j{ KO HBmi:JOTCH 

ycpe,nHeHHbIMH 3a ,nmlTeJJbHbIH nep110.u o6ny­

tJeHHH (.UJJHTeJJbHOCTb o6JJy'1IeHHR QC rrpeBbl­

lliaeT 20 KaMIJaHHH B CJJy'1Iae peaKTOpa KaK c 

rronttoii aKTHBHOH 30HOH, TaK 11 c K3). ITpoBe­

.neHHhIH aHaJJH3 IIOKa3aJJ, 'ITO B peaKTopax C 

nonHoii aKTHBHOH 30HOH BeJJHtJHHa KO ,UJ}j{ 

OC, pacnoJJo)KeHHbIX HarrpoTHB ueHrpa aK­

TKBHOH 30Hhl, cna6o 3aBHCHT OT KOHqmrypa­

u1m 3arpY3KH aKTHBHOH 30Hh1 peaKTOpa H H3-

MeHReTCH B npe,nenax 5 ... 8 % .UJIH pa3HbIX 

3arpY30K . 

B peaKTope c K3 JaBHCHMOCTh senH'lHHhI 

KO .UJJH OC, pacnono)KeHHbIX HanpoTHB lleHT­

pa aKTHBHOH 30Hbl, OT xapaKTepa TOilJIHBHOH 

3arpY3KH cyruecTBeHHO Bblllie (.umi: pa3HbIX 

KaMIIaHHH pa3JIH'Il1'1 .UOCTHralOT 35 %). 
KO .un.s1 sepxHHx KOHTeiiHepoB c OC 3a­

BHCHT OT rrapaMeTpOB TOilJJHBHOH 3arpY3KH 

3Ha'lHTeJihHO CHJibHee. TaK, .UJJ'1 peaKTOpOB C 

nonttoii aKTHBHOH 30HOH BeJJHtJHHa KO .UJJR 

Bepxttero KOHTeHHepa (.N!! l 11 .N!! 20) no OTH0-

rneHHlO K OCH0BH0MY MeTaJJJIY B KaMnaHIDIX 

co CBe)KHMH T0TIJIHBHbIMH KacceTaMH Ha rre­

pmpepHH C0CTaBJJ.lleT ~ 0,28. B KaMTiaHIDIX c 

CHJJbHO BhlT0peBIIIHMH nepH<pepHHHhIMH 
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TBC, ycrnH0BJJeHHbIMH HanpoTHB KaHana c 
OC, senw-nrna KO YBeJJM1IHBaeTcH B 1,5 pa3a 
H nocTHraeT 3Ha1Iett11ii ~ 0,4. AHanor111IHrur 
KapTHHa tta6monaeTc.H H .D.JJH OC, o6nyqaI0-
1UHXC51 B peaKTope C K3. 

CnenyiomHH Ba)l(Hhrn sonpoc, B03HHKaI0-
1UHH npH cpaBHeHHH ycJJOBHH o6nyqemrn oc 
H KP, - yqeT BIIl1mHH cneKrpa 6b1CTphIX HeH­
rpoHoB npH nepeHoce pe3yJibTaT0B HCTThITa­
HH51 oc Ha BHyrpeHHIOIO nosepXH0CTh KP. 

B011.ny 60JibllJOro K0JlMlJeCTBa cpaKTOpOB, 
onHoBpeMeHH0 B03.nei1cTBYJOIIU1X Ha OC 11 KP 
npM o6nyqeHMH, 3KCnepHMeHTaJJhH0e HCCJJe­
)].0BaHHe naHHOH npo6JJeM.bI npencTaBJJ.HeTCH 
BeChMa CJJ0)l(HhIM. 3aBHCHMOCTb II0Bpe)K)].aIO­
IUeH crroco6HOCTH 6brcrpblX HeHrpOHOB OT 
cneKTpa M0)KeT 6bTTh oueHeHa, 0CH0BhIBaHCh 
Ha cpaBHemrn BeJIH1IHH HHTerpaJihHhlX ceqe­

HHH cr;~'.~ o6pa30BaHH51 CHA ( CK0p0CTb o6pa-

30BaHMH CMeIUeHHH Ha aTOM) C rroporoM 0,5 
M3B, paCClJHTaHHblX )].JI.H C00TBeTCTBYJOlUHX 
rpynrr0BbIX HeHTpOHHhlX cneKrp0B B )].l-taIIa:30-
He 3Heprni,i OT 0, 111 no 17 ,3 M3B. Jl:nH pacqe­

Ta cr;~~ npHMeHetta 3Hepren1qecKaH 3aBHCH-
.6 

M0CTh CHA .D.JI51 ' Fe B cTanH 113 6H6mrnTeKH 
naHHhTx IRDF2002 [ 1 O]. 

BeJIHtJHHa cr;~1
~ onpenenHeTCH KaK 

CHA ~ CHA 11) 
cr >O.s = ~ cr g <pg <p>o.s , (3) 

rne <p; - rpyrrrrosoi1 crreKrp HettrpottoB, 

cr~HA - rpyrrnoBoe ce1IeHMe o6pa3oBamui: cMe­

mem1if. 

3 CHA V HatJeH.11:e (j>0.5 Ha BHyrpetttteH TT0BepXH0-

CTH KP BhIUie, 'IeM Ha oc, Ha ~ 8 % )].JJH 

peaKTopa C IIOJIHOH aKTHBHOH 30HOH H Ha ~ 12 
% .D.JI51 peaKTopa c K3. I1onyqeHHh1e K0JIH­
qecrneHHhie 01..{eHKH xapaKTepH3YJOT C00TH0-
UieHH.H BeJIH1IHHhI CHA Ha OC 11 KP rrpH 
0)].HHaK0B0M cpmoettce HeHrpOHOB C :rneprneii 
E> 0,5 M3B. 

TTpoBenettttoe cpastte1rne pactJeTHhIX 3Ha­
'IeHHH aKTHBH0CTH 54Mn B MaTepHane OC c 
pe3yJibTaTaMH H3MepeHHH IIOKa3aJJO Y.D.OBJleT­

BOpHTeJihHOe COOTBeTCTBHe pacqern 3KCnepH­

MeHTaJihHbIM pe3yJihTaTaM: 
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- .D.IIH OC, 06nyqaB11JHXCH B peaKTope c non­
HOH aKTHBHOH 30HOH, cpenHee 3Ha9eHMe OT· 
IIOUJemrn pactJeTa K 3KCIIepHMeHTY COCTaBmI· 

eT 0,99, a C00TBeTCTBYIOlUcUl BeJil,fq),fHa ,[(JI~ 
OC, o6nyqeHHhIX B peaKTOpe c K3, paBHa 
1,05; 
- B o60HX cnyqaHX )].JIH KOHTeHHepOB, pacno­
JJO,KeHHbIX B npenenax BhICOThI aKTHBHOH 30· 

HbI peaKTopa, paCXO)K)].eHHe pactJeTa H )KCne­

pHMeHTa He rrpeBbJUJaeT 10 %, a )].JIH KOHTeH • 
HepoB, pacrrOJJO)KeHHblX Bhlllle BepxHeH rpa­

HHUbI aKTHBHOH 30HbI, )].0CTHraeT 36 %. 
Bnmnrne K3 Ha ycnoBirn o6JiyqeHH.H OC 

38KJJfOqaeTCH B CHH)KeHHH IIJJOTHOCTH IIOTOKa 

tteHTpOHOB, B03.D.eHCTBYJ01UHX Ha OC, 11 B cy­
mecTBeHHOM H3MeHeHHH HdirpOHHOro cne­

Krpa: 

- cpenHIDI IIJJ0TIIOCTb Il0TOKa HeHrpOHOB, B03· 
nei-icTBOBaBUJHX Ha oc B peaKTOpe C TIOJIHOl1 
aKTHBHOH 30HOH, npeBhIUJaeT aHaJIOTH'-IHOE 

3HaqeHHe )].Jljl o6pa3UOB, o6nyqaBWHXCH B pe­
aKT0pe c K3, B ~ 5,2 pa3a; 
- cpenHHe 3Ha4emtH seJJJflJlffihI SI0.513_0 B Ka­
Hanax OC peaKTopoB c nonHoH 30HOH 11 K'.:; 
pa3JJl11!aIOTCH B ~ 1,3 pa3a 0 C0CTaBJJ.srIOT 11,S 
H 15,4, C00TBeTCTBeHH0. 

Pe3yJJhTaThl pacqeTOB IIOKa3hTBaIOT, t{T( 

pacnpeneneHHe Bemt'lHHhI cneKrpaJibHoro HH· 
neKca no BhICOTe KaHaJJOB oc HepaBHOMepHC 

H 11MeeT xapaKTepHble BCilJJeCKH Hanponu 

rpaHeHbIX II0HC0B, cpHKCl1PYJOil.lHX Bbirop0)lK) 
peaKrnpa. 

CKopocTh 06nyqeHm1 OC, ycrnH0BJieH­
HhIX HarrpOTl1B l.{eHrpa aKTHBHOH 30HhI, npe­

BbWJaeT aHaJJ0TH'lHYJO BeJJl11IHHY Ha BHyrpeH• 
Hett noBepXH0CTH KP s o6JJaCTH 0CH0BH0T( 
Mernnna 11 cBapHoro wsa NQ 4 B peaKTope c 
K3 C00TBeTCTBeHH0 B 10,5 H 6,8 pa3, a 1 

peaKTope c nonHoH aKTHBHOH 30HOH cooTBeT 
CTBeHH0 B 11,5 H 18 pa3 ( cpaBHl1BaI-OTCH 3Ha 
4eHl1H TTJJ0TH0CTH II0T0Ka HeHTpOHOB C £ > 0,~ 
M3B). 

B peaKTOpe C IJOJIHOH aKTHBHOH 30HOH Be 

JlHlJHHa K03cpq>Hl.(HeHTa orrepe)KeHJ,ljl )].JI51 oc 
pacrrOJIO)l(eHl-fbIX HanpOTHB l.{eHrpa aKT11BHOi 

30Hhl, 3aBHCl1T OT 3arpY3KH cna6o (B apeneJJaJ 

5 ... 8 %), s rn BpeM.H KaK B peaKT0pe c K: 
pa3JIH4H51 )l0CTHralOT 35 %. 

TToJiyqeHHhJe pe3yJJhTaTbl o6bHCIUIIOTC: 

TeM, 'ITO B cnyqae peaKT0pa C IIOJIHOH aKTHB 
HOH 30HOH Kattan C oc pacrr0JJ0)l(eH B o6nac 



TH M8KCHMy-Ma 8.3HMyra.IlhH0ro pacrrpe,D,eJJe­

HIDI IlJl0TH0CTH Il0T0Ka 6bICTpbIX HeihpOHOB, 

T .e . noJJe 6hICTpbIX HCHTpOHOB Ha oc 11 B o6-

Jl8CTH M8KCHMa.IlbHOH Harpy3KM Ha BHyrpeH­

HCH II0BepxH0CTH KP cpopMHpyeTC51 0,D,H11MH H 

TeMH )Ke TBC, 11 cooTH0UJeHHe seJJHlfHHhI 

ttdiTpOHHOH HarpY3KH B 3THX MCCTaX rrpaKTH­

qeCKH He 38BHCHT OT CXCMbl 3arpY3KH 8KTHB­

HOM 30Hhl. 

ITpH YCTaH0BKe K3 Ha rrepHcpepmo 8KTHB­

HOM 30Hbl M8KCHM)'M 8.3HMYfa.IlbH0ro pacrrpe­

,D,eJJeHIDI II0T0Ka 6hICTpbIX He:ttTpOHOB CMema­

eTC51 c ~ 30 rpa,D,ycoB Ha ~ 12,5 rpa,D,yC0B, B 

CBH3H C l:leM II0Jle 6hTCTpbIX HeHTpOHOB Ha oc 
11 B o6JJaCTH M8KCHMa.IlbHOH Harpy3KH Ha BHY­

TpeHHeH rroBepxHOCTH KP cpopMHpyeTCH pa.3-

Jllll:IHbIMH TBC, H rrp51MOH 38BHCHM0CTH Me)K­

JJ.Y CK0p0CThTO 06JJY1IeHID1 B 3THX Il03HUH51X 

HeT. 

KmcpcpHUHeHT onepe)KeHHH o6JJyqeHHH 

,D,JUI BepXHl1X KOHTeHHepoB C oc cymecTBeH-

80 38BHCHT OT napaMeTp0B 3arpY3KH }lJUI pe­

aKT0p0B KaK c K3, TaK H c norrttoi-i aKTHBHOH 

30HOH. IlpH ycTaH0BKe Ha nepHcpepHro 

aKTHBHOH 30HhI Hanponm KaHMa c OC TBC c 

60JibIIIOH rny6HHOH BbIT0paHH51 BMeCT0 CBe­

)KHX TBC BeJJH'lliHa KO Ha BepxtteM KOHTeH­

Hepe ysem11.fHBaeTc51 no 1,5 pa.3. TaKOH pe-

3YJJbTaT o6b51CH51eTC51 cyrn:eCTBeHHbIM p8.3JIH­

l:IHCM cpopMbI BbIC0TH0ro pacnpenerreHIDI 0T­

H0CHTeJlbH0ro 3Hepr0Bbl}leJieHHH B CBe)KHX H 

BhrropeBllIHX nepHcpepHHHhIX TBC. 

BhmOJJHeHa ouettKa noBpe)Knaromeii crro­

co6ttocTH B 38BHCHMOCTH OT HCHTpOHHOro 

CIIeKrpa B TepMHHax HHTerpanbHbIX ceqeHHH 

06pa.3osaHID1 CHA c rroporoM 0,5 M3B. P8.3-

JJH1UUl Me)KJJ.y senwrnuoii CHA Ha OC 11 Ha 

BHYTpCHHeH Il0BepXH0CTH KP rrpH 0}lH0M H 

TOM )KC 3H8l:ICHHH <pJJTOettca 6hICTphIX HeHTpO­

H0B c E > 0,5 M3B }lJl.51 BB3P-440 c IlOJlHOH 

30HOH H K3 6JIH3KH H He rrpeBbllll8lOT ~ 15 %, 
lJT0 C0OTBeTcTByeT xapaKTepHblM 3Hal:leHIDIM 

norpenrHOCTH paCl:ICTH0-3KcnepHMCHT8JlbH0r0 

onpe,D,eJieHH.H cprrroeHca 6hICTpbIX HCHTpOHOB 

Ha OC H BH)'TpeHHeH rrosepxttoCTH KP BB3P-

440. 

ABTOpbl Bblp8)K8JOT IIp113H8TCJibH0CTb 

K.cp.-M.H. C.M. 3apHUKOMY H K.T.H. A.JI. Ero­

posy 38 8KTHBH0e yqacTHe B o6c~eHHH no­

rryqeHHbIX pe3yJJhTaT0B. 
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Y,[(K 621.039.5 

Konuem.tHH peaKTopa HJJ.epnou 311epr0JJ.BHraTeJ1bnou: ycTanosKn c 60J1hmou 
3HCprOBblpa6oTKOH na 0CH0Be TeXH0Jl0rHH SI)),e p11oro paKCTI-IOr0 )),BHraTeJlH 

B.A. llaomyK, A.C. Ka.Mu11cK111,, 3.r. Fopoeeo, B. l/. llMbBa1100, T.A. Typ6u11a, 
Hl1U: "KypYaTOBCKHH HHCTHTyr", 123182, MocKsa, nn. KyptJaTosa, l , 

I'.B. Komoxoo, 
rH~ <l>fYO "U:eHTp Ken)lb1wa", 125438, MocKBa, Otte)KCKaH yn., 8 

nocTyrrHna s pe)laKUHJO 0 1.09.2010 r. 

npeJJJJO)KeHa KOHUenUHSI peaKTopa Sl,D.epHOH :mepro,D.BHraTCJlbHOH ycTaHOBKH, KOTOpaSI 8 3Ha'-IHTeJibHOH 
CTeneHH OnHpaeTCSI Ha Hay'-lHblH, KOHCTpyKTopCKHH H TeXHOJIOrHYeCKHH 1a,n.eJ1, nony'-leHHblH npH pa3-
pa60TKe 0Te1.JecTBeHHoro H.D.epHoro paKCTHOro .us11raTeJIS1 (peaKTopb1 HPfHT H PA). O6ocHosaHa B03MO)K­
HOCTb C03}].aHHSI pH.n.a MaJIOra6apHTHblX peaKTOpOB C 60JibWOH :meproBblpa60TKOH npH 06ecne1.JeHHH Tenno­
BOH ycTOHYHBOCTH H Sl,D.epHOH 6e3onacHOCTH 8 WTaTHOM pe)f(HMe H asapHHHblX CHryaUHSIX. 

K r1101fe8ble Cl l08a: SIJJ.epHaSI 3Hepro.D.BHraTeJibHaSI ycTaHOBKa, Sl,D.epHblH paKeTHblH }].BHraTeJib, HPrMT, 
MO.D.YJibHOCTb, 3HeproBblpa6oTKa, TenJIOBaSI ycTOH'-IHBOCTb, SIJJ.epHaJI 6e1onaCHOCTb, 3cpcf>eKTbl peaKTHBHOCTH, 
peryn11py10l.l.lHe 6apa6aHbl, BblfOpatOIJ..lHH norJIOTHTeJib. 

A Concept of Nuclear Thermal Power and Propulsion Reactor with High Power Production Based 
on Nuclear Thermal Propulsion Technology. VA. Pavshuk, A.S. Kami11skiy, E.G. Gordeev, V.Ch. Pal'va­
nov, T.A. T11rbi11a, NRC "'Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182, G.V. Ko11yuk/10v, SRC 
FSUE '"Keldysh Centre", 8, 011ezhskaya St., Moscow, 125-138. 

A concept of nuclear thennal power and propulsion reactor to a great extent based on scientific, design 
and technological reserve obtained during development of domestic nuclear thermal propulsion reactors 
lRGIT and RA is proposed. A possibility of creating a number of small-size reactors with high power 
production providing thermal stability and nuclear safety in the standard mode and emergency situations is 
substantiated. 

Key Words: NTPP, NTP, IRGlT, Modularity, Power Production, Thermal Stability, Nuclear Safety, 
Reactivity Effects, Regulating Drums, Burnable Absorber. 

C03.UaHHe TpaHcnopTHO-:rnepreTH~ecKOH 

CHCTeMbl )lflH pewemrn nepcneKTHBHbJX KOC­

MH'-!eCKHX 3a)la':I Ha 6muKaHwHe .ueCHTHJieTHR 

Tpe6yer npHMeHemrn H)lepttoi1 :rnepro)lBHra­

TenbHOH ycTaHOBKH (513,[(Y) c BbICOKJIMH rra­

paMeTpaMH no y)leflbHOMY HMnynbCY, 3Hepro­

Bbipa60TKe, )lJIHTeJibHOCTH KaMTiaHHH H 3neKT­

p111:1eCKOH MOlllHOCTIL B CBR3H C Hat.fMOM rrpo­

eKTHbJX pa6oT no C03.D.amuo TpaHCilOpTH0-

3HepreTH'-IeCKOro MO.UYJIH Ha OCHOBe .513,[(Y 

MerasaTTttoro KJiacca paccMaTpHBaJOTCR H 06-

C~)laJOTCH p33nHtJHbre KOHUeITUHH H,nepttoro 

peaKTOpa ,nnH TaKOH ycTaHOBKH. 

B KatJeCTBe O)lHOH H3 803MO)l(llblX KOH­

uenUHH TaKOro peaKTOpa MQ)l(CT 6b[Tb npe.n­

flO)l(eHo )lnH )laJibHeHIIIeH npopa60TKH ceMeH­

CTBO cxeMHbIX peweHHH, KOTOpbie 8 3HatJH­

TenbHOH cTerre1rn om1pa10TCH Ha ttayl.IHbIH, 

KOHCTJ))'KTOpCKHH H TeXHOflOrH'-!eCKHH 3a)len, 

nonyqeHHblH IIpH pa3pa60TKe peaKTOpOB l1P-
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fMT H PA )lnH oTellecrneHHoro H)lepttoro pa­

KeTHoro )lBHraTenR (5IP,U) [ 1, 2]. 
TexHH'-!ecK11e peweHIDI, sonnomeHHbie s 

KOHCTJ))'KUHH peaKTOpa 11Pfl1T, onpe)leJUUOT 

803MO)l(HOCTb pa60Tbl peaKTopa Ha 3HepreTH­

qecKOM pe)KHMe s Te':leHHe 1,5 ... 2 JleT npH 

TenJIOBOH MOI.J.lHOCTH 300 KBT (3HeproBbipa-

6oTKa ~ 0,5 MBT·JieT), R)lepHyJO H pa)l11auH­

OHHYJO 6e3onacHOCTb B WTaTHOM pe)l<HMe (3, 
4]. PewaIOlllHM ct>aKTOpOM B Il0flb3Y BbI6opa 

peaKTOpa 11.PfMT B Ka'-!ecrne KOHUCITTYaJibHO­

ro npoTOTHna 513.[{Y MerasarrHoro KJiacca 

HBJIReTCR )lOCTOBepHOCTb napaMerpos, )lOC­

THrHyrbIX B xo.ue KOMnneKCHbIX HaTypHbIX ua-

3eMHbTX HCnbITaHHH rrpOTOTHITOB 5IP ,[( ( CBbIIIIe 

60 MBT Tennosoi1 MOlUHOCTH) 11 R)lepHOH 

:meproycTaHOBKH (~ 300 KBT TenJIOBOH MOlU­

IIOCTH). 

K ,nocTOHHCTBaM cxeMHbIX peweHHM, an­

po611posaHttbJX npH OTpa60TKe npOTOTHna 

5IP ,U, OTHOCRTCH HX xopowaH Macwrn611pye-



MOCTb H 3KOHOMH'IHOCTb B peaJIH3aum1. EcTe­

CTBeHHO, 'ITO npHMeHHTeJibHO K HOBblM rpe-

6oBamrnM peaKTop HPfHT )lOJI)KeH 6h1Tb B 

onpe.rteneHHOH cTeneHH Mo.rtepHH3ttpoBaH. B 

qaCTHOCTH, 3TO KacaeTCH IlOBbilllemrn 3Hepro­

Bbipa60TKH, )lJlHTeJibHOCTH KaMnaHHH H 06ec­

ne11eHHH H.rtepHOH H pa.rtHaI.lHOHHOH 6e3onac­

HOCTH. 

Pattee IlOKa3aHO [5), 'ITO cymecTByeT 

npHHI.lMilHaJibHa.H B03MO)KHOCTb npoBeCTH MO­

.nepHH3aumo peaKTOpa HPfHT H yBen1111HTb 

)lJlHTeJlbHOCTb KaMTiaHHH .no 10 JleT npH Ten­

JIOBOH MOIUHOCTH 300 KBT. B HaCTOHI.I.leH pa-

6oTe c.nenaHa IlOilbITKa HCCJie)lOBaTb B03MO)K­

HOCTb IlOBbiilleHHH 3HeproBhipa60TKH no.rto6-

H0f0 peaKTopa .llO 30 MBT·JleT npH TenJIOBOH 

MOI.I.lHOCTH 3 MBT. 

JJ:nH pa60TbI Ha 3Heprenr11ecKOM pe)KHMe 

Ba)KHbIM o6CTOHTeJibCTBOM HBJIHeTCH TO, 'ITO 

norpe6HaH HarpY3Ka Ha O)lHY TenJJOBbI)leJlHIO­

IUyIO c6opKy (TBC) (no cpaBHeHHIO c pe)KH­

MOM 5IP .ro cymecTBeHHO MeHbllle. TaK, npoe­

KTHaH BeJIH'IHHa .llJlH 5IPJJ: l 1E91 COCTaBJIHeT 

~ 5 MBT Ha O.llHY TBC (.nocTHrHYTM B xo.ne 

HCilhITaHHH ~ 1,6 MBT Ha O.UHY TBC), a B Ba­

puaHTe 513,ZJ.Y c peaKTOpOM TenJIOBOH MOIU­

HOCTbIO 3 MBT 3Ta BeJIH'IHHa HaXO)lHTCH B )lH­

ana30He ~ (0,03 ... 0,10) MBT Ha o.nHy aHano­

rn11HyIO TBC, 11m BO MHoro pa3 MeHbllle. B 

CO'IeTaHHH C npOCTOTOH H BblCOKOH Ha.rte)KHO­

CTbIO KOHCTPYKUHH TBC 3TO .naeT OIITHMHC­

TH'lecKHH npomo3 B 11acTH Tpe6yeMoro pe­

cypca pa60Tb1. 

Bb1pa60TKa pellleHlrn B qacTH MO)lYJlbHOC­

TH OCHOBHbIX c6op011HblX 3JieMeHTOB peaKTO­

pa, H3 KOTOpblX BilOCJie)lCTBHH MO)KHO ccpop­

.MHpOBaTb peaKTOp npaKTH'leCKH mo6oi1 MOII.l­

HOCTH H pa3MepHOCTH, CJI~HT HaH6onee 3KO­

HOMH11HbIM cnoco6oM peaJIH3aI.lHJi 513.ll:Y. 
TBC ,naHttoro peaKTopa no MaTepHaJihHOMY 

COCTaBy H KOHCTpYKUHH o6ecne'IHBaeT MO­

.nynhHOCTb nocrpoeHHH peaKTopa H Heo6xo.nH­

Moe .llJlH MHHHMH3aI.lHH TenJJOBOH HepaBHO­

MepHOCTH pa6otJero Tena (pH3HtJeCKOe 11 rn.n­

paBJIH'leCKOe npocpHnHpOBaHHe. 

0,nHOH H3 OCHOBHbIX npo611eM rrpH C03)la­

HHH peaKTopa 513,[(Y SIBJJHeTCH fIOJJyqeHHe 

Tpe6yeMOH TeMnepaTypbI TeilJlOHOCHTeilll Ha 

BbIXO)le H3 peaKTopa H MHHHMaJlbHblX TeMne­

paTypHbIX HepaBHOMepHOCTeH B TenJJOHOCHTe-

ne H MaTepHanax aKTHBHOH 30Hb1 B Te11em1e 

Bcdi KaMnamm. IlpH 3TOM perynupyeMbie na­

paMeTpbI - TeMnepaTypa H pacxo.n TeilJIOHOCH­

TeJJH, perynupyIOI.I.lHe cpaKTOpbl - MOI.I.lHOCTb 

peaKTOpa H ,naBJieHHe TenJ10HOCHTem1. 

Ha Bcex pe)KHMax pa6oTbI c11cTeMa oxna­

)K.UeHHH .uom1<Ha o6ecne'I.KBaTh TennOByIO yc­

TOHtIHBOCTh B ycJIOBHHX B03M0)KHbIX OTKJIOHe­

HHH H HepaBHOMepHOCTeH 3HeprOBbI.rtenemUI. 

B 061,eMe aKTHBHOH 30Hbl. JJ:onycTHMbie OT­

KJJOHeHJ.rn onpe.nerunoTCH B03MO)KHOCTHMH 

KOMTieHCaI.lHH B03.UeHCTBHH CHCTeMOH perynH­

poBaHHH, ee 6bTCTpO.UeHCTBHeM u TO''IHOCTbIO. 

Ha BbICOKOHanpmKeHHbIX pe)KHMax pa6o­

TbI, xapaKTepHblX mm aKTHBHOH 30Hbl 5I3JJ:Y, 

.[ta)Ke He60JiblllHe OTKJIOHeHirn OT pactJeTHblX 

3Ha11eHHH reoMeTpH11eCKHX H TeXHOJIOrH11ec­

KHX napaMeTpOB (.uHaMeTphl KaHaJlOB, TOJllI.lH­

HbI cTeHoK, KOHUeHrpau11.si: .nemrmerocH aeme­

CTBa H T.rr.), a TaK)Ke MOI.I.lHOCTH peaKTOpa B 

npouecce perynHpoBam1J1, Moryr npHBo,nHTh K 

o6pa3oBaHHIO o6nacTdi MeCTHOro neperpeBa. 

JJ:eikTBHTeJlbHO, npH perynHpHOM H3MeHemm 

TeITJlOBhI.lleJJeHHH no pa.uuycy aKTHBHOH 30Hbl 

O.rtHHaKOBbJe OTHOCHTeJibHhie BeJUl'IHHbl cny-

11aHHhIX OTKJIOHeHHH reoMeTpHtJeCKHX pa3Me­

poB HIHJIH KOHI.leHTpaUHH .ue1rnmerocH seme­

cTBa npHBO.UHT K 66JihlIIHM B03MymeHHHM 

TeMnepaTypHoro noJIH B 30Hax C 66JihlllHM 

BbI)leJieHHeM :rneprHH. 

JJ:nH npOTO'lHOH tJaCTH CHCTeMbl OXJia)K.ne­

HHH, BbIIlOJ1HeHHOH no cxeMe napanneJI.bHhlX 

H30JJHpoBaHHbIX KaHaJIOB, B03HHKHOBeHHe 30H 

MeCTHOro neperpeaa MO)KCT 6bITb CBH3aHo KaK 

C yaerrH'IeHHeM TenJIOBbI.UeJJeHHH, TaK H C B03-

MO)KHbIM rrepepacnpe.rteneHHeM pacxo.ua pa6o­

qero Terra Me)K.uy KaHaJiaMH B COOTBeTCTBHH C 

pa3HbIMH r11.upaBJIH1IeCKHMH conpoTHBJieHIDI­

MH H TeIIJJOBbIMH HarpY3KaMH. ITpH 3TOM B03-

MO)K.HO HaKonrreHHe HepaBHOMepHOCTH TeMIIe­

paTypbl no .UJIHHe KaHaJia. qeM KOpoqe KaHaJI 

c He6rraronpHHTHhIM cotJeTaHHeM OTKJIOHe­

HHH, TeM MeHbllle TeMnepaTypbI B HeM OTJIH­

tJaIOTCH OT paC'leTHbIX. 

B 3TOH CBH3H uenecoo6pa3HO C03,llaHHe 

KOHCTPYKUHH TBC H3 pH.na 6noKos no .umme, 

Me)KJly KOTOpbIMH npe.uycMOTpeHbl cneuHaJib­

HbJe ycrpoifoTBa CMellleHHH (KOJlJieKTOpbI CMe­

weHHH), B KOTOpbIX )l0Jl)KH0 npOHCXO}lHTb BbI­

paBHHBaHHe TeMrrepaTypHbIX HepaBHOMepHOC-
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Tew no ceqemuo. O;:urnaKOBhre OTHOCHTenh­
Hhie OTKnOHeHml napaMeTpOB OT pacqeTHhlX 
3HatJemlH npHBO.LJ;HT K 66nhlUHM OTKJJOHeHHHM 
TeMnepaTyphI TaM, r.n;e 3Halfl,ITenhHhI no.n;orpe­
BhI pa6oqero Tena 11 TeMnepaTypHhie Hanoph1. 
Tio3TOMY Heo6xom1Mo cMememrn 30HbI Bhico­
K.IDC TerrnOBbIX IT0TOK0B s o6naCTh ITOHM)KeH­
HhIX TeMrrepaTyp pa6oqero Tena, '-ITO .n;ocnrra­
eTCH npO.D;0JlhHhlM npocpHnHposaHHeM Terrno­
BhI.LJ;eneHHH. 

HaKOHeu, HaKanmmaIOmMCH HepaBHO­
MepHOCTh TeMIIepaTyphI, xapaKTepHaH .nm Ka­
HaJibHbIX 3neMeHTOB, MQ)KeT 6hITb YMeHhllleHa 
nepexo.noM K K0HCTPYKIUrnM TBC c e.n;IDihlM 
rrpoxo.L{HbIM cetJeHHeM .n;m raJa: cxeMhI Ha oc­
Hose BHThIX CTep)l<HeH, lliapHK0Bhie cxeMhI H 
T.11. BnHHHHe pery1rnpHhIX pamfaJibHhIX H a3H­
M)'TaJibHhlX HepaBHOMepHOCTeH TennOBbI,lleJie­
HHH B peaKTOpe Ha HepaBH0MepHOCTH TeMrre­
paTyp MO)l(eT 6hITb YMeHhllieHo pa.nHaJibHhIM 
4JH3HtJeCKHM H rn.n;pasn11qecKHM npoqrn:nHpo­
BaHHeM, a TaIOKe sse.nem1eM "3aKpyrKH" raJa 
B KOJlbUeBI,IX KaHanax CHCTeMhl OXJla)K.LJ;eHHH. 
TipH o60CHOBaHHH ycnoBHH Ha,lle)l(HOrO oxna­
)1(,ll;eHHH KOHCTPYKUHH cneeyeT paccMaTPHBaTb 
COBMeCTHOe 803}].eHCTBHe rrepelJJ,fCJleHHbIX 
4JaKTOpOB. 

TaKHM o6pa30M, OCHOBHbIMH nyrnMH o6e­
crretJeHHH Ha)],e)l(HOCTH CHCTeMbI OXJla)l(.LJ;eHHH 
MO)l(HO CtJHTaTh: sse.neHHe s KOHCTPYKUHIO 
TBC KonneKTopos CMellieHIDI H c03.n;aH11e co­
crnsaoii no .n;nHHe KOHCTPYKUHH c6opKH .n;m 
CHCTeM Ha 0CHOBe napannenbHblX H30J1Hpo­
BaHHbIX KaHanos; co3.n;am1e KOHCTPYKUHH 
TBC C e.n;HHbIM rrpoXO.LJ;HbIM cetJeHHeM }J.JlH pa-
6oqero Tena; sse.n;eHHe s KOJlbUeBhIX KaHanax 
CIIHpa.rihH0ro ope6peHHH (B03MO)l(Ha rrepHO­
.LJ;HtJecKaH no .n;mrne "3aKpyTKa" raJa); 4JH3H-
11ecKoe npo4JHJ1Hposam1e 3HeproBbI,neneHHH 
(H3MeHeHHe KOHUeHTPau1rn .n;enmuerocH se­
mecTBa no pa.n11ycy TBC H .n;onH 3aMe.nnHTeJIH 
no pa.n;11ycy peaKTopa, Bb16op rnnlUHHbI 6oKo­
soro H rnpuesoro OTPa)KaTendi); rn.n;pasm111e­
cKoe npocpHnHposaHHe TPaKTOB OXJla)l(.LJ;eHHH 
peaKTopa C o6H3aTenhHOH HX rn.npo.n;HHaMHtJe­
CKOH HaCTPOHKOH Ha 3a.n;aHHOe pacnpe.n.ene­
HHe pacxo.n;os [ 6]. 

TaK, HanpHMep, 3a ClleT npaBHJlbHOrO Bhl-
6opa cpopMbl TB1nos H sse.n;eHHH pa,llHaJlbHOfO 
npocpmrn'posamrn TennosbI.llenemrn s c6opKe 
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Ha pe)l(HMe .5IP .n: ( C BbIXO}J.HOH TeMnepaTyp0H 
pa6011ero Tena > 3 000 K) MO)l(HO rronyqHTb 
TeMrrepaTypHYJO HepaBHOMepHOCTb s 100 ... 
150 rpa.n.ycos. 

OTMeTHM, llTO s K0HCTPYKUHH peaKTopa 
l1Pfl1T peaJIH3OBaHbl Bbllilenepet:rncneHHbie 

MexaHH3MhI opram13au1111 npouecca Harpesa 
pa6oqero Tena. Tio3TOMY coxpaHeHHe 3THX 
apHHUHilOB H TIO.LJ;XO.LJ;OB rrpH C03)].aHJrn 3Hep­

roycTaHOBKH Ha OCHOBe TeXHonorm1 .5IPJJ: IIO-

3BOJIHT nonyqHTb TPe6yeMyio cpe.n;HeMacco­
BYJO TeMnepaTypy pa601:1ero Tena Ha Bhrxo.ne 
113 TBC 11 .no6HThCH Tennosoii ycrnwq11socT11 
aKTHBHOH 3OHbl peaKTopa B pea.ribHbIX ycnOBH­

HX HepaBHOMepHOCTeH H B03MymeHHH. 

He MeHee sa)KHOH npo6neMOH, l!eM Terr­
nosaH ycTOH'lJHBOCTb, HBmeTCH jJJJ.epHM 6e3-

onaCHOCTh. QqeBH}J.HO, lJTO npH UOilbITKax MO­

.nepHH3aUHH peaKTOpa l1Pfl1T Heo6XO}J.HMO 
HaihH TaKHe TeXHH1ieCKHe pemeHHH, KOTOpbie 

06ecneq11sa10T H}J.epHyio 6e3orracHocTh peaK­
Topa Ha scex 3Tanax )l(HJHeHHOro UHKJ1a 11 .no­
nycKalOT 3Heproshrpa6oTKy 30 MBrneT. 

CooTBeTCTBeHHO, np11 npose.nemm HeHT­
poHHo-cp11311qecK11x pactJeT0B B o6ocHosaHHe 
rrpoeKTHposaHHH peaKTOpa }J.JlH HCilOJib3OBa­

HHH ero B C0CTaBe .5I3JJ:Y OCH0BHble yc11mrn 
}J.QJ])l(Hbl 6bITh HanpasneHhl Ha HCCne.n;osaHHe 
pa3JIHlJHhIX KOMilOHOB0K peaKTOpa H BhIHSJle­
HHe ero M0,nepHH3aUHOHHOro IIOTeHUHaJia ay­
TeM sapbHpOBaHHH napaMeTpOB aKTHBHOH 3O­

Hbl H OTpa)l(aTem B JaBHCHMOCTH OT rrpe,nbHB­
meMhIX TPe6osaHHH, HaKna,nhrnaeMbIX orpa­
HHtJeHHH H Kp11Tep11es OITTHMH3aUHH ( OT-
6opa ). 

TipH 3TOM OilTHMJBaUHH CHCTeMbl H,nep­

HOH 6e30IIaCHOCTH peaKTopa 513.D:Y Hanpas­
neHa Ha MHHHMH3al(HIO 3cpcpeKTOB, TPe6yio­
IUHX K0MITeHcau1111, H H3bICKaHHe B03MO)l(HQC­
TeH 11x rrap11posamrn c11cTeMoi-i. 3To MO)KeT 
6bITb .LJ;OCTHrHYTO 3a CtJeT YMeHbUieHHH Ha­
'IaJibHOro 3anaca peaKTHBHOCTH rrp11 coxpatte­
HHH .n;n11TeJ1hHOCTH KaMIIaHHH, CHH)l(eHHH no­
JlO)KHTeJlbHbIX 3cpcpeKTOB peaKTHBHOCTH npH 
asapHHHhIX CHTyaUHHX, sse.n;eHHH CBOHCTBa 
CaM03alUHIUeHHOCTH peaKTOpa. 

TipH OTCYTCTBHH Ha ,naHHOM 3Tane .LJ;OCTa­
T0tJHO rny60KHX KOHCTPYKTOpCKHX npopa6o­
TOK .5I3JJ:Y no.no6Horo THIIa npHXO.LJ;HTCH HC­
XO}J.HTb Ht3 Te3HCa O Heo6xo,nHMOCTH r~paHTH-



poBaTb 51,Uepttyro 6e3onacHOCTh peaKT0pa MCK­

JllO'!HTeJibHO 3a cqeT ynpaBJJeHHJl HeifrpOHH0-

qJH3Hl£eCK11MM xapaKTepHCTMKaMH. TaxoJ1: 

rromcon 5rBJrneTC51 3aBe}l0M0 He0ilTHMaJibHblM 

C CHCTeMHOH T0':IKH 3pemrn, 0,UHaK0 .uaeT 

rrpe,ucrnBnesue o cyru,ecTB)'l0IUHX npo6ne­

Max H HeKOT0pbIX B03M0)KH0CTRX HX rrpeono­

JieHlrn a TaIOKe B~ffiBJJReT rrorpe6HOCTh B rro­

HCKe H0BhIX KO'tICTPYKTOpCKHX pememrn:. 

)],rrR no,urnep)K):{emrn Monepmnau110HH0-

ro n0Temi;11ana peaKrnpa llPf11T pacl£eTH.bIM 

rryreM HCCJie,U0BaJI0Cb BJJHRHHe cne.uyroIUHX 

<paKTOpOB: YBem1qeHMe IIJJ0TH0CTH ypaHa B 

TB3Jle, Il0CTaH0BKa B aKTHBHyIO 30HY BhIT0pa­

IOlllero norJI0THTeJIR, H3MeHeHHe K0Jllf'IeCTBa 

TBC □pH coxpaHeHHH HX CTPYKTYPbI H .uo11H 

3aMe}lJIHTeJJJI, pacnoJI0)KeHHe B aKTHBHOH 30-

He KaHaJIOB CHCTeMbl R,n;epHOH 6e3orraCHOCTH 

(C.5IE), H3MeHeHHe KOHCtrnrypauHH aKTHBHOH 

30HbI c KOJJbUeBOH Ha IIIeCTHrpattH)'IO H T.Jl. C 

yqeT0M 3Ha'lHTeJJhH0ro K0JIHl£ecrna BapbHpy­

eMbIX rrapaMerpoB H B p.R,ue cnyqaeB urnpoKHX 

,llliaila30H0B HX H3MeHemur npH pacCM0rpe­

rurn K0MII0H0B0l£HbIX cxeM M0,llepHH3Hp0BaH­

H0ra peaKT0pa B03HHKaeT MH0)KeCTB0 BapHaH­

T0B Il0TeHUHaJibH0 ,ll0CTaT0'lH0 60111,moH K0M-

6HHaTOpHOH M0lllH0CTH. 

IlpoBe,UeHHbie HeHrpOHHO-<pH3Ht.JeCKHe 

pacqeThI orrpe,uerrHJJM ,unR ,uanbttefun:ei1: rrpo­

pa6oTKH HeCK0JlbK0 nepc□eKTHBHbIX (KaHJJ;H­

,llaTHbIX) BapHaHT0B K0MIT0H0B0K peaKT0pa, 

coxpaIU110lllHX rrraBHbJe rrpHHllHillI H no,uxo­

L{hI TeXHorronrn 5£P)],. IlorryqeHHhie ITO K0Mil­

nexcaM pac'leT0B c6anaHcHpoBaHHhre rrapa­

MeTpb1 Bbl6paHHblX K0HCTPYKTHBHbIX cxeM pe­

aKT0pa Il0JlPa3YMeBalOT, 'ITO o6ecne'IHBalOTC51 

rpe6yeMa.R KaMIIaHH.R, ynpaBmreM0CTb B WTa­

TH0M pe)l(HMe H 51,llepHaR 6e3onaCBOCTh KaK B 

WTaTH0M pe)l(HMe, TaK H B aBapHHHbIX ci-nya­

UliRX. 

IlpH rrorryqeHHH c6anaHCHpOBaHHbIX na­

paMerpoB yqHTblBaJICR TOT cpaKT, 'ITO 0TJIH'I.J,f­

TeJibHOH oco6eHHOCTblO :nanoB )KH3HeHHOro 

UHKJJa, CB513aHHhIX C TpaBcnopTHpoBaHMeM pe­

aKT0pHOH ycTaH0BKH H BhIBeL{eHHeM K0CMHl£e­

CK0ra anrrapaTa Ha onopttyro op6HTY, cn~HT 

TO, l£TO peaKT0p HaXOL{HTCR B Hepa6oTaIOIUeM, 

3arrryrneHH0M C0CT0RHHH. O,uttaKO rpaHcrrop­

THble HHl.lH}leHTbl H aBapHH paKeTbI-H0CHTeJrn 

Ha :nane BbrBeL{eHH.R B K0CM0C M0fYT np1rnec-

TMK H3MeHeIDUO KOH<pHryparurn peaKT0pa B 

cTopotty YBeJIH'IeHH.R peaKTHBH0CTH. Onac­

HbTe KOHcjrnrypau1rn peaKT0pa B03HHKalOT B 

aBap11MHbIX CHTyaumrx npH era yrnmnrerIHH B 

pe3yrrhTaTe y.n;apttbIX Harpy3oK 11 npH nona.ua­

HHH 3aMe,UJI.RIOlllHX (Bo,uopo,uoco.uep)l(aIUHX) 

HJIH pacceHBalOIUHX (necoK) HeHTpOHbI cpe.u 

BHYTPb peaKTopa H era 0Kp~eHH.R 3THMH Be­

mecTBaMH.. 

Ilorp~eHHe peaxrnpa B B0L{opo,uoco,uep­

)l(amyro cpe.n;y RBJrneTCR caMOH onaCHOH CHTy­

aulleH, H HMeHH0 otta onpe,uemreT noTpe6Hyro 

3cpcpeKTHBHOCTb )],OIIOJIHHTeJibHOH C5IE. B qa­

CTH0CTH, B pact.JeTHbIX oueHKax npeL{Il0Jiara­

JI0Cb, 'ITO BCe nycT0Tbl BHYTPH peaKTopa 3a­

ITOJIHRIOTC51 H OH 0Kp~aeTC.R 3aMeL{JIRIOTUeii 

HJJH pacceHBaIOllleH cpe.uoi1:. KoHcepBaTHBHbie 

oueHKH H3MeHeffii51 peaKTHBH0CTH rrpH y,uape 

peaKTOpa 0 rpyttT □p0B0,llHJIHCb B npe,urrono­

)KeHHH, l£T0 ynJIOTHeHHe MaTepHaJI0B np0HC­

X0L{HT B aKCHaJibHOM HanpaBJieHHH. 

IlITaTHOH CHCTeMbl peryJIHp0BaHIDJ peaK­

TOpa B aBapHHHhIX CHTyaUH.RX He,U0CTaTO'IH0. 

Ilo3TOMY .urrR K0Mrrettcau1111 nono)KHTeJJhHhIX 

3cj)cpeKTOB peaKTHBH0CTH B aBapHHHbIX CHTya­

UH5IX rrpHMeH5IeTC51 )],0Il0JIHJfTeJlbHa51 C.5!£, oc­

H0BaHHa.R Ha BBe,uemrn nornoruTeneii: HeHT­

pottoB B aKTHBHYJO 30Hy. 

8 3arrryrneHH0M C0CT0RHHH peaKT0pa, K0-

r .ua perym1pyroruHe 6apa6am,1 (PE) noBeptty­

ThI nornoruaIOIUHM HeHrpOHhI CJI0eM K aKTHB­

H0H 30He H TI0rJI0THTeJlli HeHrpOHOB C5IE 
BBe,UeHI,I B aKTHBHyIO 30HY, B aBapHHHbIX CH­

Tyau1rnx rapaHTHpyeTC51 ,ll0CTaTO'IHa51 II0,UKpH­

TH'IH0CTb peaKTOpa (> 2 % M/K). 
BbIITOJIHRIOTCR □pHHUHTibI 0,llKH0'IHOro 

OTKa3a peryrrHpyIOIUHX opraH0B H opraHOB 

C5lli. TaK, Ha□pHMep, ecrrH B WTaTH0M pe)KH­

Me perynHpoBaHHe peaKTopa ocyruecTBJI.ReTc51 

c Il0M0IUbIO TI0B0p0THbIX PE B 6oKOBOM orpa­

)KaTene, TO o6ecnel£HBaeTC.sl Il0L{Kp11TH'IH0CTb 

peaKTOpa > 2 % MIK L{a)Ke rrpH 0TKa3e ,uByx 
PE. 

,[(o□OJIHHTeJibH0e HCIT0Jib30BaHHe Bbir0pa­

lOIUera □0rJI0THTeJI.R Il0BbllllaeT .si,uepHyro 6e3-

orraCH0CTb peaKTopa 3a c'leT YBerrw:remrn cTe­

rreHH era BHyrpeHHeH caM03aIUHIUeHHOCTH. 

Ilp11 3T0M YMettbwaioTc.R KaK HaqarrbHbIH 3a­

rrac peaKTHBH0CTH (qTo CHH)KaeT Tpe6oBaHH51 

K CHCTeMe perynHpOBaHIDI), TaK H II0JI0)KH-
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TeJJbHbJe 3cpcpeKTb1 peaKTHBHOCTH B asapHH­

HblX CHTyaUHHX. Bbiropa10uu1w nornonneJlb 

TaK)Ke o6ecne•-rnsaeT cna6oe HJMeHeH11e Jana­

ca peaKTIIBHOCTH B npouecce KaMnaHHH (< 2 
% llK/K )lJlH HeKOTOpbIX KOMOOHOBOK). 

B Kal.fecrne npHMepa B Ta6nm.{e np1rne.z:i:e­

HbI cpaBHHTeJJbHbie napaMeTpbI .z:i:syx sap11aH­

TOB peaKTOpa, nepBblH H3 KOTOpblX coxpaHHeT 

HaI160JlbllIYJO npeeMcTBeHHOCTb C npOTOTH-

T a 6 JI u ... a na 

ITOM (peaKTOpOM l1Prl1T), a BTOpOH )leMOHCT­

pHpyeT 3Hal.fHTeJlbHbIH MO.LJ.epHH3aUHOHHblH 

noTeHI..{HaJI npoTOTHna. 

3aKJ110lfe1111e 

B Kal.fecrne O.LJ.HOH 113 BOJMO)l(HhIX KOH­

uem.{1111 peaKTopa .5I3)]Y MerasarrHoro KJJac­

ca MO)KeT 6bITb npe.LJ.JJO)KeHo ceMeHCTBO cxeM-

c 3aMe.nmneneM 
6e3 JaMe.D.J111Te11H 

CxeMbl 
nonepe'-IHOro ce'-lemur 

,CM 
O6beM aKTHBHOH 30Hbl, J1 

War TBC, CM 

TTnoTHOCTb ypaHa B TB'.)Jle no 
pa.n.11ycy rnnnHBHOH 
KOMn03HUHH TBC, r /cM3 

O6beMHaH .l1.0J1H MO)leJlbH0ro 
Bb1ropa10wero nornoT11Te11H, 
JaMema10wero Ton1111so, % 
Ko1111Yecrno TBC 
3aMeJ].JlHTeJ1b 
KonH'-!ecrno PE s 6oKOBOM 
o IDKaTene 
3 eKTHBH0CTb PE,% tJ<JK 
Ko1111yecrno KaHaJJ0B non 
HCnOJlHHTeJlbHble opraHbl 
C51.E 
O6oraweH11e no U, % 
Pa.n.HaJJbHblH K03cpcp11u11eHT 
HepaBHOMepH0CTH B 
n o 111111 osaHHOH TBC 
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HOCTl-1 

4 

2 5 

3 6 

l - TBC, 2 - C.HE, 3 - 3aMe.D.JlHTenb 
(rn.n.pH.ll. UHpKOH11H), 4 - 60KOBOH 
oTpIDKaTenb (6ep11111111ii), 5 - TT3Jl PE 
Ka 

57,9 
81,5 
54, I 
4,75 
55,8 

12 ... 2,3 

34 
KOHHH 

12 

9 

3 
(KaHaJJbl Ha MecTe TBC) 

90 

1,2 

I - TBC, 2 - cm;, 3 - o6e'-laHKa, 
4 - 60KOBOH OTpIDKaTeJlb (6epHJJ11HH), 
5 - TT3Jl Po (Kap611.n. 6opa), 
6 - KO n C 

77,6 
81,5 
120,7 
4,27 
250 

8 

127 

12 

13,5 

216 
(KaHaJlbl MaJJOro 11.11aMerpa) 

90 

< 1.2 



HbIX perneHHH, KOTOpbie B 3Ha'-IHTeJJbHOH CTe­

neHH onHpaIOTCR Ha HayqHhIH, KOHCTPYKTOpc­

KHH H TexHonorw1ec1rnii 3a.n,en, nonyqeHHhIH 

npH pa3pa6oTKe OTe'-leCTBeHHOfO 5IP.D: (peaK­

TOpbl 11PfHT H PA). K .n,ocTOHHCTBaM 3THX 

cxeMHbIX pernemrn OTHOCHTCR HX xopornaR 

MaCWTa611pyeMOCTb H 3KOHOMfflIHOCTb B pea­

JJH3au1rn, '-!TO OCTaBJUJeT B03MO)KHOCTH ,llJJR 

nocne.n.yiomeii a.n,anTaUHH K H3MeHeHlllo uene­

BOH (p)'l-IKUHH BCero npoeKTa. 

Ha ocHoBe 3KcnepHMeHTaJJhHO OTPa6o­

TaHHOH KOHCTPYKUHH peaKTopa 11PfHT MO)K­

HO ,llOCTH'-lh y.n,eJJbHOH 3HeproBbipa60TKH 3a 

KaMITaHHIO ~ 0,5 MBT·JJeT c JJHTPa aKTHBHOH 

30Hbl. TTpe,UJIO)KeHHbie MexaHH3Mbl opraHH3a­

UHH rrpouecca HarpeBa pafioqero Tena o6ecrre­

'-IHBafOT Heo6XO,llHMy'IO TeIJJIOBy'IO ycTOH'-IH­

BOCTb aKTHBHOH 30Hbl peaKTOpa B peanbHblX 

ycJIOBIDIX HepaBHOMepHOCTeH H B03Myme­

HHH, a paccMOTPeHHbie no.n,xo,uhI - H,llepHyio 

6e3onaCHOCTb B ll1T3THOM pe)KHMe H aBapHH­

HhfX CHTyaumrx. 

Bh16op sapHaHTa peaKTopa .n,JUJ )laJJbHeH­

meii npopa60TKH npHMeHHTeJJhHO K .513.D:Y 
MO)KeT 6hITb C)leJJaH IIOCJJe KOMnJJeKCHOfO 

aHaJJH3a C yqeTOM pR,lla KpHTep11es, BKJJfO'-laH 

TPe6osaHID! K MHHHMH3aUJiH Maccora6apHT­

HI:,£X xapaKTepHCTHK peaKTOpa H ycTaHOBKH B 

QeJJOM, pa.n,HaUHOHHOH CTOHKOCTH MaTepHa­

JJOB, ITJJOTHOCTH ypaHa B TB3JJe, )lOIIYCTHMOMY 

fH,llpaBJJH'-leCKOMY conpOTHBJJeHHIO aKTHBHOH 

30Hbl HT.TI. 

Pa6oTa BbIIlOJJHeHa npH ITO,ll,llep)KKe Poc­

CHHCKOfO <l>OH)la <l>ytt,uaMeHTaJJI:,HI:,IX Hccne­

,llOBaHHH (rrpoeKT NQ 08-08-00104). 
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Y ,l(K 621.039.5 
CucTeMa orpaHHlfenuii ,ll)]H BBO,Ua 3HeprOOJJOKOB B 3KCDJJyaT3IJ.HIO 

B MO,UeJJH OIJTHMH33IJ.HH pa3BHTHSI 3HeproCHCTeMhl 

A.B. KA.u.JJ1e11Ko, 
HlUIY "MM('J)l1", 115409, MocKsa, KaurnpcKoe rnocce, 31 

ITocTyIIHJia B pe.n,aKUHIO 13.04.2010 r . 

.D:atto MaTeMaT114eCKOe on11catt11e Cl1CTeMhl orpaH11YeHl1H .ll,Jlll BBO.U.a 3Hepro6JJOKOB B 3KC11J1yarnu1110 B 
MO.U.eJJl1 onT11M113au1111 pa3BHHUI 3HeproCl1CTeMhl. TTpe.u.nonaraeTCll, 4TO :meprOCHCTeMa pacnonaraeTC51 Ha 
o.n.HoH 11n11 6onee nnoma.n.Kax pa3Memett11» 3Hepro6noKoB cB»3aHHblX Me>KJJ.y co6oi1 n0Tpe6i-nen»M11 :mep­
rn11 11 nocTaBIUl1KaMl1 Cblpb», TPaHcnopTHblM11 MarHCTPaJUIM11 (BKJll04all Jll1Hl111 nepe.n.a411 3HeprnH 11 nocTa­
BKl1 Cblpb»). Ha nJIOLl.\aJJ.Kax pa3MemeHH51 pacnonaralOTCll 11 MOfYT BBO.U.HTbC51 B 3KCnJJyaTaU11IO 3Hepro6JJO­
Kl1 pa3HblX Tl1nOB, n0Tpe6J1RI01Ul1e KaK Tpa.u.11u.110HHble B11,ll.bl Cblpb51 (6110Macca, yroJJb, HecpTb, np11pOJJ.HbIH 
ra3, rn.n.popecypcbI, ».u.epHoe Tonn11so 11 T . .n..), TaK 11 HeTpa.u.11u110HHb1e (conHe4Hall 3Hepnrn, :meprn» BeTpa, 
3Hepni51 BOJJH np111111BOB 11 OTJ111BOB 11 .u.pyrne B0306HOBJ151eMble 11CT04Hl1Kl1 3Heprn11), BKJJI04all B03MO)l(Hble 
:meproTeXHOJJOrHl1 6y.u.ymero (repM051,D.epHblH Cl1HTe3 11 .u.p.). Mo.u.enb onTHMl13aU1111 51BJ151eTC51 4aCTblO KOM­
nblOTepttoro Ko.a.a TOBAS. 

K11101./e6ble cnoea: Cl1CTeMa orpaH11YeHl1H MO,D.eJJb onT11Ml13au1111, 3Heproc11cTeMa, llJIOIUa.D.Kl1 pa3Meme­
H1151, 3Hepro6JJOKl1, KOHKypettTocnoco6HocTb, onTl1MaJJbHall CTPYKTYPa, ».n.epHa» 3HepreT11Ka, ».u.epttbie 
3HepreT11YecK11e ycTaf-lOBKH, ».u.epHblH TOllJll1BHblH u11KJJ. 

System of Restrictions for Putting the Units into Operation in Model of Optimization of Power 
System Development. A. V. Klimenko, National Research Nuclear University "MEPhl", 31, Kashirskoe 
Sh., Moscow, 115409. 

The mathematical description of system of restrictions for putting the units into operation in model of 
optimization of power system development is given. It is supposed, that the power system settles down on 
one or more platforms of accommodation of units. The platforms of accommodation are connected by 
consumers of energy and suppliers of raw material, transport ways (including lines of transfer of energy and 
delivery of raw material). The units of different types are located and can be commissioned on platforms of 
accommodation consuming as traditional kinds of raw material (biomass, coal, petroleum natural gas, hydro 
resources, nuclear fuel etc.), and non-conventional kinds (solar energy, wind power, energy of waves of ebb 
and flow and other renewed sources of energy) including possible power technologies of the future (fusion 
etc.). The model of optimization is a part of a computer code TO BAS. 

Key Words: System of Restrictions, Model of Optimization, Power System, Platforms of Accommodati­
on, Units, Competitiveness, Optimum Structure, Nuclear Power, Nuclear Power Installations, Nuclear Fuel 
Cycle. 

3m CTaTMI HBmreTCH TPeTbeH B UHKJJe 

"MaTeMaTW-J.eCKM MO,lleJib OilTHMH3aU:IDI 

:meprOCHCTeMbI H ee np1,rno)l(effiU1.", COCTOH-

1.IleM H3 1-J.eTblpex CTaTeH, ny6JIHKyeMbIX B 

)l(ypttane "BAHT. Cep. <l>tt3KKa H.UepHbIX pe­

aKTopos". 

Bse.aeu11e: o6mee onucau11e MO,lleJJH 
JHeproCHCTeMbl 

Do.a :mepreTH'-l.eCKOH CHCTeMOH 6y,neM 

IlOHHMaTb 3IIeprOCHCTeM)' rrnaHeThI JIH6o KOH­

nrneHTa, Jrn6o rpynnhI CTpaH, m160 CTpaHhJ, 

rm6o 06nacn1 CTPaHhr, m160 paiioHa o6nacTH, 

JIH6o B B11.Ue O,llHOH 3Hepronnow:a.UK11, B KOTO-
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poH pa3MemeHbl 3Hepro6JIOKH, HnH .ua)l(e 

O,llHH 3Hepro6JIOK. 

PaccMaTpHBaeMM 3HepreTifl:leCKM CHCTe­

Ma MO)KeT Bhrpa6aThIBaTb MHO)l(eCTBO I+ BH-

,D,OB 3HeprHH pa3HhIX noTeHUHaJIOB, BKIDO'-l.M 

3JieKTp03Heprmo 6a3HCHyIO, nonynHKOByIO, 

IlHKOByIO H Tenno pa3HhIX IlOTeHUHaJIOB. 

Mtto)l(eCTBO I+ BH.UOB cnpoca Ha 3Heprmo 

pa3HhlX noTeHUHaJIOB TaKoe, '-l.TO I + = {i I i 
= 0 ,I ; I+ = 0, ecnH i = 0}. 

3HeprocHcTeMa pa6oTaeT Ha pac'-leTHOM 

HHTepBane (- 00 , T) BpeMeHH, KOTOpbIH cKJia-

.llhmaeTcH H3 .ZJ.OIIJiaHOBOro (- 00 ,0) H OITTH-



M113HpyeMOro rrnaHOBOrO (0 ,T) HHTepBaJIOB. 

,[(JUI Y.llOBJ1eTBopeH1rn MHO)KeCTBa BH,llOB cnpo­

ca Ha :mepnno npe,uycMaTpHBaIOTCH :mepro­

cTaHUHH pa3HbIX THITOB: :rneKTpOCTaHUHH, 

CTaHUHH TennocHa6)KeHm1, TeXHOJ10rH1-IeCKHe 

CTaHUHH, HCITOJ1b3YJOUIHe npouecCbI Bbipa6oT­

KH 3HeprnH Ha 3HeprOCTaHUIDIX, H .up. 

3HeproCTaHUHH BKlliOY:aIOT 3Hepro6JlOKH 

nma r E R + . MHo)KeCTBO R + THnos 3Hep-

ro6noKoB TaKoe, t:JTO R + = { r I r = 0 ,R ; 

R + = 0, ecnH r = O}. HanpHMep, r - 3TO 

TeITJlOBOH 3Hepro6noK Ha npHpO.UHOM ra3e 

HJIH g,uepHbIH 3Hepro6noK, HanpHMep, C 

peaKTOpoM THna BB3P-440 HJlH BB3P-1000, 

HIDI C .upyrHM THIIOM H,llepHoro peaKTOpa, HJIH 

3Hepro6noK Ha ,upyroM BH.Ue 3HeprnH. 

B KaY:ecrne CblpbH HCnOJ1b3yIOTCH 803-

MO)KHOCTH / E L + 3HepreTHt:JeCKHX KOMn­

neKCOB no .uo6bIY:e H Bbipa6oTKe nepBHY:HbIX 

HCTOY:HHKOB 3HeprnH (nepBHtJHOfO 3Hepren1-

qecKoro CblpbH). MHO)KeCTBO L+ 3HepreTH-

qecK.HX KOMTIJleKCOB no .uo61,1qe H Bbipa60TKe 

nepBHt:JHb[X HCTO'lllliKOB 3HeprHH TaKoe, Y:TO 

L + = {/I/ = 0 ,L ; L+ = 0, ecm1 / = O}. 

HanpHMep, / - 3TO yronb HJlH rrpHpo.um,rn fa3, 

MIDI n,.upopecypcbI, HJlH Heq:>Tb, HJlH Ma­

TepHaJibl H,uepHoro TOITJlHBHOro UHKJla (5IT1.J,) 
(TOIIJJHBHbie c6opKH H3 ypaHa, TOplrn H .upy­

rHX aKTHHOH,llOB) .um1 H,UepHOH 3Hepnrn, HJlH 

coJIHetJHaH 3Heprm1, HJIH 6J10Macca, HJlH 3Hep­

nu1 BeTPa, RJIH 3HeprIDI npH11HBOB H OTJlJIBOB, 

HJlH rrpotJHe BH,llbl rrepBHtJHOro 3HepreTH"t:JeC­

Koro CblpM!. 

3HeproCTaHUHH pa3MemaIOTCH Ha nno­

ma.uKax Cl) E Q+ pa3MemeHIDI. MHO)KeCTBO 

Q+ rrnoma,uoK pa3MemeHIDI 3Hepro6noKoB 

3HeprocHcTeMbI TaKoe, t:JTO Q+ = { w I w = 

= 0 ,Q ; Q+ = 0, ecnH w = 0}. 

Mo.uenb 3HeprOCHCTeMhI BKJlIOY:aeT B ce6H 

<pyuKIJ,HOHaJI H CHCTeMy orpaHHY:eHHH. CMbIC­

JlOBOe co.uep>KaHHe q:>yttKUHOHaJia MO>KeT 6bITb 

Pa.JfilIM. ITo YMOnt:Jamno s KaY:ecrne q:>yttKUH­

OHana npHHHTbI CYMMapHbie ,llHCKOHTHpOBaH­

Hhie 3aTPaTbI Ha BCIO rrporpaMMy pa3BHTIDI H 

4>YHKUHOHHpoBamur 3HeprocHCTeMbI. ,[(nH Ka­

)l(JJ.oro 3Hepro6noKa BbP-IHCJlHIOTCH paCXO,llbl, 

CBH:3aHHbie co CTpOHTeJlbCTBOM, 3KCirnyaTau11-

eH, MO,llepHHJau11e11 (peKOHCTPYKUHeii) 3TOro 

JHepro6110Ka, BBO.llOM 3aMeIUaIOUIHX (B3aMeH 

BbI6hJBaIOUIHX) MOUIHOCTdi, a TaK)Ke pacXO,llhI 

Ha CHHTHe c 3KcnnyaTaui,rn 3Toro 3Hepro-

6noKa. 

<DyttKUHOHaJl H MHO>KeCTBO rrepeMeHHhlX 

OilTHMH3aUHOHHOH 3a,uaq11 nocTpoeHbI TaK, 

Y:TO nepepacnpe,nemrIOT ttarpYJKY Me)K.lly rrno­

ma,uKaM11 Cl) pa3MeIUeHIDI H OT,lleJlhHl>IMH 

3Hepro6noKaMH THna r Ha O.[{HOH rrnoma,uKe 

(3Hepro6JIOKH MOfyT HeCTH pa3HyIO Harpy3KY, 

HanpHMep, 0.[{HH 3Hepro6J10K - 6a3HCHyIO, 

.upyro11 - nonyn11Kosyro, a TPeTHH BKJIJOY:eH 

.um:1 noKphIHU[ IlHKOBOH HarpY3KH 3HeprOCHC­

TeMhI), a TaK)Ke MaHeBpHpyIOT 3arpY3KOH Ka)K­

.uoro 3Hepro6noKa nyTeM asToMaTHY:ecKoro 

onpe.ueneHHH B mo6011 MOMeHT speMeHH orr­

THMaJihHoro pe)KJ,fMa pa60TbI 3Hepro6JIOKa: 

pa6oTaTh Ha HOMHHaJihHOH llli6o CHH)KeHHOH 

MOIUHOCTH ( o6ycJIOBJleHHOH TeXHHY:eCKHMH 

B03MO)KHOCT.lIMH CHH)KeHIDI MOUIHOCTH) 

BilJIOTb .uo IlOJIHOro Bbll<JIIO"leHHH: 3Hepro6i10-

Ka (HyneBaH MOUIHOCTh). 

Ha O,llHOH rrnoma.uKe MOryT pa3MemaTbCH 

3Hepro6JIOKH pa3JI11t:JHbIX TlillOB, HCil0Jlh3YJO­

m11e He TOJibKO O,llHH BH,ll CblpbH pa3HOro cop­

Ta (HarrpHMep, g,nepHhJe 3Hepro6noKH THIIOB 

BB3P-440 H BB3P-1000 c rnrrnHsoM HJ ;:urn­

Kc11.ua ypaHa pa3JIH'IHOro HJOTOI1Horo o6ora­

meHID1 ), HOH pa3Hbie BH,llbl CblphH (HanpHMep, 

3Hepro6JIOKH Ha Ma3yTe, npHpO,llHOM ra3e, Ha 

yrne HJlH JII06M .upyraH KOM6HHaUHH 3Hepro-

6nOKOB ). Ha 0.llHOH nnoma.uKe B 0.llllli H TOT 

)Ke MOMeHT BpeMeHH MOfyT BBO,llHTbCH B 3KCII­

nyaTaUHIO HeCKOJlbKO 0,llHOTHIIHbIX cepHHHbIX 

3Hepro6nOKOB. 

Mo.uenb II03BOJJHeT MaHeBpHpOBaTh 3ar­

py3KOH H rro,nnHTKOH Tonmrna: B pa3nHtJHhie 

MOMeHThI speMeHH 3Hepro6rroK MO)KeT pa6o­

TaTb Ha TOflJlHBe pa3HOro copTa. HanpHMep, 

3Hepro6noK BB3P-1000 B 0,llHH MOMeHT MO­

)KeT pa6oTaTI, Ha ypaHOBOM TOITJIHBe 0)].HOro 

COCTaBa, B .upyroH - Ha ypaHOBOM TOIIJlHBe 

.upyroro q:>H3Ht:JeCKH .uonyCTHMOro COCTaBa, B 

TpeTHH - Ha ypaH-IlJiyTOHHeBOM TOIIJUIBe B 

qernepThIH - Ha .upyroH q>H3HtJeCKH .uonycTH­

MOH KOMII03HUHH TOIIJlHBa H T.J].. 

ITpeJJ.yCMOTPeHo, Y:TO JII06011 3Hepro6noK, 

ecIDI .uonycKaeT ero KOHCTPYKUHH, cnoco6eH 

Bbipa6aThlBaTb 11 yqaCTBOBaTh B IIOKpblTIIH 
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cnpoca Bcero cnHcKa BH.lJ.OB ::mepnm HJJH •-rnc­

Tlf ero (HanpHMep, Bblpa6aTbIBaTb 0.l].HOBpe­

MeHHO 6a:mcHyto 1neKTpo1Hepnno H Tenno 

onpeJJ.eneHHhIX noTemuranoB ). 

Y 1rnTb1BaeTC$1 J].OCTaBKa Tonmrna (Cblpb$1) 

.lJ.O Ka)K,[loro :mepro6noKa H JJ.OCTaBKa npo.nyi<­

uirn 3Hepro6J10Ka .lJ.O TIOTPe611Tcmr ( OITTHMH3a­

UH$1 JlHHHH nepe.l].84H CblpbSl H ::meprnH pa.3-

I-lb]X BH.[IOB H noTeHU:HaJIOB). 

3KOJJOrH4eCKHH 6JJOK MOJ].em1 Y4HTb1BaeT 

BJlHSCHHe Ka)K.[IOH TeXHOJJOrHH 3HeproBblpa-

6onrn Ha 0KpY)KaI01Uy10 cpe.ny. Cpe.n11 rrpo­

q11x B '.HOT 6noK BXO.[ISCT orpaHH4eHHR Ha noT­

pe6J1eHHe aTMOCCpepHoro KHCJlOpOJJ.a, Ha Bbl-

6pochI B OKp}')KaIOlUYIO cpe.ny Bpe,LIHbIX TBep­

.[lblX qacTHU (30Jlbl H Ca)IIB), Ha BbI6pocbI XH­

MH'-leCKHX coenwHeHHH (CO2, NOx, SOx, NH3, 
C~, CO, a:Jp030JJH, yrneBo)lopoJJ.hI, cprnp11-

.lJ.hI, aJlb)lCfH.lJ.bl H )Ip.), Ha HCIT0Jlb30BaHHe 3eM­

JJH, 80.[lbl, Ha c6poc TeTIJJOBhIX nOTOKOB B OK­

pY)KaIOmyIO cpeJJ.y, Ha TIOTPe6J1eHF1e TOTIJlHB­

HblX u HeTOilJlHBHblX MaTepHaJIOB, Ha BbI6po­

Cbl B OKp}')KaIOmyIO cpe)ly aJib(p8-H3J1Y48I0-
85 129, 

lUHX aKTHH0H.[I0B, Kr, I, H .npyrwe caHH-

TapHblC H0pMaTHBbl. Y'-IHTbIBaIOTCSl TaK)f(e 

cneuH{pH'ieCKHe orpaHH'ieHH$1, CBSC3aHHbie C 

pa.n11au110HHOH JJ.030BOH ttarpy3KOH Ha Hace­

neHHe. 

0nTHMH3HpyeTCSl nJJaTa (1UTP8<P) 3a Hapy­

weHHe 3KOJJ0rJ,P:-!eCKHX orpaHH4eHHH, B TOM 

'iHCJJe H 3a BbI6pOCbl Bpe,LIHbIX BemecTB B OK­

pY)KaIOlUyIO cpeJJ.y. YtIHTbIBaIOTCH B03M0)1(­

Hble aBapHH, CBSC3aHHbie C 3KCirnyaTauHeH 

3Hepro6JJOKOB, H 0TITHMH3HpyIOTCR 38TP8Tbl 

Ha JlHKBHJJ.aUHIO 3THX aBapHH. 

Y4HTbIBaIOTCR B03MO)KH0CTH MaWHHOCT­

po1neJ1bHbIX npOH3B0.[ICTB no H3fOT0BJ1eHHIO 

orpaHH4HBaIO[UHX pa3BHTHe 3HepreTHKH KJ]JO­

'-leBbIX Y3JJOB: KopnycoB Sl.l].epHblX peaKTOpOB, 

Typ6oarperaToB, naporeHeparopoB 11 T.)1. 

Monenb OTITHMH3Hpyer pa3pa60TKY (BO­

BJ1eqem1e B o6opoT TIOTOKOB) pa3HOro rrep­

BH'iH0ro CblpbH: He<pTH, ra3a, yrJJH, rHJJ.pope­

cypC0B, COJ1He'-IHOH 3HeprHH, 3HeprHH BeTpa, 

3HeprHH MOpCKHX BOJlH H )lpyrHX B0306HOB­

Jl$1CMhJX H HCB0306IIOBJ1RCMbIX HCTO'-IHHKOB 

3HeprHH, BKJlIO'iaR ypaH, TOpHH, a T8K)Ke pe­

UHKJJHpOBaHHOe TOITJJHBO Ha 0CHOBe rpaHC­

ypaHOBblX 3JJeMCHTOB. 
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Y'iHTbIBaCTCSl 3cpcpeKTHBHOCTb (nOJ1b3a 

HJIH ywep6) OT npOH3BO.D,CTBa, HCnOJJb30Ba­

HHH, xpaHeHH$1 H OKOH'-JaTeJlbHOro 3axopoHe­

HHSl panHoaKTHBHb!X H30TOITOB Ha Ka)K,UOM rre­

penene HnepHoro TonJJHBH0-3HepreTH4ecKoro 

KOMnneKca (5IT3K). 

Bee nepe4HCJ1eHHbie B03M0)KHOCTH BBe.D,e­

llbl B CHCTeMy orpam!'-ICHHH MO.D,eJIH, a cpyttK­

UHORaJI Y4HTb1BaeT CB$13aHHbie co BCeMH 3TH­

MH 803M0)KHOCTHMH 3aTpaTbI. B MO.D,eJJH onpe­

.D,eJlRIOTCR CJJe.l].ytOlllHe <PYHKUHH KaK <pyttKUHH 

speMemr onTHMaJibHOro nnatta: 

- MOlUHOCTH ITJJO[Ua.D,OK pa3Me[UeHHSl H MO­

MeHTbl HX BBOJ].a B 3KCITJJyaTaUHIO; 

- ycraHOBJleHHbie MOlllHOCTH npoH3BO.D,CTB (H 

3Hepro6JJOKOB) H MOMeHTbI HX BBO.D,a B 3KCTI­

nyarnumo; 

- pe)f(HMbl pa60TbT npOH3BO.D,CTB H :mepro-

6JJOKOB; 

- TIOTOKH MaTepHaJJ0B, Cb!pbsr, 3JleKTP03Hep­

nrn, TeTIJJOBOH 3HeprHH; 

- CKJJa)lCKHC 3anacbI MaTepttaJIOB H CblpMi:; 

- ueHbl BCCX BbtllleynOMSlHyTbIX B MOJ].eJJH rre-

peMeHHblX H pecypcoB, cpem-1 KOT0pbIX ueHbl 

3JlCKTpO::)HeprnH pa3HbIX BHJ].0B H Tenna pa.3-

JJH'iHhlX TlOTeHUHaJI0B, UCHbl H30TOnOB B pa.3-

Hb!X nepe.nenax .5IT3K; 

- .D,HCKOHTHposaHHbie 38TpaTbl H ywep6bI. 

Onpe,uenHIOTC$1 H CYMMapHbie .D.HCKOHTH­

posaHHbte 3aTpaTbl Ha BCIO nporpaMMY pa3BH­

TH$1, pa3Me[UeHHSl, 3KCTIJJyaTaUHH, MO.D,epHH3a­

UHH (peKOHCTpyt<UHH), paClllHpeHHSl H B03-

MO)KH0f0 38MC1UeHH$1 3Hepro6JJOKOB, CHHTHSl C 

3Kcnrryaramrn 3HeprocHCTCMbl. Bbl'-IHCJJHIOTCH 

TaK)f(e OTITHMaJlbHbie seJJH'-IHHbl wrpacpos 3a 

Bpe.D,Hb!e Bbi6pochl B OKp}')KalOlUyIO cpe.ny H 

38 spe.n 3.D.OpOBbIO mo.nel1. 3m unpacpbl MO)K­

HO 6bTJJO 6hl peKOMeH,UOB8Tb K rrpHMeHeHHIO 

perym1pyI01UHM rocy.napcTBeHHbIM oprattaM c 

uenhIO OTITHMH38UHH npOH3BO.lJ.CTB. 

Pa3yMeeTCH, H3 BCero CTIHCKa B03MO)l(Rb!X 

KOHKypHpyIO[UHX TeXHOJJOrHH B OTITHMaJ!b­

llbIH nJJaH nona.naIOT TOJlbKO peHTa6eJJbHbie, 

.D,JJSl KOTOpbIX npu8e0eHHQR npu6blllb B OTITH­

MaJJhHOM nnaHe Heno110:>1Cume11bHa. 

OnTHMH38UHOHH8Sl M0J].eJJb :::rneprocttcTe­

Mbl BKJJIO'-l.aeT CHCTeMy orpaHH4eHHH H cpyttK­

UH0HaJl, no,uJJe)KalllHH 0ITTHMH38UHH Ha MH0-

)KeCTBe TIJ18H0B, nopo)K,[leHHblX 3TOM CHCTe-



MOH orpaHHqem1i1:. OmuneM CHcTeMy orpaHH­

qemrii. 

1. YcTaHOBJJeHH3H MOll.J.HOCTb 

H TeKymaH Jarpy3Ka 

J:(1rnaMH'-leCKa.sI OIITHMH3aUHOHHM MO,UeJJh 

jiBJUieTc.sI MHoroyposHeBOH. Hm1<e .uanhI cooT­

n01neHH.sI ,UJJH orrpe,ueJJeHH.sI MOlllHOCTdi H 3a­

rpY30K o6'beKTOB 3HeproCHCTeMbl Ha Ka)K,UOM 

11epapxH-iieCKOM ypOBHe (B HarrpasJJeHHH CHH-

3y - BBepx, T.e. OT e,UHHH-iiHOro 3Hepro6JJOKa -

K 3HeprocHCTeMe) H orpaHH'lleHIDI Ha 3TH 

xapaKTepHCTI1KH. 

1.1. AJ1ze6pau11ecKaR ocb 6pe.Meuu 
BpeMH B MO,Uem1 HBJJHeTCH e,UHHhIM .UJJH 

scex ¢YHmHH Ha HHTepsane (- oo, T) , r.ue T 

- ,UJJHTeJJhHOCTb IIJJaHOBOro rrepHO,Ua (B03MO­

:>KHO T = + 00 ). ~JIH mo6oro MOMeHTa t spe-

MeHH MO)KHO 3aIIHCaTh - 00 ::; t ::; T . 3.uecb 

paseHCTBa t = - 00 H t = + 00 06'h.sICIDIIOTCH 

TeM, 'l!TO B MO,UeJIH 3a,uaIOTC.sI HaqaJJhHbie H 

KOHetIHble ycJIOBH.sI. 

Ha OCH speMeHH OTMel.faIOTCH MOMeHTbl 

t i BBO,Ua o6'beKTOB (3Hepro6JIOKOB HJIH .upy­

rnx npe,unpHHTHH) s 3Kcrrnyarnumo. 3,uech 

j = J(w) - HM.sI (HoMep) MOMeHTa BBO.lla B 

3KCrrnyaTal..{HIO o6'beKTa, O,UHHaKOBOe .llJl.sI scex 

nnoma,uoK w pa3MemeHHH, rrpHna,uJie)Kamee 

HH,UeKCHOMY ( CHMBOJlhHOMY) rrpocrpaHCTBY 

J + . 3TO npocrpaHcTso cosna,uaeT c J + ( w ) -

HH.UeKCHhIM (CHMBOJlhHhIM) MHO)KeCTBOM 

HMeH (HOMepos) MOMeHTOB BBO,Ua B 3KCITJJya­

TaUHIO o6'beKTOB Ha nnomairKe w pa3Meme-

HIDI Ha pacqeTHOM HHTepsane (- OO ,T), T.e. 

J+(w)= J+ . 

IIycTb J - '-IHCJJO HeIIOBTOp.sIIOillHXC.sI 

HMeH (HOMepos) MOMeHTOB BBO,Ua B 3Kcrrnya­

Taumo o6'heKTOB scex THIIOB Ha HHTepsane 

( - 00, T) speMeHH (.UJIH rrpOH3BOJJbHOH IlJIO­

IQa,rurn pa3MemeHH.sI). Tor.n,a MHO)Kecrno J + 

onpe,ueneHO ,ll,JJ.sI MOMeHTOB t 
I 

BBO,ll,a B 3KCII­

JJyarnumo o6beKTOB T3KHX, qTo 

- 00 ::; t
1 

::; T , rrpHqeM t0 = - 00 H IJ = T , a 

CKaJaHHOe BhIIUe MO)KHO 3aIIHCaTh TaK: J + = 

J = + 

=0, ecnH j = O; TaK qrn - 00 ~ t
1 

::; T, npH-

1.feM l o = - 00 rrpH j = 0 H ti = T npH j = 

J}. Bee Q)H3HtJecKHe napaMerphI (xapaKTep11c­

THKH) MO,ll,eJJH npHB.sI3hJBaIOTC.sI K MOMeHTaM lj. 

1.2. Hepapxu11ecKuu ypo6eltb 1 -
omOeRbllblU ~mepzo6J10K 

OT.nenbHhIH O.UHOTHnHblH cepHHHhIH 

3Hepro6JIOK npOH3B0JlhHOI'O THna r C HMe-

HeM (noMepoM) n/w,r) = n(t/w,r)) H B03-

pacTHhIMH xapaKTepHCTHKaMfI B BH,ll,e BeKTOp­

Q)YHKUHH T I (w ,r) = -r&)w ,r )) BBO,ll,HTC.sI B 

3KCIIJiyaTaUHIO Ha rrpOH3B0JlhHOH IlJIOll{a,ll,Ke 

(J) pa3Me[l..{eHH.sI Ha HHTepsane (- 00, T) 

speMeHH s MOMeHT tl(w,r) speMeHH c o6meH 

HOMHHaJibHOH (npoeKTHOH) ycTaHOBJieHHOH 

MOillHOCThIO 

Q(n
1 

(w,r);r
1

(w ,r))= 

= Q(n(1
1
(w,r)) ,-r(1

1
(w,r)))~o. (1) 

3.n,ech -r 
1 
(w ,r) - seKTop-crn116eu B03pac­

THhIX xapaKTepHCTHK 3Hepro6JIOKa (HJJH npe.n.­

rrpH.sITH.sI), KOOp.D.HHaTaMH KOTOporo CJiy')KaT 

xapaKTepHbie HHTepBaJihl speMeI-rn, OTC'l!HTaH­

Hhle OT (HJIH ,D.O) MOMeHTa nycKa t i ( (J) ,r) B 

3KCilJiyaTaUHIO 3Hepro6noKa THIIa r Ha IlJIO­

ma.n.Ke (I) • 3THMH KOOplJHH3T3MH jiBJUIIQTC.sI 

't~constr) (w,r) = 't(constr) (tl (ro,r)) - HHTepBaJI 

speMeHH crpOHTeJibCTBa, OTC'!HTaHHhIH .D.O 

MOMeHTa rrycKa t j ( w, r) B 3KCITJiyaTaUHIO 

3Hepro6110Ka THTia r Ha nnoma.n.Ke w ; 

! ~modem) ( W, r) = ,.(modern) (11 ( W, r)) - HHTepBaJI 

BpeMeHH, OTCqHTaHHhlH OT MOMeHTa nycKa 

t 
1 

( w, r) 3Hepro6noKa THrra r B npouecce ero 

3KCIIJJyaTaUHH Ha IlJIOIUa,D.Ke 00 ( C rrepHO)lOM 

. ~modem) ( ro, r) speMeHH perym1.pHO npOBO.D.HT-

c.si MO,D.epmnaUH.sI (peKOHCTPYKUlUI) 3TOro 

3Hepro6noKa BIIJIOTh .D.O MOMeHTa CH.sITIDI. C 

3KCIIJiyaTaUHH); r ~oper) ( W, r) = 't(oper) (1
1 

( W , r) )-

cpOK 3KCIIJiyaTaUHH 3Hepro6JIOKa nma r Ha 

nnoma.n.Ke (J) , OTCliHTaHHI,IH OT MOMeHTa nyc-
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Ka t
1 

( w, r) :noro 3Hepro6JJoKa (rrpe.D,nonara­

eTCH, qTO qepe3 HHTepBan •~oper) ( W , r) ~ 

s , ;hfe) ( (!), r) BpeMem1 3Hepro6JJOK CHHMaeTC.H 

C 3KCIIJJyaTaUlfH); • ~Jue) ( (l) r) = .{life) (t
1 

( W, r)) 

- npoeKTHbIH cpoK CJJ}"A<6bI 3Hepro6JJOKa THna 

r Ha IIJJOUla)],Ke (l), OTC'l[HTaHHblli OT MOMeH-

Ta nycKa 1
1
(w,r) 3Toro 3Hepro6noKa (npeJ.l­

nonaraeTcH, qTO . ~1ire) (w , r) ~ . ~oper) (w r)). 

6yJ.leM pa3mrqaTb )],Ba 3Hepro6JJOKa KaK 

He0,IJ,H0THilHLie, ecnH cpeJ.lH aprYMeHTOB 

cpyttKI.(HH Q(n
1

(w,r);r
1

(w ,r)) y HHX xorn 6bI 

OJ.lHa xapaKTepHCTI1Ka HeOJ.lHHaKOBa. HanpH­

Mep, )lBa cepHHHbIX .HJ.lepHhIX 3Hepro6noKa 

BB3P-1000, pa3JIHtJaIOIUHecH TOJihKO OJ.lHOH 

xapaKTepHCTHKOH - cpoKOM CTpOHTeJJbCTBa, 

OTHOC.HTCH K pa3HblM 3HeproycTaHOBKaM H 

J.lOJJ)KHbJ HMeTb pa3Hble HMeHa B CIIHCKe r . 

J13MeHemre ycrnHOBJJeHHOH MOIUHOCTH BO 

BpeMeI-rn OIIHCbIBaeTCH COOTHOllleHHeM 

Q (t, n
1 

( w, r ), T 
1 

( w r)) = 

=Q(n
1

(w,r),-r1 (w ,r))E(t-t
1

(w ,r)) , (2) 

me Q(t,n
1

(w,r) ,-r, (w r)) -<pym<.Um1, xapaK­

TepH3yIOIUM H3MeHeHHe o6mei1 ycTaHOBJJeH­

HOH MOIUHOCTH BO BpeMeHH Ha BCeM pacqeT­

HOM HHTepBane nnaHHpoBaHHH (-00, T) ; 
E ( T) - <PYHKUHH, paBHM HHTerpany OT )leJib-

Ta-<pyttKUHH O ( T) ; ee 3Ha'l{eHHe paBHO HYJJIO 

npH 't < 0 H e]lHHHUe rrpH 't > 0 , T.e. H30-

6pa)KaeTCH CTyneHbKOH e)],HHWIBOH BbICOTbl. 

B (1) H HH)Ke npHH.HTO, lJTO TOlJ.Ka CBepxy 

HaJ.l CHMBOJJOM 03HaqaeT rrepByIO npOH3BOJ.l­

HyIO IIO BpeMeHH, a J.lBe TfflJKH - BTOp)'IO rrpo-

H3BOJ.lHyIO ( ecJJH BenH'nrna Q H3Mep.HeTC.H, 
. . . 

HanpHMep, B fBT·fOJ.l, TO Q -:- B fBT, Q - B 

fBT/ roJ.1). 

ITpeJ.lIIOJiaraeTCH, lJ:TO o6IUM ycTaHOBJieH-

HM MOIUHOCTb Q(t,nl (w,r),-r, (w ,r)) H 06-

ma.si: TeKyIJ.la.H 3arpY3Ka q(t,n, (w, r ), . , (w r )) 

= q{1,n(1
1

(w,r)),-r, (w ,r)) 3Hepro6noKa MO­

ryr 6hITb pa3J.leJieHbl ITO BB)laM Bblpa6aTbJBae-

MOH 3Hepnrn, T.e. cnpaBeJ.lJJHBhl COOTHO­

wemrn 

I 

= LYU)Q(r,n
1
(w,r) ,-r, (w ,r),i), (3) 

I 

= LY(i)q(t,n
1
(w,r) ,-r

1
(w ,r) ,i), (4) 

1=0 

r)le i - BHJ.l 3HeprnH, Bblpa6aThrnaeMOH 3Hep­

ro6JJOKOM; I - 'l[HCJIO BHJ.lOB crrpoca Ha 

3Heprmo pa3HbIX IIOTeHUHaJlOB; 

Q(t, n
1 

(w, r ), -r, (w, r ),i) - qacTHlJHM ycrnHo-

BJJeHHM MOIUHOCTb KaK ':laCTb o6mei1 ycTaHo­

BJieHHOH MOIUHOCTH 3Hepro6JJOKa, BbJpa6aTbl­

BaIOIUero B MOMeHT t 3Hepnno TOJlbKO BHJ.la i; 

q(t,nAw r),-r1 (w,r),i)= 

=iJ(t,n(t, (w r)),-r, (w, r) ,i) - qacTH'l[HM 3a­

rpY3Ka KaK tJ.aCTb o6mei1: TeKYIUeH 3arpY3KH 

q(t,n
1 
(w,r) ,-r, (w,r)) 3Hepro6noKa; y(i) -

K03(p(pHIJ;HeHT, rrepeBOJ.lHIUHH qacTH'l[HyIO MO­

IUHOCTb Q(t,n, (ro,r) ,-rl (ro , r),i) 3Hepro-

6noKa B o6myIO 

Q(1,n
1

(ro, r),-r
1

(ro ,r)) 3TOro 

MOIUHOCTb 

3Hepro6noKa 

(HarrpHMep, ecm1 Q(t,11
1

(ro,r) ,-r
1
(ro,r),i) -

MOIUHOCTb HH3KOIIOTeHUHaJ1bHOro Tenna, H3-

MepeHHM B f ,[()1(/c, a Q(t, n
1 

( ro, r ), -r
1 

( ro, r)) 

H3MepeHa B fBT, TO K03cp<pHUHeHT y(i) paBeH 

KOJ1J,11IeCTBY fBT, npHXOJ.l.HIUeMycH Ha OJ.lHH 

f,[()1(/c HH3KOUOTeHUHaJ1bHOro TenJJa B TeXHo­

JIOfl{'l[eCKOM npouecce, npoTeKa10meM Ha 

3TOM 3Hepro6noKe). 

.[(1rn Ka)K)lOro 3Hepro6JJOKa B JJI060H MO­

MeHT t BpeMeHH J.lOJI)l(Hbl BbIITOJJH.HTbCH COOT­

HOllleHHH 

Q ( n 1 ( ro, r), T 
1 

( ro r)) 2'. Q ( t , n 
1 

( ro, r), -r 
1 

( ro, r) )2'. 

2'.q ( t, n 
1 

( ro, r) , T 
1 

( ro, r)) 2'. 0, ( 5) 

Q(t,n
1
(ro,r) ,-r

1
(ro,r) i)2'. 

2'. q (I, n 
1 

( ro, r) , -r 
1 

( ro, r) ,i) 2'. 0. ( 6) 

HepaBeHCTBO (5) 03HatJ.aeT, '-!TO <PYHKUHH 

Q(1,n
1

(ro,r) ,-r, (w ,r)) H3MeHeHHH o6mei-i HO-



MliHa.JlbHOH MOillHOCTH :rnepro6110Ka, BBe,ueH­

HOTO B 3KCn11yaTaUHIO B MOMeHT f j ( (J), r) ape-

MeHH, npHHHMaeT 3Ha'-leHmi:, paBHble 06me11 

ycTaHOBJleHHOM MOillHOCTH 

Q(n
1

(ro,r) -r
1

(ro ,r)) npH t ~ t
1

(ro,r) H Hy-

JJIO npH t < t
1 

( ro, r) . 
ilo TeXHHKO-3KOHOMH'-leCKHM npH'!HHaM 

3arpY3Ka cj(t n1 (ro,r) -r1 (ro,r)) ::mepro6noKa 

o6mew MOlllHOCTbIO a JJI06oi1: MOMeHT BpeMe­

HH MO)KeT Jrn6o no.u.uep)KHBaTbCH Ha ypOBHe 

o6mei1: ycTaHOBJleHHOM MOIUHOCTH, JIH60 CHH­

)KaThCH .no 6011ee HH3KOro ypOBHH (BTIJlOTb .no 

HyJieBOfO, '-ITO COOTBeTCTByeT BpeMeHHOMY 

HJJH OKOH'faTeJlbHOM)' BbIBOJW 3Hepro6JIOKa H3 

3KCnJJyaTaUHH). HepaBeHCTBO (6) coxpaHHeT 

3TY )Ke JJOrm<y B OTHOllleHHH cpyttKUH.11 

Q(t,n,(ro,r),-r
1

(ro ,r),i) H3MeHemui: t.JaCTHt-1-

HOM ycTaHOBJleHHOM MOillHOCTH H cpyttKUIDI 

q (t , n
1 

( ro, r ) , T 
1 

( ro , r ),i) H3MeHemui: qacTHtI-

HOH 3arpY3KH 3Hepro6noKa 3TOH ('-IaCTH'-IHOH) 

ycTaHOBneHHOM MOillHOCThlO. 

K03qJqJUtfUeHm ucnOllb30BaHUR ycmaHOB­

JleHHOU MOUfHocmu omOeJ1bH020 3Hep206J10Ka. 

IIyCTb B (6) Me)K,lly Q(t,nj(ro,r) ,-rj (ro ,r),i) H 

q(t,n
1

(ro,r) ,-r
1

(ro r),i) cymecTByeT cooTHO­

rneHHe [l] BH.Ua dq ldt=0dQ /dt r.ue 0 - OT­

HomeHHe cpe,uHeM MOillHOCTH K HOMHHa.JlhHOM 

HaJhIBaIOT K03q:>(pHllHeHTOM HarpY3KH (HnH 

K03q:>cpHllHeHTOM HCIIOJlb3OBaHIDI ycTaHOBJleH­

HOM MO[llHOCTH). Tor.ua MO)KHO 3anwcaT.b, '-ITO 

q ( t, n 
1 

( ro, r) , T 
1 

( ro , r) , i) = 

= 0 ( t , n 
1 

( ro, r), T 
1 

( ro , r), i) x 

xQ(t,n
1

(ro,r) ,-r
1

(ro r) ,i) (7) 

r.ue 0 ( t, n 
1 

( ro, r) , T 
1 

( ro , r), i) 
= 0 (t ,n(tj ( ro, r) ), 't J ( (J) , r ), i) - K03cpq:>HUHeHT 

HCTIOJlh3OBaHIDI ycTaHOBneHHOH t.JaCTH'-IHOH 

MOIUHOCTH :rnepro6noKa. 

IlyCTb TalOKe B (5) Me)K.uy 

Q ( t , n 
1 

( ro, r), T 
1 

( ro , r)) 1,flj (t , n 
1 

( ro, r) T 1 ( ro r)) 
cyiuecTByeT TaKoe COOTHOllJeHHe 

q(t,n
1

(ro,r),-r
1
(ro, r))= 

== 0 (t ,nj ( ro, r ), 't j ( ro , r) )Q(t,nj ( ro, r ), -r 1 ( (J) , r) ), (8) 

r.ue e(t,nj (ro,r) ,-r1(ro ,r)) -

=8(1,11(1
1

(ro,r)) T
1

(ro, r)) - K03cpcpHUHeHT 

HCTIOJlb3OBaHH.sl B MOMeHT f HOMHHaJJhROH 

ycTaHoBneHHOH MOillHOCTH :rnepro6110Ka. Tor­

,n;a H3 (4), (8) H (7) CJle)lyeT, '-ITO 

e(t,nj (ro,r) ,-r j (ro ,r)) Q(t,nj(ro,r) ,'t j (ro ,r)) = 
I 

= _L Y(i)0(t ,n
1 

(ro,r),-r1 (ro r), i) x 
1=0 

xQ(t,n
1

(ro,r) ,-r)ro ,r) ,i). (9) 

Ec1111 JlAA acex BHJlOB i cnpoca Ha 3Hep­

nuo, npeJl'h.si:BAAeMhIX K OJlHOM H TOH )Ke :rnep­

roycrnHOBKe, K03cpcpHUHeHThl 

0(t,n
1

(ro,r) -r
1

(ro ,r),i) O)lHHaKOBhI, TO C yqe-

TOM (3) TIOJJYt.JHM e (t,nj ( ro, r ), 't 
1 

( ro , r)) = 

= e(t,nj (ro,r),-r j (ro ,r), i) . B 6onee o6meM 

cnyqae, eCJlH ( 4) BhITIOJIHHeTCH 06.si:JaTeJlbHO, a 

(3) - He o6.si:3aTeJlhHO, TO CB.s13h Me)l(.lly 

0(t,n
1 

(ro, r ),-r
1 

(ro, r )) H 0(t, n
1 

(ro, r ), 't
1 

(ro, r ), i) 
)laeTCH Bbipa)KeHHeM (9). 

1.3. Hepapxu11ecKuii ypooenb 2 -oce 
odnoope.A1en110 ooedennbte o :JKcnnyama~u,o 
oduomunnbte 1nepzo6J10Ku odnoii u mou J1Ce 

nJtOU4lldKU p03.MeU4e1tUR 

)],AA ycTaHOBJleHHhIX MOillH OCTeI1 

Q
1

(ro,r,T
1

(ro,r)) - Q(t
1

(ro,r),T
1

(ro, r)) , 

Q 
1 

(t , ro, r, 't 
1 

( ro, r)) = Q (t , 1
1 

( ro, r ), T 
1 

( ro, r)) , 

Q 
1 
(t, ro, r, 't 

1 
( ro, r ), i) = Q (1, 1

1 
( ro, r ), T

1 
( ro, r) , i) 

H TeKymHx 3arpY3OK q
1
(t,ro r,Tiro,r)) = 

=q(t,t1 (ro,r),T
1

(ro,r)), q1 (t,ro,r,-r1 (ro,r) , i)= 

= q (t , IJ ( ro, r ) , 't J ( 0), r ) , i) Bcex O)lHOTHilHhIX 

3Hepr o6nOKOB npOH3BOJlbHOro THna r , BBe­

)leHHhIX B 3KCilnyaTauHIO Ha rrpOH3B0JlbHOM 

nnoma,n;Ke w paJMerueHIDI Ha HHTepaa.JJe 

(- oo, T) BpeMeHH B MOMeHT t1 ( ro, r) , MO)KHO 

3anHCaTb 
N

1
(w,r) 

Q
1

(ro,r,-r
1

(ro,r))= L Q(n
1

(ro r),T1(ro,r)) (10) 
n,(w,r)=O 

• Ni(w.r) • 

Qit,ro,r,Ti(ro,r)) = L Q(t,n/ro,r),Tiro,r)) , (11) 
n1(w.r)=O 
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N (ov) 

Q)t,w,r,Tiw,r),i)= f Q(t,n;(w,r) ,T;(w,r),i}(l2) 
n

1 
(w.r),oQ 

N (w,r) 

cjit,w,r,T;(w,r))= '.f q(t,n;(w,r),T;(w,r)), (13) 
n

1
(w,r)=O 

N1(w,r) 

q 
1
(1,w,r,T;( w,r ),i)= L q(t,n,( w,r ),Ti w,r ),i} (14) 

n,(w,r)=O 

r,ne Nl(w,r) = N(tl (w,r))-l{HCflOHMeHO,U­

HOTHIIHbIX cepHHHblX :rnepro6noKOB r , KOTO­

pble BBO,U.RTCR B :)KCnnyarnu,mo B O,UHH H TOT 

)Ke MOMeHT t;( w,r) speMeHH tta rrnoma,nKe ro. 

C yqeTOM (5), (6) w (2) crrpase,nnHBbl co­

OTHOUleHJ,fj[ 

Q
1 

( w,r, T1 (w,r )) ~ Q
1 

(1,w,r, T1 (w,r )) ~ 

2'.q
1

(t ,w,r,T
1
(w,r)) ~O, (15) 

Qit,w,r,-r;( w,r ),i) ~q it,w,r;r;( w,r ),i) ~ 0 (16) 

npH t ~ t 
1 

( w, r) ; 

Q
1 
(1,w,r, T 1 (w,r )) =q 

1 
(1,w,r, T1 (w,r )) = 0, (17) 

Q 
1
(1 ,w,r, T ;( w,r ),i) =q 

1
(1,w,r, T;( w,r ).i) = 0 (18) 

rrp H t < t Aw, r) . 
HepaseHCTBO (15) 03HatJaeT, 'ITO cpyHKQHJI 

Q
1 

(t ,w,r, T
1 

( w,r)) H3MeHeHHR o6mei1 CyM-

MapHOH ycTaROBneHHOH MOlllHOCTH O}lHOTHII­

HhlX :mepro6nOKOB, BBe,neHHbIX O,UHOBpeMeH­

HO B )KCIIJJyaTaQmo B MOMeHT ti ( w,r) speMe-

HH, rrpHHHMaeT 3HatJeHJ,fj[, paBHbie o6mei1 

CyMMapHOH ycTaHOBJJeHHOH MOIUHOCTH 

Q
1
(w,r,T

1
(w,r)) JTHx :rnepro6noKosrrpH t ~ 

2: tl (w,r) HHYJJIOIIpH t < tl(ro,r). 
flo TeXHHKO-)KOHOMHtJeCKHM rrpwmHaM 

o6IUM CyMMapttaR 3arpy3Ka q
1
(t,w,r,T;(ro,r)) 

)THX )Ke )Hepro6noKOB s mo6oii MOMeHT spe­

MeHH MO)KeT nw6o IIO.!JJlep)KHBaTbCH Ha ypoB­

He HX o6mew CyMMapHOH ycTaHOBneHHOH 

MOIUHOCTH, nw6o CHH)l(aTbCSI .no 6onee HH3KO­

ro ypOBHH (snnOTb .uo ttynesoro, 'ITO COOTBeT­

crnyeT BpeMeHHOMY HJJH OKOHtJaTenhHOMY 

BbTBO.UY )THX )Hepro6noKOB H3 )Kcrrnyarn­

QHH ). 

HepaBeHCTBO (16) coxpaHHeT JTY )Ke 

JJOrHKY B OTHOWemrn cpyttKQHH 

{\(1,ro,r, T;(ro,r),i) H3MeHeHHR tJaCTHlJHOH 
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CyMMapHOH ycTaHOBneHHOH MOIUHOCTH M 

cpyttKl.(HH 11 , (1,w,r,TJ(w,r),i) H3MeHeHHH qac-

THLfHOH CyMMapHOH 3arpy3KH JTHX )Ke )Hep­

ro6nOKOB. 

flo.ucTaBHB (3) s (11) c yqeTOM (12), 

nOJJYtJUM Q
1 
(t,w,r,T

1 
(w,r)) = 

I • 

= L y(i) Q;(t,ro,r, T;(w,r),i). AttanorntJHO, no-
1=0 

.UCTaBHB (4) s (13) c yqeTOM (14), nonyqHM 
I 

q(t,w,r,T;(w,r))= L Y(i) qit,w,r,-r;(w,r).i). 
t=O 

Bse.ueM ttatJanhHbie ycnoBJrn ,nnR t = - oo 

H j = O 

Qo(- 00,w,r, -r0( ro,r) )=Qo(-00,w,r, T 0( w,r ),i) = 0 (19) 

H KOHe'IH1,1e ycnosm1 .UJJH t = T 

Q,(T,ro,r, -r;( w,r)) = Q
1
(T,w,r, T/ w,r ),i) = 0. (20) 

Onpe,neJJHM 0(t,ro,r,T;(ro,r))- KOJq>q>HQH­

eHT HCIIOJJh30Bamrn: o6meii CyMMapHOH ycrn­

HOBneHHOH MOIUHOCTH scex O,UHOBpeMeHHO 

sse.uettHhIX Ha O.UHOH 11 TOH )Ke rrnoma.uKe 

pa3Mememrn O,llHOTHIIHblX :rnepro6JIOKOB H3 

ycnOBHH O)lHHaKOBOH 3arp~eHHOCTH JTHX 

3Hepro6JJOKOB KaK 0(t,W,r,T
1

(w ,r)) -

= 0 (t,n(t
1 

( W,r) ), T1 ( W,r) )= 0(t ,n
1

( W,r ), T
1

( W,r ),i) = 
=0(t,n(1

1
(w,r)),T

1
(ro,r),i). 

Bblpa3HM cpyttKLlHH qi (1,ro,r, TJ (w,r) ,i) H 

qi (t ,w,r, Tl (w,r)) C yqeTOM )Toro KOJ<pq>HI.lH­

eHTa. J-h (14 ), (7) H (12) IIOJJYtJHM 

q J (t,W,r, T
1 

( (J),r ),i) = 0 (t,OJ,r, T
1 

( W,r)) X 

x Q
1 
(t,w,r,T

1 
(w,r),i), a H3 (13), (8) H (11)-

17, (t ,ro,r,T
1 

(w,r))= 0(t,W,r,T
1 
(ro,r)) X 

x Q
1
(t,w,r,T

1
(w,r)). 

I .4. Hepapxul/ecKut'i ypo6eHb 3 -
npou160flb1ta11 n110U(aOKa w pa3.hteU(e11u11 

Ha npoH3BOJibHOH nnomaJlKe w pa3Me­

memrn B mo6oi1 MOMeHT t speMeHH CyMMap­

HaR TeKYIUaH 3arpy3Ka scex )Hepro6JJOKOB O)l­

HOro npott:3BOJihHOro nma r pastta 



J(w,r) 

CJr(t,ro,r)= L cj1 (1 ,ro,r,-r1 (ro,r)), (21) 
FO 

a C)'MMapHa.SI TeKyma.SI 3arpY3Ka TOJihKO no 

BHJJ.Y i Bhrpa6aTbIBaeMOH :rneprnH, COOTBeT­

CTBeHHO, pasHa 
J(w,r) 

c1r(t,ro,r,i)= L q
1
(t,ro,r,-r

1
(ro,r),i). (22) 

J;O 

lfa (19), (17) 11 (21) CJle.ll,yeT, 'iTO 

qr (- 00, ro, r )= 0, 

a 113 (19), (18) H (22) -

(/i; (-oo,ro,r,i)= 0. 

(23) 

(24) 

.ll:Jl.SI :rnepro6JlOKOB THna r K MOMeHTY t 

CyMMapHa.SI (no sceM BHJJ.aM cnpoca Ha :rnep­

nuo) :rneprosb1pa60TKa onpe.ll,en.SieTc.SI TaK: 
I 

qr (t , ro, r) = f Cf i: (t', ro, r )dt' , 

a CyMMapHa.SI 3HeprOBbipa6oTKa TOJlbKO no BH­

JJ.Y i 3HeprHH, COOTBeTCTBeHHO, paBHa 

I 

qr(t,ro,r,i)= f CJi:(t',ro,r,i)dt'. 

C)'MMapHa.SI ycTaHOBJleHHa.SI MOIUHOCTb 

YJJ.OBJleTsop.SieT orpaHH'ieHmo 

Qr (t,ro,r )~ CJr (t,ro,r) ~qr. (t,ro,r,i)~ 0, 

rJJ.e Qi; (t, w, r) onpeJJ.em1eTC51 ypaBHeHHeM 

d Qr (t, ro,r) /dt = Qr (t, w, r) = 

J(ro,r) . 

= L Q/t,w,r,-r/w,r))o(t-t/w,r)). (25) 
J;O 

B mo6oif' MOMeHT t JJ.Jl.SI scex 3Hepro6no-

KOB npOH3B0JlbHOH nnomaJJ.KH (JJ MO)KHO 

3arrncaTh 

dQr (t,w )/dt =Qr (t ,w) = 
R J(w,r) . 

= L L Qit,w,r,-r/w,r))o(t-tlw,r)) , (26) 
r-0 ;;0 

rJJ,e R - 'iHCJlO HeCIOBTOp.Sl:IOlllHXC.SI: THnOB 

3Hepro6JlOKOB, KOTOpbie MOrYT BBO,D,HTbC.SI. B 

3Kcnnyarnumo Ha nnoma.LJ.Kax w . 

CpaBHeHHe (25) 11 (26) .ll,aeT paseHCTBO 

d . R d . 
-Q,. (t,w)= r - Qi; (t ,w,r ). 
dt - r;0 dt 

IloJIHOe 'iHCJIO 3Hepro6JIOKOB, BBe.ll,eHHbIX 

B ,uonnaHOBbIH nepHO,ll npe,UbICTOpHH H BBO­

JJ.HMbIX B OIITHMH3HpyeMOM nnaHOBOM nepHO­

JJ,e, Ha rrpoH3BOJihHOM nnom:a.[{Ke w pa3Meme-

R 

mu1 pasHo L (J ( ro, r) + I) . 
r=O 

CyMMapHa.SI TeKyma.SI 3arpY3Ka [IJIOllla,UKH 

(JJ no BCeM BH,UaM Bbipa6aThIBaeMOH 3Hepnrn 

BKJlJO'iaeT see C)'MMapm,1e TeKymHe 3arpY3KH 

3Hepro6JIOKOB THilOB r ' pacrrono>KeHHhlX Ha 

3TOH mrnma,D,Ke, T.e. 

R 

Cfr(t,w)= L iJi:(t,w,r), (27) 
r-0 

H no BHJJ.Y i 3Heprm1, COOTBeTCTBeHHO, pasHa 

R 

Cfr (t ,w, i)= Ltir(t ,w,r,i). 

lfa (23) 11 (27) cne,uyeT, 'iTO 

qi:(-00,ro)=O, 

a H.3 (24) H (28)-

qr (-00, ro, i) = 0. 

(28) 

(29) 

(30) 

C)'MMapHa.SI (no sceM BH,D,aM crrpoca Ha 

3Heprll0) 3HeprOBbipa6oTKa K MOMeHTY t 

s cex 3Hepro6JIOKOB rrnoma,uKH w onpeJJ.emn-

I 

c.SI KaKqr(t,w)= f CJr.(t',w)dt', a no BM.UY i 

3HeprHH, COOTBeT CTBeHHO, paBHa 

I 

qi:(t,w,i)= f CJr.(t',w,i)dt'. (31) 

.ll:n.SI C)'MMapHOH ycTaHOBJleHHOH K MO­

MeHTY t MOlllHOCTH BCex 3Hepro6nOKOB Ha 

rrnoma.uKe (JJ ,llOJI)KHbI BhITIOJIH.SI.ThC.SI HepaBeH-

CTBa Qr (co) ~Qr (t,co) ~<ir. (t ,co) ~qr (t,w,i) ~ 0 , 

03Ha'iaJOlllHe, 'iTO B JIJ060M MOMeHT t ~ tr. ( 0)) 

speMeHH rrpe,ueJlbHa..SI ycTaHOBJleHHaH MOlll­

HOCTh Qr. ( (J)) Ka)K,llOH IlJlOlllaJJ;KH (JJ .ll,OJI)l(Ha 

6bITb HeOTpHI(aTeJibHa 11 He MeHhrne CyMMbl 

ycTaHOBJieHHhlX MOlllHOCTeH Q}. (t ,(!)) 3Hepro-

6JIOKOB, BBe.n;eHHhIX B 3KCITJiyarnumo Ha '.HOH 

IlJIOllla.n.Ke .n.o MOMeHTa t . 
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l .5. Hepapxu'lecKuu ypoBellb 4 -
:1uepzo61WKU mollbKO oiJuozo m,ma r 

110 «ce,i :1uepzocucmeAte 
,Uilll mo6oro MoMeHTa t BpeMeHH cnpa-

Be.D,JIHBO COOTHOWeHHe 

dQr. (t, r)/dt = Qr. (t, r)= 
Q J(u,,r) =LL Q

1
(1,ro,r,-r

1
(ro,r))o(1-t1 (ro,r)), (32) 

w=O J=O 

r)le Q - 4HCJIO nJJOUWJlOK pa3MemeHHj{ 3Hep-

ro6JJOKOB 3HeprocHCTeMbl. 

IIpocyMMHpOBaB (32) IIO r , a (26) no w , 
R d . Q d . 

nOJJynIHM r- Qr,(t,r)=L-Qr.(t,ro) HJJH 
r=O di w=O dt 

R •• Q •• 

LQr.(t,r)= LQr.(t,ro). 
r=O u,=0 

CyMMapHM TeKyru.M 3arpy3Ka IIO BCeM 

BH.D,aM Bbipa6aTb1BaeMOH 3Hepnrn paBHa 
n Q J(w,r) 

cjr.(t,r)=Lqr.(t,ro,r)= LL ciit,ro,r,-riro,r)),(33) 
u,=0 Ul=O J =0 

a TOJlbKO no BHJlY i Bbipa6aTbIBaeMOH 3Hep-

rHH, COOTBeTCTBeHHO, paBHa 
Q 

<lr. (t,r,i) = L,<ir. (t,ro,r,i) = 

I-fa (23) H (33) cne)lyeT, qTO 

<ir.(-oo,r)=O, 

a 113 (24) H (34), qTO 

qr.(-oo,r,i)=O. 

(34) 

(35) 

(36) 

IIpocyMMHpoBaB (33) rro r , a (27) no w , 
R Q 

rrorrynIHM L<ir (t,r) = L 'lr. (t,co) ; rrpoCyMMH-
r=o w=O 

poBaB (34) no r , a (28) no w , noJJyqHM 

CyMMapHM (no BCeM BH)laM cnpoca Ha 

3Heprmo) 3HeprOBbipa6oTKa K MOMeHTY t )lJIH 

BCeX 3Hepro6JIOKOB O)lHOfO npOH3BOJibHOrO 

THIIa r BO BCeH 3HeprocHCTeMe onpe)leJIHTCH 

I 

TaK: qr.(t,r)= f <lr(t',r)dt' 'a TOJlbKO no BHJlY 
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i Bblpa6aTbIBaeMOH :meprmi:, COOTBeTCTBeH-

I 

HO, - q_ (t,r,i) = f 'h (t',r,i)dt' . 

)].mi: CyMMapHOH ycTaHOBJieHHOH K MO­

MeHTY t MOWHOCTH scex 3.1.iepro6JIOKOB O)l-

HOrO rrpOH3BOJlbHOfO THna r BO BCeH 3Hepro­

CHCTeMe )lOJJ)l(Hbl BbITIOJIHj{TbCj{ COOTHO­

wemui ,?r.(t,r)~<ir(t,r)~ qr.(t,r,i)~O. 

l.6. Hepapxu11ecKut, ypoBellb 5 -
6CJI J11epzocucme.Ma 

Ha ypOBHe 5 CyMMHp)'lOTCH xapaKTepHC­

THKH 3Hepro6JJOKOB BCex THnOB no BCeM nno­

ma)lKaM pa3MemeHHH 3HeprocHcTeMhI. 

ITo onpe)lenemuo B mo6oii MOMeHT t 

BpeMeHH CyMMapHM TeKyIUM npOH3BO)lH­

TeJJbHOCTb qr (t) Bcex nnowa.n,oK w npe.n,cTa­

BJIHeT co6oii cyMMy no BceM nrromaJlKaM cyM­

MapHbIX TeKyIUHX npOH3BOJlHTeJibHOCTeH BCeX 

3Hepro6JIOKOB KIDKJlOH nnoma,uKH: 
Q R 

qr.(t)=L,Cfr.(t,ro)=L<ir.(t,r) (37) 
u,=O r=O 

- IIO BCeM BH,UaM cnpoca Bbipa6aTbmaeMOH 

)HeprHH; 
Q R 

Cfr. (t,i) = L <ir (t,ro,i) = LlJr. (t,r,i) (38) 
r=O u,=0 

- .Ulll BH.Ua i cnpoca Bb1pa6aTbrnaeMOH 3Hep­

rHH. 
0.3 (29) liJili (35) H (37) cne,uyeT, qTo 

lJr (-00)=0, (39) 

a H3 (30) HJIH (36) H (38), lfTO 

<lr (- 00, i) = 0 . (40) 

Tor)la CyMMapHaH 3HeproBbipa60TKa K 

MOMeHTY t Bcex 3Hepro6JIOKOB ,UJUI scex TIJIO-

wa,uoK 3HeprocHcTeMhI orrpe,uemncsi: TaK: 

I 

qr. (t) = f qr (t')dt' - no BCeM BH,UaM cnpoca 

Bbipa6aTbIBaeMOH 3HeprnH; 
I 

qr. (t ,i)= f iir. (t',i)dt' - .D,JIH Bli)la i cnpoca 

Bb1pa6aTbrnaeMOH :mepriiH. 

CyMMapHYJO 3HeprOBbipa6oTKy K MOMeH-

TY t BCeX 3Hepro6JJOKOB JlJUl Bcex rrnoma)lOK 

"3HeproCHCTeMbl MO)KHO TIOJIY'-IHTb TaK: 



.Q II 

qr(t)= L,qr(t w)= L,qr(t,r) - no BCeM BH-
w=o r =0 

)WM cnpoca Bh1pa6aThrnaeMoH :mepnrn, ecn11 

npOl1HTerp11poBaTh (3 7) no BpeMeHM; 
.Q II 

qr(t,i)=L,qr(t,w,i)= L,qr(t,r,i)- )IJI51 BM)Ia 
0!=0 r =0 

i cnpoca Bb1pa6aTb1BaeMoti :mepnnI, ecm1 

npomnerp11posaTb (38) no speMeHH. 

,ll;ml C}'MMapHOH ycTaHOBJieHHOH K MO­

MeHTY t MOlUHOCTH scex 3Hepro6JIOKOB scex 

lIJIOlUa)IOK 3HeprOCHCTeMhI ,llOJl)f(Hbl BbIIl0Jl­

IDIThC51 COOTHOIIJeHH51 Qr(t)~qr(t)~qi;(t,i)2:: 

2: 0, rne Qi; (t) onpe.ue1rneTC51 ypasttemIeM 

d Qi; (t)/dt = Qi; (t) = f Qr (w )o(t-tr (w )) . 
0!=0 

2. IlpocTpaHCTBO BHelliHHX orpa11Hqeuuu: 

TiyCTb u + - MHO)KeCTBO HaHMeHOBaHHH 

orpaH11qeHHbIX pecypcos, CB513aHHOe C npOH3-

BO,llCTBOM 3HeprmI, TaKoe, tJTO U + = { ulu = 

= 0, U; v+ = 0, eCJll,f u = 0}. 

Mtto)KeCTBY U + HaHMeHoBaHHH orpaHH­

tJeHHhIX pecypcoB CTaB51.TC51 B COOTBeTCTBHe 

MHO)KeCTBa (p)'HKilHH speMeHH: H + )lJ151 sepx-

HHX 11 H_ JlJI51 HH)KHHX rpaHHU H3MeHeHl151 

3THX pecypcos, TaKHe, qrn H+ = { H(")(t) lu = 

=0,U, tE(- 00 ,T); H+ = 0,ecm1u = O}H 

H_ ={h("1(t)lu = 0,U, tE (- 00 ,T); H_ = 0, 

ecn11 u = O}. 
HanpHMep, ,llJIH HOMHHaJibHOH (npo-

eKTHOH) ycTaHOBJieHHOH MOIUHOCTH 

Q(niw,r) ,"t)w,r)) cepHHHoro 3Hepro6noKa 

npOH3BOJU,HOrO THna r C HMeHeM nj ( w, r) H 

B03pacTHbIMH xapaKTep11CTHKaMH T 
1 

( W r) , 
rrpe)lnonaraeMoro K BBO)Iy s 3KcnnyaTaI.J.HIO 

Ha npOH3B0JlbHOH lIJIOlUa,llKe W pa3MemeHH51 

Ha HHTepsane (-oo, T) BpeMeHH B MOMeHT 

tj ( w, r) , HWI orpaHH'-leHHH 6y)leT u = 

=Q(nj (w r) ,TJ(w,r)) , (pYHKilHH H("\t) H 

h(") (t) 3a)laHbl, a orpaHHtJeHHe HMeeT BH)l 

h<"\t)5Q(n, (w,r),T
1 

(w ,r))::;H("l(t). 

3TOT npHHUHII COCTaBJJeHH51 orpaHM'-leHHM 

MO)KHO pacnpOCTpaHHTb Ha JJI060H orpaHH­

qem-lhIH pecypc. 

3. Cnpoc ua JHepruro 

K MOMeHTY t BpeMeHH IlOTpe611TeJJH npe­

)Ib51.BJ151lOT 3HeprocHCTeMe C}'MMapHblH 3KBH­

saneHTHblli cnpoc Ha 3HeprH10 scex BHJlOB, 
I 

paBHblM qt'mand)(t)=I,0(i)q~donand)(t ,i), r)le 
1=0 

0(i) - K03<pqmuHeHT nepeso)la 3seprn11 s11.ua 

i B 3KBHBaJieHTHyIO 3Heprnl0 (Harrp11Mep, ec­

JIH q~dcmand)(t) npe)ICTaBJ151Th B BH)le 6a3HCHOH 

3JieKTP03Hepr1111, H3MepeHHOM s KBT·Yac (HnH 

rBrc), a BH.ll 3Hepnrn i - Tenno so)lmoro 

rrapa orrpeneneHHoro noTeHu11ana, H3MepeH­

HOe B r,n)K, TO K03(p(pHUHeHT 0(i) 3KBI1Bane­

HTHO rrepeBO)lHT TeIIJIO B 6a3HCHyIO 3JieKTp0-

3HeprHIO, T.e. onpe)lem1.eT, CKOJihKO KBrqac 

(mm rBrc) JIOJlyqHTC51 113 O)lHOro r,n)K). B 
qaCTHOM CJiyYae BO3MO)KHO, '-ITO a(i) ='Y(i); 

(demand)( ') ~ qr t,1 - cyMMapHblH crrpoc Ha 3HeprOBbI-

pa6oTKy BH,lla i K MOMeHTY t , npHqeM 

qidemand)(t) ~ Q ' qidemand)(t , i) ~ 0 . 

,ll;nH crrpoca Ha 3HeprHIO BH)Ia i , npe)lb-

5113JI51eMoro K 3Hepro6noKaM rrnorua)lKH w, 
)lOJl)KHbl BbIIlOJJH51.TbC51 COOTHOIIJeHHH 

.Q 

q~dcmand)(t ,i) = L qidemand)(t,ro, i) , qtmand)(t , ro, i) ~ 0, ( 41) 
0!=0 

r)le qidemand)(t,ro, i)- CITpOC Ha 3HeprOBblpa60T-

KY BH,lla i K MOMeHTY t speMeHH, npe)lb51.B­

JI51eMhIH KO BCeM 3Hepro6noKaM nnoma)lKH co. 
EcnH 3HeproBhipa6oTKa nI06oro BH)la -

HecKJJanHpyeMhrn npO.llYKT, TO cnpoc 

q~dcmand)(,,w, i) Ha Hee B TO'-IHOCTH paseH npe)l-

JJO)KeHHlO qr(t,w,i) co CTOpOHhI ee rrpOH3B0-

)lHTeJieH: 

(demand)(! ·) - ( ·) > O q1 , W , l -qi; l , W , l _ . (42) 

06bI'lHO <pyttKU.HH cnpoca 3a)laIOTC51 JIH6o 

uenpepbIBHbIMH, m160 KycoqHo-HenpepbIBHbl­

MH (p)'HKQH51MH, 6bITh MO)KeT, HMeIOUJ,HMH 

pa3pb1Bbl nepsoro po.ua. B 3TOM CJiyYae OHH 

HMel-OT npOH3B0)lHbie C KOHe'-IHbIMH 3Ha'-le­

HH51MH. 
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<l>OpMa.JlbHO )J.JUI 

ssecTH onpe.uene1-rne 

(demand)(/ ·) qr. ,W,I MO)l(HO 

I 

(dcmnnd)(f •) = f · (demand)(!' •\,ft ' qr. ,W,I q r. ,W,I I" , 

· (demand)( ·) _ O q l -oo, (J), / - . (43) 

Tor.ua HJ (42), (43) H (31) cne.uyeT paseH­

CTBO q~=and>(t ,w,i) = cir. (t,w,i), H sapHaum1 

cnpoca Ha MOIJ..U-IOCTH q ~emar,rl)(t ,w,i) KOMTTeH­

CHpyeTCH sapHauHeH npOIBBO)J.CTBeHHblX 

MOIUHOCTeH C/r. (t ,w,i) ' T.e. 

._ • (demand)( ·) _ ._ · ( ·) uq r. l,W,t -uqr. t,w,1 . 

IlocKOJlhKY :rnepnrn He HBJJHeTCH CKJJa)lH­

pyeMbIM npO.UYKTOM (HMelOTCH BBH.UY 60Jlb­

WHe ee o6beMbl s OTJlHqHe OT MaJJbIX o6be­

MOB, KOTOpble MO)J(HO aKK}'MYJJHpOBaTb B cne­

UHa.JlbHbIX YCTJ)OHCTBax, Bb!IlOJlHHlOIUHX pOJJb 

CKJla,ua noTeHUHa.JlhHOH :meprnH), TO Cy'MMap­

HaH TeKyi.uaH :meproBbipa6oTKa scex BH.UOB 

:rnepnrn Ha nnorua,uKe w .UOJJ)J(Ha paBHHTbCH 

C}'MMapHoMy cnpocy scex BH.UOB :rneprnH, 

Bbipa6aTbIBaeMOH nnorua,uKoH w, T.e. 

qr. (t ,W) =qidemand)(/, (J)), qidemand)(t, ffi) ~ 0 , f)J.e 

I 

qt'mand)(t ,w) =Le (i)qidemand)(t, w, i) . 
/ :0 

4. IlepBH•rnoe Chiphe 

KaK )')Ke OTMe'-!aJlOCb BbJWe, MO)J.eJlb 

BKJllO'-!aeT / BH)J.0B nepBH'-IHblX 3HeprOHCTO'-I-

HHKOB (nepsHqHoro 3HeprenrqecKoro CbipbH), 

nepepa60TKa Ka)l()J.oro H3 KOTOpblX MO)J(eT .ua­

BaTb 3HeproCHCTeMe CBOH coprn 3HeprocbipbH. 

M3MeHeHHe TIOCTynaIOIUero Ha CKJla)J. K 

MOMeHTY l speMeHH o6beMa G(t,s(l)) 3Hep­

reTH'-leCKOro CbipbH copTa s )J.JlH nepBHqffQfO 

3HeprOHCTO'-IHHKa / B CB.R3H C B03MO)J(HbIM 

TIOTJ)e6nem1eM 3Toro copTa :mepreTH'IecKoro 

CblpbH )J.JI.R Hy)l()J. 3HeproCHCTeMbl .uaeTCH ypaB­

HeHHeM BH)J.a 

dG(t,s(t))/dt =- G(t ,s(l)) , (44) 

npHt-1eM 

G(t,s(l)) ~ 0. (45) 
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TioToK G(t,s(l)) MO)J(eT 6bITh mo6oro 

J11aKa, no 

G(-oo,s(l)) =O. (46) 

Bb1pa)J(eHltH (44) ... (46) B .ueikTBHTeJlbHOCTH 

npe)lCTaBJl.RIOT co6oi,i CHCTeMy ypaBHeHHH. 

TexHOJIOfH'-!eCKHe COOTHOWeHJrn, CBH3bl­

BalOIUHe 3HeproBblpa60TKY K MOMeHTY t 

3Hepro6noKa THTia r ' paCTTOJlO)J(eHHOrO Ha 

TTJIOIUa.[{Ke (I) H BBe,UeHHOro B 3KCnnyaTaumo 

B MOMeHT l J ( w, r) , C TIOTJ)e6neHHeM 3Hepre­

TH'-!eCKOro CblpbH copTa s , HMeIOT BH)l 

• R 

G(t, s(l)) = L G(t ,r,s(l)), (47) 
r=O 

. n . 
G(t,r,s(l)) = L G(t,w,r,s(l)) , (48) 

w:O 

G(t,w,r,s(t)) = 

J(w.r) { 

= ~ Mcq (w,11 (w,r}r,s(l)){t (t,ffi, r) + 

I 

+ f gcq (1',w,1
1 
(w,r) ,r,s(l))ij

1 
(t',w,r)dt'} (49) 

.UJJH t
1 

(w,r)~t. 
3.uecb Meo. - 3KBHBaJJeHTHaH Ha'-!aJJbHaH 

3arpY3Ka CblpbH copTa S B CHCTeMe " :rneproyc­

TaHOBKa-TOTTJIHBHblff UHKJl" K MOMeI-ITY t )J.Jl.R 

3Hepro6noKa THna r , pacnoJJO)l(eHHoro Ha 

nnorua.uKe (I) H BBe)leHHOro B 3KCnnyaTaUHlO 

B MOMeHT I 
1 

( w, r) , a gcq - pe3yilbTHPYJOIUHH 

ro.uosoii noToK Cbipb.R coprn s B 3TOH )J(e 

CHCTeMe )J.Jl.R 3TOro )Ke :rnepro6JJOKa. 

,D,nH 3Hepro6noKa 513Y 3TH xapaKTepHc­

THKH )lalOTC.R Bbipa)l(eHHHMH [ l] 
M eq = M m + /1M out TEFC / T, - ( /1Mm + /1M ou.} / 2 , 

g eq =(/1Mm - /1Mou.}/ T, , 

r .ue M in - Ha'-!aJlbHaH 3arpyJKa CblpbH coprn S 

B ::>Hepro6JJoK; /1Mm - nopUHH CblpbH COpTa s , 
pery n.RpHO .UOrp)')KaeMaH B 3Hepro6JJOK C HH­

Tepsa.noM 'I', ; /1MOUI - nopUHH CblpbH coprn s ' 
perym1pHo Bbirp)')KaeMaH HJ 3Hepro6noKa c 

HIITepsanoM T, ; TEFc - speMH Ja.uep)KKH Cbipb.R 

copTa s BO BHewHeM TOTIJlHBHOM UHKJJe 

(BKJJJO'-laH BpeM.R Bbl,Uep)KKH o6JJY'-!eHHOro s 

5I3Y TOTTJIHBa, pa)lHOXHMH'-leCKOH nepepa6oT-



KH H H3r0T0BJleHHH HOBbJX T0IIJlHBHbIX c6o­

poK) .uo roT0BH0CTH K HCTT0Jib30BaHHIO B 

.5I3Y. 

CbipbeM coprn s s .5I3Y c ::mepro6noKoM 

THna r M0)KeT 6bITb KaKOli-JIH6o H30T0TT, CKa­

)KeM, 
235U HJlH 

238U, HJJH 
239Pu HT . .[{. Tonmrno 

)l(e ape,nCTaBJJHeT co6oH CJI0)KH)'l-0 K0MTT03H­

umo H30TODOB (CbipbH MHOfHX copTOB S ). B 

3TOM CJIY,-Iae M0)KH0 npocJie,llHTb cy.ub6y 

Ka)K,[{0ro H30T0na CJIO)KH0H K0MI103HIJ,HH 

H,nepHoro TOilJlHBa 3TOro :mepro6JIOKa. 

,UJI.H HeH,nepHblX 3Hepro6JIOKOB (HanpH­

Mep, Ha npHp0,llH0M ra.Je HJIH yrne H T.,ll.) 

q>OPMYJibl .UJIH Meq H geq ynpomaIOTCH, TaK 

KaK s 3TOM cny,-rae /1M
0
u, = 0. IlpH t, ( ro, r) > 

> t cne.uyeT HMeTb B BM.UY (17). 

CoOTHOilleHHH (47) ... (49) npe.unonaraIOT 

rrpHMeHemre ,llJIH 3HeproBbipa6oTKH He TOJibK0 

3Hepro6JIOKOB, opHeHTHp0BaHHbIX Ha IIOTPe6-

JieHHe 0.UH0ro BH.[{a CbipbH (HarrpHMep, yrJI.H 
HJIH npHpo.[{Horo raJa), HO TaK)Ke 3Hepro6no­

KOB, opHeHTHp0BaHHbIX Ha KOM6HHHpOBaHHOe 

HCIIOJlb30BaHHe CblpbH. 

5. Bpeti.Hble Bbl6pochl 
e OKPY*arouzyro cpeti.y 

3HeproBbipa6oTKa conp0B0)K,llaeTCH BbI6-

pocaMH "H,llOB" (XHMHl.JeCKHX coe,llHHeHJiH 

HJIH semecrn ), 3arpH3HHIOIUHX npHpO.UH)'l-0 

cpe.uy, HapymaIOll.l,HX paBHOBeCHe 3KOCI1CTe­

MbI, yxy.urnaIOll.l,HX rrpHBbJt{HbJe ycJI0BHH 0611-

TaHIDI qeJI0BeKa, q>aym,I 11 q>nopbl. 3TH BbI6-

pocbI CHH)l(aIOT ypoBeHb )l(HJHH qeJIOBeKa 

(2 ... 4], T.e. CHH)KaIOT Kaqecrno 11 6eJorrac­

HocTb )KH3HH, HapymaH paBH0BeCHe B ")l(H­

Boii" 11 "He)l(HBoii" npHpo.ue. qT06b1 no.n.nep­

)l(HBaTb npHeMJieMbIH ,llJUI qeJJ0BeKa H npHpo­

)J.bl (PaJYMeeTCH, C T0qKJ,i 3peHml qeJIOBeKa) 

yposeHb )l(J13HH, cne.uyeT HaJI0)l(HTb orpaHH­

qemu, Ha Bb16pocb1 "H.D.OB" B peJyJibTaTe qeno­

BeqecKoii ,neHTeJibHOCTH, B TOM qJicJJe npm13-

B0.[{CTBa 3HeprnH. 

IlyCTb V+ - MH0)l(eCTBO pernaMeHTHpye-

MbIX "H.n.os"; np11qeM 

V+ = 0, eCJUl V 

v+ = { v I v = o ,v ; 
O}, r.ue V - qJ,ICJI0 

pernaMeHTHpyeMbIX "H,llOB". )XnH CYMMapHoro 

noToKa G(t,ro,r,v) BbI6pocos "H.ua" v B MO­

MeHT t speMeHH, KOTOpbIH np0H3B0,llHTCH 

sceMH :rnepro6noKaMH THna r nnoma,uKH w 
pa3MemeHHH, MO)l(HO 3an11caTb no aHanonrn c 

(49): 

G(t,co,r,v)= 

=Jt) {l g,o,(t',ro,tiro,r}r, V }1Jt',co,ryit' }(50) 

.UJUI t 
1 

( ro, r) ~ t , 

G(t,ro,r,v)~O. (51) 

8 (50) g,
0

, (t,ro,t
1 

( co,r) ,r, v )- KOJJH'-IeCTB0 

BbI6pocos "H,na" v B M0MeHT t , npHXO.UHme­

ecH Ha eMHHUY npO.D.YKUHH ( e)lHHHUY 3Hepro­

Bbipa6oTKH, HanpHMep, Krl (KBT•qac)) 3Hepro-

6JIOKa THTia r , T.e. rrpOH3Be,neHHOH no TeXHo-

JI0nrn r. 

Bb1pa)l(eHHe ( 51) s o6meM cny,-rae Heo6H-

3aTeJihHO, TaK KaK M0)l(H0 npe.ucTaBHTb CHTya­

UHJO, Kor.ua "H,n" v 6y)leT IlOTpe6JIHTbCH Ka-

KOH-JIH6o 3HeproTeXHOJIOrneii. B 3T0M cny,-rae 

IlOTOK G(t,ro,r, v) MO)l(eT 6bITb B KaKHe-To MO­

MeHTbI speMeHH 0TpHUaTeJihHbIM. 

C)'MMapHbiii noToK G (t,w, v) BbI6pocos 

"H.ua" V B M0MeHT t BpeMeHH, KOTOpbIH npo­

H3B0)lHTCH BCeMH 3Hepro6JIOKaMH nnorua.uKH 

m pa3Mememrn, onpe.ueAAeTCH B s11.ue 

• R • 

G(t,co,v)= LG(t,ro,r,v), (52) 
r=O 

a CYMMapHbIH noTOK G (t, v) Bh16pocos 3T0ro 

"H.ua", KOTOpbIH rrp0H3B0)lHTCH BCeMH 3Hepro-

6JIOKaMH scex nnoma,noK w , paseH 

• Q • 

G(t,v)=I,G(t,co,v). (53) 

Cne.uyeT JaMeTHTb, 'ITO IlpoTOKOJIOM 

KoHq>epeHUHH B KHoTO [2] pernaMeHmpoBaH 

Bbr6poc IUeCTH napHlfK0BhIX raJ0B: CO2' 

CH4 , N 20, HFCs , PFCs, SF6 , B03MO)l(HO, 

BJIB.HIOII{ID( Ra H3MeHeHHH KIDIMaTa nnaHeTbl. 

OTcJie)K!,{8aIOTCH TaK)l(e BbI6pocbI rnecTH BH­

)l0B coemrnemrn [3 ... 5]: so. , NOx , CO, 

CH4 , CO2 , TBep.D.bie '-laCTHUbI. Bse,neHbI pe-

rH0HaJibHbie orpaHJ,f'JeHirn Ha BhI6pocbI 3THX 

coe)J.HHeHHH B 3KOCq>epy. YcTaHOBJieHHe 
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wTpacpoB (nnan,1) 3a npeBblillett11e pernaMeH­

n1poaaHHhIX HOpM Bbl6pocoB - aKTYaJlhHruJ 

3a,uaqa, Tpe6yiomaSI o6ocHOBaHIDI. B BM,Ue CMC­

TeMHhlX J,ICCJie,UOBaHHH. 

YIHTeHCHBHOCTh BbI6poca "51.,ua" v CJie.[{y-

eT orpaHHLIHTb JIH6o Ha rno6aJihHOM yp0BIIe 

G. ( ) < c· (limit) ( ) t,v _ l , v , (54) 

r.ue d 'IDlll) (t , v) - npe,ueJihH0 .uonycTHMhlH no­

TOK BhI6pocoB "51.,ua" v .UJISI BCeH :mepr0CHC­

TeMI>I (rno6aJihm,rn npe,uen), 111160 Ha JI0KaJih­

HOM ypoBHe 

r.ue G(l,m,t> (t ,w, v) - npe,ueJibH0 .uonycntMhIH 

n0T0K BbI6pocoB "51.,ua" v .UJISI. rrnoma.[{KH w 
(JIOKaJlbHblli npe,uen). 

OrpaHHL!eHIDI. BH,Ua (54), (55) MaTeMan1-

qecK11 y.uo6tto npe,ucTaBHTb B BH,ue orpam1"£Ie­

HHH "Ha CKJia,u", n0HHMrul ycJI0BH0CTh :noro 

npe,UCTaBJieHIDI.. ITycTb 3K0CHCTeMa npe,UCTaB­

JISl.eT co6oi1 MH0)l(ecrno cKna,noa xpattemrn 

"51.,noB". Ey,neM TaK)l(e c•rnTaTb, qro 3KOCHCTe­

MOH ,u;rn Ka)l(,lloro "51.,ua" v Bbl.lleJieH CBOH 

cKJia.n; c reKYlllHM 3anacoM G(t, v) 11 npe.n;eJib­

lfhIM o6oeMOM c <lumt) (t, v) . Tor.ua Bbipa)l(eHHe 

(54) .um1 HaKonJieHHSI. rno6aJihHOTO CKJia,ua 

" Sl.,lla" V , .n;onycTHM0f0 3KOCHCTeMOH, M0)KH0 

3an11caTb B BH.Ue 

dG(t ,v)/dt=G(t,v) , (56) 

O::; G(t, v) ::;c(limll) (t, v). (57) 

Bb1pa)l(ett11e (55) .UJISI. ttaKorrneHHSI. no­

KaJibH0ro (perHOHaJibHOro HJIH paifoHHOro) 

CKJia,ua " 51..n;a" v c reKYlllHM 3anacoM G(t,w,v) 
11 npe,neJibHbIM o6beMOM G(i,m,l) (t,w, v), .uony­

CTHMI,TMH JIOKa.JI.bHOH 3KOCHCTeMOH paiiotta, 

M0)l(H0 3anHCaTb TaK: 

dG(t,w, v)/dt =G(t,w, v), (58) 

0$G(t,w, v)$G<"m•tl (t ,w, v). (59) 

B 3T0M cnyqae TeKYlllHH 3anac "51.,ua" v 

Ha rno6aJ1I>HOM CKJia,ue paaeH CYMMe TeKYlllHX 

3anacoB 3T0f0 " 51.,ua" Ha JI0KaJibHblX (Ha Ka>K­

.llOH nnoma,uKe pa3Memett11S1.) cKJia,uax: 
n 

G(t,v)=LG(t,w,v) . (60) 
w=O 
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OTMeTHM, 'ITO C00THowemlJI (50) ... (60), 
yqHTbIBaJOll.{He BJIHSI.HHe Ha 3K0CHCTeMy Bbl-

6pocoB np0H3B0JlbH0ro " 51..n;a" V ' aepHbI H .llJISI. 

BCero CIIHCKa "51..n;oa" H3 MH0>KeCTBa v+ , T.e. 

o6pa3YJOT CHCTeMy COOTHOllleHHH. 

6. ,U:onycTHMhle YPOBHH 

pa.uHaU,HOHHOro B03,UeHCTBHH 

HopMaTHBhI .n;o□ycTHMbIX Bhl6:ROCOB a-H3-

JiyqaJOmHx aKTHH0H.U0B, 
85Kr, 1 9I c npe.n;­

npH_j!THH 5ITU: npe,UJI0)l(eHbI B 1975 r. B ClllA 
AreHTCTBOM no oxpatte 0KpY*a10meii cpe,ubI 

H c 51.HBap.si: 1983 r. Y3aK0HeHbl <!>e.uepaJibHbIM 

perncrpoM ClllA (40CFR190) [6, 7]. B cooT­

aeTCTBHH C 3THMH H0pMaTHBaMH 3all.{HTbl Ha­

ceJieHHSI. OT o6nyqeHHSI o6mee '-IHCJI0 nocTy­

IIaIOll.{HX B 0KpY*aIOll.{YlO cpe.uy pa;moaKTHB­

HbIX Bell.{eCTB B pacqeTe Ha 1 fBT·ro.n; npoH3-

BO.UHMOH 3JieKrp03HeprnH npH KI1YM = 1 
.D;OJI)l(H0 6bJTh He 60Jibille: 

1 85-107 
fac/(fBT·ro.u) HJIH 0,5 MKu/ 

(fBT·ro.u) - .UJISI a-H3JiyqaIOmHX aKTHH0H.ll0B, 

1,85-10 15 
6Kl(fBT·ro.n) - .UAA 85Kr, 

1,85-108 
EKl(fBT·ro.u) - .UAA 

1291. 
ITepBblli H0pManrn .n;eiicrnyeT CYAfMapHO 

no BCeM a-H3Jiyqa1ouurM aKTHH0H.D;aM, HMeIO­

lllHM rrepuo.u nonypacna.n;a 6onee 1 ro.ua. 

Ka)l(.llblli HX 3THX H0pMaTHB0B .uewcrnyeT CYM­

MapH0 no BCeM CTa,UIDIM nepepa60TKH 51.,Uep­

HOr0 T0IIJIHBa BITJ10Tb .uo 3axopoHeHHJl, a 

HMeHH0, Ha CTa,UHSI.X H3BJieqeHHSI. ypaHa 113 py­

.D;bl H ero o6orarn.eHHSI., H3r0T0BJieHHJl T0TIJIH­

Ba, o6nyqem!JI T0IIJIHBa B 3HepreTITTeCKHX pe­

aKTOpax, nepepa60TKH o6nyqeHHOro T0nJIHBa. 

TaKHe CTa.llMH T0TTJIHBH0r0 l.{HKJia, KaK .n;o6bit.Ja 

ypaHOBOH PY.Ubl H ee Tpattcnoprnp0BKa, TI0B­

T0pHoe MCilOJib30BaHHe HeypaH0BblX MaTep11a­

JI0B 11 rro601IHI:,IX np0.llYKTOB peaKl.{HH, 3axopo­

Hettue pa,UH0aKTHBHbIX 0TX0.ll0B, He r10na,uaIOT 

no.u ,ueiicrnHe YKa3aHHhIX HopManrnoa. 

BbillOJIHemre 3THX H0pMaTHBOB (orpaHH­

'-lemrii) B pacqernx y.uo6Ho CB_ji3bIBaTb c semr­

'-IHHaMH K03qlq)Hl.lHeHTOB y.uep)l(aHHSI C00TBeT-

CTBeHH0: a~~:i:.~) - .UJISI. a-H3JiyqaIOll.J.MX aKTH-

("Kr) 85 ("" 1) 129 
H0H.D;0B, a contam - .UAA Kr, a contam - .llJlSI I. 

HanpHMep, qJH3Hll:eCKHH CM_bICJI K03cpcpH­

l.lHeHTa a~~;:;,~) nerno noH.sITh, ecm1. npe,ucrn-



...... 

BHTb cne.uyiom11H npe,uenbHblH cny1-i:ai1 .. IlycTu 

OCHOBHajj ,uomr BbI6pocoa CX-H3JJ)"{a!Ollll1X aK­

THHOH,llOB CBjj3aHa co CTa,llHeH pa,llHOXHMH'-le­

CKOH rrepepa6oTKH. Tor.ua, ornpaanIDI Ha pa­

,llHOXHMH4ecKyio nepepa6oTKy M rpaMMOB 
239

Pu (npH4eM np11Meptto 16 rpaMMOB 239Pu 

COOTBeTCTBYIOT aKTHBHOCTH 3TOfO H30Tona, 

paBHOH [ Ku), pa,llHOaKTHBHOCTb Bem:14HHOH 

M (acumJ) /16 , 
Ucontem K10pH MO)KeT nonaCTb B OKpy-

:lKalOllly'lO cpe,uy, HarrpHMep, B BH,lle a3p030-

JJeH, KOTOpbie lie y,uaeTCjj no TeXHOJJOrHH 

TTOJJHOCTblO y,uep)KaTb 11 CBjj3aTb.. Ho 3TO 

KOJJH4eCTBO He ,llOJJ:lKHO npeBbICHTb ycTaHOB­

neHHblH HOpMaTHB 0,5 MKu/(fBT·ro,u). 

TaKHM o6pa30M, Ka)K,llbIH B OT,lleJibHOCTH 

K03q><p11u11eHT Bb16poca xapaKTep,nyeT 6e3o­

nacHbIH ypoBeHb TeXHOJJOrHH a o6pamemrn 

COOTBeTCTBeHHO C CX-H3JJ)''·IalOillHMH aKTHHOH-
85 129 

,n;aMl1, Kr, I. 
H.hrnewHHH ypoBeHb TexHononm pa,u110-

XHMW-1ecKOH nepepa60TI<H [8], IlO-BH.llHMOMY, 

06ecne411aaeT 3HaqeHHe K03<pq>HUHeHTa 

(l{ectm,d) paBHOe 10-B _ B [8] OTMe4aeTCJI 4TO B 
contain ' , 

npaKTHKe rrepepa60TKH H,llepHoro TOIIJJHBa Ha 

3aBo,ne W AK (fepMaHHJ1) eme .uo BhIBo,na ero 

113 3KCnnyarnuHH ,llOCTfilHYT ypoBeHb TeXHo­

JJOrHl1 o6ecne4HBalOmHH (l(actm,d) = 1 o-9 
' LL.I, cont.am · 

IlpH (l(actm,d) = 10-S ypOBeHb TeXHOJIOrJ,lH 
contain 

pa,UHOXHMl1'-leCKOH nepepa60TKl1 TaKOB, 4TO H3 

Ka)K,llbIX .ueCJITH MHJJJJ11ap,noB aTOMOB, H,llyYUHX 

Ha rrepepa60TKY CX-H3JJY'{alOmHx aKTHH011,UOB, 

TOJibKO CTO aTOMOB norra,uaJOT B aTMOCq>epy, 

IIpH Cl(actm,d) = 10-9 - JJ,eCHTb aTOMOB, a Ilp11 
conuun 

U(ectm,d) = 10-IO - OrTH.H aTOM 
contain I-Ai. • 

6.1. Bbt6pOCbl a-u3ny11a10~ux QKntUIIOU006 

B 0KpyJ1ca10uzy10 cpeoy 
Hy'KJJH,llbl IIJJy'TOHHJI Moryr rronaCTb B aT­

MOC<pepy B BH.lle a3p030Jlel-l Pu02 11JJH 

PuN01 BMecTe c raJOBbIMH Bb16pocaMH, a 

TaK)Ke OKa3aTbCH B BO,noeMax, nonaB Ty,ua 

BMecTe c )KH.llKHMH c6pocaMH. OcHOBHOH HH­

Tepec npe.ucTaBJJj{JOT cne.uywm11e HYKJJH.zn,1 

IlJiyroH1rn: mPu (nepHO.ll nonypacna,na 87,8 

JJeT), 239 Pu (neptto.u nonypacna,na 24 100 

JJeT), 240Pu (nepHO.ll nonypacna.ua 650 neT) 

241 Pu (nep110,n norrypacna.ua 14,4 JJeT), 242Pu 

(nep110.u nonypacna,na 3,9· 105 
neT). 

Hm160JJblli)'IO orraCHOCTb ,D;JJH 3,D;OpOBbJI 

npe,llCTaBJJHeT B,llbIXaHIIe TTJiy'TOHHjj, HaKaTIJJH­

BaJOmerocH B nerKHX .. KpoMe Toro, nnyroHHH 

MO)KeT norraCTb B oprar-rn3M rrpH ITOTpe6JJeHHH 

OBomei-i, MOJJOKa MHCa, pbI6bJ 11 TTHTbeBOH B0-

.llbl' npH 3TOM TIJly'TOHHH npe11MyrueCTBeHHO 

OTKJJa.zn,rnaeTCJI B KOCTHbIX TKaHJIX. 

0 .upyrnx pa.u11onor11qecKH cyruecrneH­

HbIX HYKJJH,Uax MO:lKHO CKa3aTb cne.uyiomee. B 

npouecce OCTeKJIOBbIBaHHH BbJCOKOaKTHBHbrx 

OTXO.llOB MO)KeT npOH30MTH )'Te4Ka JleTY'{HX 

OKCH.llOB pa,llHOHy'KJJH.llOB pyreHHH, TexHeU:11JI, 

cenetta, Tennypa, cypbMbI, a TaIOKe aKTHHOH­

.llOB, TaKHX KaK aMepHUHH 
241 Am (nepHO.ll no­

nypacna,ua 43,3 neT), 243 Am (nep110.u nony­

pacna,ua 7 380 JieT) H KIOpHH 242Cm (nep110.u 

nonypacrra.na 18, 1 JJeT). AKTHHOH.llhl MOfYT 

npOHHKH)'Tb B qeJJOBe'leCKHH opraH.H3M TeMH 

)Ke TT)'TJIMH, 4TO H TIJJ)'TOHHH' HX pa,nHOJIOrH­

qecKoe B03,D;eHCTBHe Ha 4eJJOBeKa npH6JIH3H­

TeJJhHO TaKOe )Ke, KaK y TTJJ)'TOHHj{ [6, 7] .. 
OrpaHH4eHH.e Ha Bb16pocbI CX-H3nyqaio­

lllHX aKTHHOH.llOB B OKpy')KaJOmyJO cpe,ny BBO­

.llH.TCJI B MO,lleJJb cne.nyJOlllHM o6pa30M. 

IloTOK G(t,ro,r s) HYKJJH.lla copTa s (Ha­

np11Mep, 239 Pu ) K MOMeHTY t BpeMeHH B TOn­

JJHBe, Bblrp)')KaeMoM 113 .5I3Y nma r , pacno­

JJO)KeHHbIX Ha TIJJOilla,llKe (I) pa3MemeHHJI, 

onpe.ueJJj{eTCjj Bbipa)KeHHeM ( 49). IlOTOK 

G(t,r,s) 3TOro )Ke HYKJJH.lla K MOMeHTy t B 

Tonmrne, Bhirp)')KaeMOM H3 .513Y T11na r , 

TTO,UC4HTaHHblli no BCeM nnoma.uKaM, .naeTCJI 

Bb1pa)Kett11eM ( 48), a noTOK G (1 s) 3Toro )Ke 

Hy'KJJH,lla K MOMeHTY t B TOilJJl1Be, Bbirpy')Kae­

MOM H3 acex .5I3Y Ha acex nnoma,nKax, onpe­

.uenHeTCJI Bbipa)KeHHeM ( 4 7). 
.D:nH a-113nyqa10mero aKTHH011.ua copTa 

sEStc"rud) y,neJJbHM aKTHBHOCTb ,\
4
(S) BbI-

4HCJJHeTCJI no cne.uywmeii cj)opMyne [9, 10]: 
,\

4
( )=NA1n2/(AT;12 ) =3,59· 105/(A7;12 ),Ku/r, (61) 

r.ne A - Macca MOJJj{ B rpaMMax; NA - 1II1c­

no ABora.upo, paBHOe 6,022· 1023 
MOJJh- l; 'Ii12 

- nep110.u rronypacna.na aKTHH011.ri.a, neT; 
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S(ac1m1d) = { I ' = 0 s(act1md) • 5 (actm1d) = 0 ecm,r 
+ ss' '+ , 

s = 0} 110,llMHO)KeCTBO aKTHHOH,llOB, 

np11Ha,llJJe)Kamee MHO)Kecrny S+ copTOB ::rnep-

s(ac,m,d) S 
reTH'-leCKOfO Cblph.sJ, T.e. + C + . 

OrpaHl-flieHHe, CB.Sl3aHJ-JOe C HOpMaTHBOM 

Ha BbI6pOCbl B OKpy)KaJOIU)'lO cpe,lly Bcex a-

113JJ)'1IaIOIUHX aKTHH0H,ll0B 113 CllHCKa S , HMe-

lOill,HX rrepHO,ll llOJJypacna,lla, 60JJbllHlli 0,llH0-

ro ro,lla, M0)KHO 3am1caTb B BH,lle 

(acumd) ~ {G(t s)A (s)·J06
} ~ 

a.contain L.J ' yn. 
.seS~""'"'•d) 

<H(acumd)Q' (t rER(nucl) ). (62) 
-norm!'+ 

3,lleCb a,(actm,d) - KO3thth11u11eHT, xapaKTepH-
contam '+' 'f' 

3)'10IUHH ypoBeH.h coBeprneHcTBa TexHononri1 

nepepa6oTKH .sJ,llepHoro TOllJIHBa B ~TU (npe­

)K,lle Bcero rrepe,lleJJa pa,llHOXHMH'IeCKOH nepe­

pa6oTKH 06.rryqeHHOrO .sJ,llepHOfO TOilJIHBa) B 

OTHOWeHHH y,llep)KaHIDI. a-H3Jly'11310IUHX aKTH­

HOH,ll0B H HX Henona,llaHH.sJ B OKp~alOll.()'10 
~ (acumd) 1 o-7 

cpe,lly (nOpH,llOK 3Hal-JeIDrn O.contam - OT ,llO 

10-10 10-11 )· ... H MeHbWe' 

H(acumd) = 1 85· 107 
:6Kf(fBT(3)·ro,ll) HJJli 

nonn ' 

O,5· 10-3 
Ku/(fBT(3)·ro,ll) - BepxHAA rpaHHUa 

,llOTIYCTHMOfO 3Haqemrn (HopMaTHB) Ha Bbl-

6poCbl B OKp~alOIU)'lO cpe,lly BCex a-H3Jly'11a­

IOIUHX aKTHHOH,llOB 113 CllHCKa S , HMeIOIUHX 

nep110,ll norrypacna,lla, 6orrhWHH O,llHoro ro)la; 

R (nucl) - IIO,llMHO)KeCTBO THIIOB .sI,llepHblX 
+ 

3Hepro6JIOKOB, KOTOpbie MOfyT BBO)lHTbC.sJ B 

3KCIIJiyaTaUHlO Ha IlJIOIUa)lKaX ro )lJI.ll YJlOB-

JieTBOpeHH.ll i BH)lOB cnpOCOB Ha 3Heprnio; 

R ~nucl) = { r I r = 0' R(nucl) ; R ~nucl) = 0' eCJIH 

r = 0}; R (nuc/) - 'IBCJIO HeITOBTOpHIOIUHXC.sJ TH­

Il0B .sJ)lepHbIX 3Hepro6noKOB. MHo)Kecrno R + 

BCex BO3MO)1(HhIX THTIOB :rnepro6JIOKOB BKJII0-

1.faeT TIO,llMHO)KeCTBO R ~nuci) , HH3l-Je fOBOp.ll, 

R ~nucl) C R + ' 

ITpaBa.sr lf3CTb COOTHOJileHH.ll (62) M0)KeT 

6hITh Bbip3)KeHa 6onee TOqHO c yqeT0M He 

TOJlhKO ycTaHOBJieHHOH MOIUHOCTH, HO H pe­

)KHMOB pa6oThI ~3Y. ITocKOJibKY o6'heM 

G(t ,s) (HanpHMep, B TOHHax) HYKJJH,lla s K 

M0MeHTY / B TOllJIHBe, Bblrp~aeMOM 113 Bcex 
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~3Y Ha Bcex llJI0IUa,llKax 3HeprocHCTeMhI, 

MO)KH0 BbllfHCJiliTb no cpopMyne 
I 

G(t,s)= J G(t',s)dt' , G(-00,s)=O, (63) 

TO Bbipa)KeHHe (62) npHMeT BH,ll 

(actmid) ~ {G(t s)A(s)· 106}~ 
a, contam L.J ' J ~ n. 

S(a.:11nwJ) 
SE .., 

<H(acurud) (t rER{nucl) ). 
- nonn q~ ' + (64) 

B [11 ... 13] noKa3aHo, •no orpaHw-1emrn 

(62) HJIH (64) OKa3bIBaIOT CRJibHOe BJIIDI.HHe Ha 

OllTHMaJibH0e pa3BHTHe .sI,llepHOH 3HepreTHKH 

(~3). flpH 3T0M OIITHMaJibHa.sr CTPYKTypa pa3-

BHTH.sJ ~3 CHJibHO 3aBHCHT OT ypoBH.sJ TeXHO­

JIOrHH acex CTa,llHH ~TU, B oco6eHHOCTH OT 

ypOBH.ll TeXHOJIOfHli Ha CTa,llHH pa,llHOXHMHl-Je­

CKOH nepepa60TKH o6JJy'11eHHoro .sI,llepHOro TO­

IIJIHBa, KOr,lla B OKpy)KaJOIU)'lO cpe)ly M0)KeT 

nonaCTb MaKCHMaJibHOe (B cpaBHeHHH C JlPY­

rHMH crn,llmrMH ~TU) KOJJ11qecrno a-H3JJyqa-

IOIUHX aKTHHOH,llOB. 

YcTaHOBJieHHbIH HOpMaTHB O,5· 10-3 
Ku/ 

(fBT(3)·ro)l) 3aIUHTbI HaCeJJeHH.sJ OT o6ny'11e-

{acumd) = 10-8 HJIH 10-9 0Ka3bIBaeT HH.sJ npH O.contam 

CHJibHOe smrnmre Ha OfITHMaJibHblH nJiaH pa3-

BHTH.ll ~3, BOBJieKa.sJ B pa6oTy s nepB)'lO Ol-Je­

pe)lb ~3Y, B TOTIJJHBe K0TOpbIX (3arpY3Ka, 

IlO,llIIHTKa, BbirpY3Ka) CYMMapHa.sJ a-aKTHB­

HOCTb Bcex CO,llep)Kall.(ID(C.sr aKTHHOH)lOB HaH­

MeHblllM. 

3HatJeHHe O.(actm,d) = 10-IO o6ecnetJHBaeT 
contain 

BbIIIOJIHemre HOpManrna O,5· 10-3 
Ku/(fBT(3) 

·fOJl) rrpaKTHl.feCKH C 60JlhlllHM 3anacoM, TaK 

'-ITO HMeeTC.ll B03MO)KHOCTb BOBJiel-Jb B pa,llHO­

XHMH'IeCK)'lO nepepa6oTKY HaH6onee paJlHO­

aKTHBHOe T0TIJIHBO, Hanp11Mep, npoeKTHpye­

MOe T0TIJIHBO )lJI,SJ ~3Y c 6bICTPbIM11 peaKTO­

paMH 6PECT [4, 14, 15]. 
)],pyrHMH CJI0BaMH, ~3Y' K0TOp)'lO 3Hep­

fOCHCTeMa OTBeprna KaK HeOIITHMaJibH)'lO npH 

a,(acumd) = 1 Q-8 MO)KeT OKa3aTbC.ll OTITHMaJihHOH 
contam ' 

rrpH a,(actm,d) = 10-9 HJIH 10-10. TaKHM o6pa30M, 
contain 

.LlOCTH)KeHH.sJ B pa3pa60TKe H0BbIX TeXHOJIOfMH 

pa,llHOXHMHl-JeCKOH nepepa6onrn 11 .npyrHX 

CTa)lHH 5ITI.J., o6ecnetJHBaIOIUHe yposeHb 

a.(actmod) = } 0-10 Morvr nepeBeCTH B pa3p.sJJl on-
contain ' J _.._ 

THMa.JlbHblX ~3Y C BbICOKOTOKCH'IHbIM .sI,llep­

HbIM TOilJIHBOM. MMeHHO Ha pa6oTy c HHM Ha-



► 

npaBJJeHbl B 1-laCTOfilUee speM.si: HCCJJe.ll,OBamrn 

B o6JJaCTH TPaHCMyraUHOHHblX 5ITU,. 

6.2. Bb16pOCbl 
85Kr 6 OKpyJtCQIOU(JJIO cpeoy 

KpHnTOH-85 .HBJJ.si:eTC.si: npO.ll,YJ<TOM .ll,eJJe­

HJ-rn c nepHO)lOM nonypacna)la 10,7 neT. Iloc­

JJe pa36aBJJemrn OH BhmycKaeTC.sl H3 ycTaHO­

BOK TOTTJJHBHOrO UHKJJa Henocpe)lCTBeHHO B 

aTMOCq>epy. I1pH6JJH3HTeJJbHO 99,6 % .sl.ll,ep 
85 Kr pacna.ll,aIOTc.si c HcnycKaHHeM TOJJbKO B­

H3J1y1-reH11.si C MaKCHMaJlbllOH 3Heprnew 0,67 
M3B H Bcero 0,4 % .si)lep c HcrrycKamteM B­
H3JJyqemrn C MaKCHMaJlbHOM 3Heprnei,i 0, 16 
M3B H conyrcTB)'lOlllHM y-113nyqeHHeM c 

3Heprne11 0,51 M3B. 

KottueHTPau1,rn co,uep)Kameroc.si B aTMoc­

cpepe 85Kr He MO)KeT 6bITb YMeHbWeHa 33 C'leT 

oca)l{)lem,rn HJJH BblMbIBaHH.sl: 85Kr npaKTH'leC­

KH HepaCTBOpHM B BO)le. Pa.ll,HOJJOfHlfeCKOe 

B03,lleHCTBHe 85Kr Ha qeJJoBeKa npOHCXO)lHT 

rnaBHbIM o6pa30M 3a C'IeT o6nyqeHH.sl: KO)KHO­

ro IlOKpoBa. 8)lbIXaHHe 85Kr HrpaeT MeHblliyro 

pOJJb. HaKOITJJeHHe 85 Kr B aTMoccpepe npe)lC­

TaBJJ.sleT TaK)Ke noTeHUHaJlbH)'lO orraCHOCTb 

cyruecrneHHOro H3MeHeHH.si 3JJeKTPOnpOBO)l­

HOCTH 803,uyxa, 'ITO MO)KeT np11secni: K rJI0-

6anbHbIM 3KOJ10rH'leCKl1M nocJJe)lCTBH.sl:M [ 6, 
7]. 

J,fa ( 61) )lJUI S = 85 Kr fl OJlytf HM 

'\4 (
85 Kr) = 3,59·105/(A7;12 ) = 

= 3,59 -105/(85· 10, 7) = 394, 72, Ku/r. (65) 

Ila aHaJIOrHH c (62) H (64) orpaHH'leHH.sl, 

CB.sl3aHHbJe C BbI6pocaMH 85 Kr B OKp~aIOll.l)'lO 

cpe.uy, MO)KHO 3anHCaTb TaK: 

(" r-:.r) • 
a.contain {G(t, 

85
Kr )·394,72 · 10

6
} $ 

$Ht:r) Qr (t,rER:"ucll ), (66) 

{" "-r) ( 85 ) 6 
0.00018,n{G I , Kr ·394,72 · 10 } $ 

$ H~;r) qr (t , rE R:nucl) ). (67) 

(" Kr) 
3)leCb O.contatn - K03<pq>HUHeHT, xapaKTepH-

3YIOW:11H ypoBeHb coBepweHCTBa TeXHOJJOrHH 

nepepa6oTKH .si)lepHoro TOnJJHBa B 51TU, (npe­

)f()le Bcero nepe.uena pa.llHOXHMHYeCKOH nepe-

pa60TKl1 o6nyqeuHoro .si.ll,epttoro Tonn11Ba) s 

OTHOWeHHH y.ll,ep)KaHH.si 85Kr 11 era Henorra,ua-

1111..si: B 0Kp~a1-0m)'l0 cpe.lly (rrop.si.ll,OK 3Hal.!e-

( " K ) I HHH Cl r < 10- 6) · 
contam , 

('' Kr) H norm - HOpManrn (BepXH.si..si: rpaHHUa JlO-

nycrnMoro 3HaqeHH.si) Ha Bb16pocbI B OKp~a­

IOW:)'lO cpeny 
85Kr , paBHbIH l ,85· 1015 

6Kl(fBT 

(3)·ron) HJJH 0,5· 105 
Ku/ (fBT(3)-ro.ll,). 

Me)K)ly G(t, 85Kr) H G(t, 85Kr) cyuiecT­

ByeT CB.sl:3b B BH)le (63). 
Yt.JeT orpaHHtJemrn B BH)le (66), a TaIOKe 

(67), BblTIOJIHeH B [13] Hap.si:.uy c orpaHHt.JeHH.sl:­

MH Ha BbI6pochI a-,nnyqaIO[UHX aKTHHOH,UOB 
129 

H I. TaM )Ke noKaJaHo, '-ITO wHpoKOMacw-

Ta6Hoe pa3B11nt:e 513 TPe6yeT ypOBIDI TeXHO­

norHH 5ITU,, o6ecrreqHBaiomero 3Hat.JeHHe 
(" r-:.r) _ -1 7 

0.
00111310 

- 10 11 MeHbille. 

6.3. Bb16pOCbl 
129 1 6 OKpyJICQIOU(JJIO cpeOy 

Ha 3aBo)lax no nepepa6oTKe .sinepHoro To­

nn11Ba B~HbIM pa,llHOHYKJJH)lOM CJJ~HT 
1291 C 

nep110.uoM nonypacna)la 1,7· 107 
JJeT. Pa.[{Ho­

HYJ<JJl1)lbT HO)la, BbI6paCbIBaeMbie B aTMOccpepy 

H3 peaKTOpOB, qacTH'IHO Haxo,u..si:TC.sl B 3JleMeH­

TapHOH cpopMe, a t.JaCTH'IHO B BH)le opraH11qec­

KHX coe.uHHeHHH (MeTHJIHO)lH)lbI). Ha rrepepa-

6aTbJBaIOW:HX 3aBo.uax yreYKa pa.ll,HOHYJ<IDl.ll,OB 

HO)la npOHCXO.ll,HT npH yre'IKe BO3)lyxa. Co­

.ll,ep)Ka[UHHC.sl B aTMOCq>epe HO)l OCa)l()laeTc.si: Ha 

OBow:ax H TP8B.si:HOM IlOKpOBe. 

Ecn11 pa.u11oaKTHBHbIH HO)l, co.ll,ep)KaIUHH­

c.si B c6paCbIBaeMbIX Ha .si:.ll,epHbIX rrpe.l1,rrpm1-

THHX )KJ1)lKOCT.s!X, rrorra.uaeT B peKH, 03epa H 

T.n., TO 3TO MO)KeT npHBeCTH K HaKonneHHIO 

HOJJ,a B pb16e HJJH pacTemurx. I1yr11 npOHHKHO­

seHH.sl: B opraHH3M 1.JeJJOBeKa pa.ll,H08KTHBHOro 

HO)la pa3JIHYHbI: BMeCTe C B.l),J:,JX.aeMhIM B03)ly­

XOM, npH noTPe611emrn OBOll.leH, pb16bI HJJH 

MOJJOKa. IlornomeHHbrii qenoBeKoM HO.ll KOH­

ueHTPHpyeTc.si: B OCHOBHOM B 111.HTOBHJJ,HOH )Ke­

Jie3e. Pa.u11oaKTHBHbie HyKJJH)lhJ HO.Ila Hcnyc­

K8IOT KaK B-, TaK 11 y-H3nyqeHH..si: L6]. 
¥13 (61) JJ,JJH S = 129

] IlOJI)"IHM 

AYA('29 I) = 3, 59 · 105/(AI;,2 ) = 
= 3,59 · 105/(129 · 1, 7 · I 07

) = 0, 164· 10-3
, Ku/r. (68) 

no aHaJIOrHH c (62) H (64) orpaHHt.JeHH..si:, cs.si:-
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3aHHbie C BbI6pocaMH 
129 I B OKp)')KaIOll.lYJO 

cpe.ny, MO)l(HO 3arrncaTh TaK: 

('""1) . ( ) a con,am{G t , 129 1 · 0 , 164-101} :S 

< H("'1) Q· (t E R (nucl) ) 
- norm l: , r + ' (69) 

('"1) {G( 1n ) 6 01} < a comam I , I · 0, I 4 · I _ 

$ H ~~) qE (t ,rE R ~nucl) ) . (70) 

('" i) 
3.necb Ucontam - K03<pqHfl.U1eHT, xapaKTepH-

3YfOIIJ,HH ypoBeHb coseprueHCTBa TeXHOJTOTHH 
rrepepa6oTKH .11.nepHoro TOITJIHBa s .5IT.Q (rrpe­
)K)le scero rrepe.nena pa.nHOXHMH'-!eCKOH rrepe­
pa6oTKH o6nyqeHHOro .11.nepHoro TOITJTHBa) B 

OTHOWeHHH y.nep»<aHIUI 129 l 1-i ero Herrona,lla­

HH.!1 B OKp)')KaIOIIJ,YfO cpeny (nopH.[(OK 3HatJe-
("' I) 8 HHH a < 10· )· 
contain ' 

Ht~) _ HOpMaTHB (BepxIDUI .norrycTHMa.H 

rpaHHUa 3Ha'lemt:H) Ha BhI6poCbI B OKp)')KafO­

lllYIO cpe.IJ.y 129 1 , paBHbIH 1,85· 108 oK!(fBT(3 )· 

ro.n) HJTH 0,5· 10·2 Ku/(fBT(3)·ro.n). 

Me)KJJ.Y G(t, 1291) H 6(1, 1291) cymecTByeT 

CB.H3b B BH,Zle (63). 
YtJeT orpaHH'leHH.H B BH,[(e (69), a TaIOKe 

(70), BbillOJTHeH B [13] Hap.HJJ.Y c orpaHHtJeHIDI­

MH Ha BhI6poCbI a-H3JTY'-IafOIIJ,HX aKTHHOH]],0B 
H 85Kr. TaM )Ke IIOKa3aHO, tJTO WHpOKOMacrn­
Ta6Hoe pa3BHTHe .5!3 TPe6yeT ypOBH.!I TeXHO­
JTOrHH .5ITI.t 06ecrre'IHBa10mero 3Hal!eH11e 

('"I) _ -9 
a contam - 10 11 MeHhWe. 

7. OrpaHH'leHHH 

Ha M3lllHH0CTp0HTeJibHYIO np0JJ.YKUHIO 

lfaroToBneHHe YHHKanbHOro H CJTO)KHOro 
o6opynoBaHHR rrpe)K,ll;e Bcero RJJ.eptthrx :rneKT­
pocTaHUHH, KaKOBbIM RBJl.SlfOTC.!I, HarrpHMep, 
Kopnyca H]],epHbIX peaKTOpOB, Typ6oarperaTbl, 
rraporeHepaTopbT, MO)KeT cepbe3HO c.nep)l(H­
saTh BBOJJ. B )KCnnyaTaUHfO 3Hepro6JTOKOB. B 
1970-e ron h1 B CCCP 6onhrnoe )KeJTaHHe BhI­
pa6aTbIBaTh 6onhwe JneKTp03HeprnH no6yAH­
no npaBHTeJThCTBO K CTPmnenbCTBY HapHAY c 
rHApO- H TeIIJTOBblMH 3JTeKTpOCTaHUHH_MH eme 
H R]],epHbIX 3Hepro6JTOKOB. 

K TOMY BpeMemI xoporno 3apeK0MeHJJ.OBa­
swa.11 ce6.11 )HeproTeXHOJTOfH.!I c KOpnycHhIMJ,f 
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BB3P He Morna y.nosneTBopHTh cnpoc Ha BhI­
pa6aTbmaeMyIO 3JieKTp03Heprmo H3-3a He­
xBaTKH MaWHHOCTPOHTeJlbHblX MOIUHOCTeH no 

H3rOTOBJTeHHfO KOpnycoB H_JJ.epHbIX peaKTOpOB. 

3TOT HeAOCTaTO'l:HhlH cnpoc TIOKpbIJTC.!I CTPOH­
TeJTbCTBOM 3Hepro6noKOB PoMK C KaHanbHbI­
MH Jl]],epHbIMH peaKTOpaMH. 

11ycTb u ~nuclmach) = {ulu = o,u(nuclmach) ; 

U (nuclmach) 0 O} 
+ = ' ecnH u = - TIO]],MHO)KeCTBO 

HaHMeHosaHHH Maru1rnocTPOHTeJ1bHOH npo­
JJ.YKUHH, CBR3aHHOe C rrpOH3BO]],CTBOM 3HeprHH 

Ha RAeptthIX 3Hepro6noKax H np,rnaAJie)Ka­
mee MHO)KeCTBY U + HaHMeHoBaIDIH orpaHH-

tJeHHhIX pecypcos, CB.Sl3aHHOMY C npOH3BO]],CT­

BOM 3HeprHH, T.e. U ~nuclmach) CU+ . 

110AMHO)KeCTBY u ~uclmac
h
) HaHMeHOBaHHH 

MallJI1HOCTpOHTeJibHOH npOAYKUHH CTaBRTCR B 

COOTBeTCTBHe IlO]],MHO)KeCTBa H ~uclmach) Bepx-

HHX H H ~nucl mach) Hl-f)KHHX rpamm H3MeHeHH.H 

3TOH rrpOJJ.YKUHH, TaKHe, 1:ITO H ~nuclmach) = 
={ H (nucl mach).(11)(t)lu = o,u(nuclmach ) > LE (-oo,T); 
H (nuclmach) = 0 ecJTH u = O} 11 H(nuclmach) = 

+ , -

= { h (nuclmach).(11)(,) lu = 0' u (nuclmach) ' tE (- 00 ,T); 

H ~miclmach) = 0 , eCJIH u = O}. 11pH 3TOM 

H (nuclmach) CH H H (nuclmach) CH . 
+ + - -

EcJIH HaHMeHOBaIDIIO u = 1 COOTBeTCTByeT 
orpaHH1:1eHHhIH pecypc IlOCTaBKH KoprrycoB 
.!!AepHbIX peaKTOpOB H H3BeCTHbl <pYHKUIDI 

H (nuclmach).(l)(t) H h (m><l-h){I) (t), B KOTOpbIX KOJIH-

'leCTBO KopnycoB nepeBeAeHo, HanpHMep, B 
rHraBaTTbl ycTaHOBJTeHHOH MOIUHOCTH, TO or­
paHH'leHHe Ha BBOA MOll.lHOCTeH .5I3Y c KOp­
rryCHbIMH peaKTopaMH MO)KHO 3aIIHCaTb B 
BH)],e 

h 1""''""'•)CI) (t) $ Qr, (t , r E R ~n11ci) ) $ H (nucl mach).(l)(t) . 

AHanOfH'IHbie COOTHOllleHHH MO)l(HQ Ha­
IIHCaTb AJ151 Typ6oarperaToB, naporeHepa­
Topos H T.JJ.. 

8. Orpauu'leHHH, Y'IHTbrnaromue ym;ep6 

OT 3B3pHH, CBH33HHblX 

C np0H3B0JJ.CTB0M )HeprHH 

TiycTb y+ - MHO)KeCTBO B11]],0B aBapHH, 

CB513aHHOe C npOH3B0)],CTBOM 3HeprHH, TaKoe, 



'!TO Y+ = {y[y = 0 ,Y ; Y+ = 0 , ec.rrn y = O}, 

a y (nucl) = {yl" = Q y (nucl) . y (nucl) = 0 eCJIH y = 
+ V' ' ' + ' 

= O} - no,nMHO)f{eCTBO BH.UOB asap11ti:, CBj{3aH­

uoe C npOH3BO.UCTBOM 3HeprHH Ha H,UepHbIX 

3ttepro6noKax H npHHa,uJie)Kamee MHO)f{ecTBy 

Y Y{nucl) y 
+ , T.e. + C + . 

IlyCTb TaJOKe P(y, n; (ro,r)) - sepO.S!.T­

HOCTb asapHH BM)la y .UJIH OT,UeJlbHOro 

3ttepro6JIOKa npOH3BOJlbHOrO THna r C KMeHeM 

n
1 

( ro,r) , BBe,uettHoro s 3KCnJiyaTa:umo Ha 

IIpOH380JlbHOH IlJlOll.(a,llKe (I) pa:3Mememrn Ha 

HHTepsa:Jie (-oo, T) speMeHH B MOMeHT 

t/ro,r). HanpHMep, .UJUI 513Y c BB3P-1000 

aBapH.S!. C IlOJIHOH noTepeti: TeilJIOHOCHTemr MO­

)f{eT COCTaBlliITb Bemfl-IHHY 10-6 (peaKTop­

ro.ur1 [ 16). ECJIH BBO.U H pa6oTy 3Hepro6JIOKa 

OTO)K}J,eCTBJUITb C 880.UOM H pa6oTOH MOll.(HOC­

TH, TO pa:3MepHOCTb sepOHTROCTH aBapHH 

MO)KHO Bblpa:3HTb B (rBT·ro.ur
1 

Hilll, 

HanpHMep (KBT·qacr'. 

qHCJIO w(y, n
1

(ro,r)) asap11:ti: s11.uay .um1 

OT.[leJlbHOro 3Hepro6JIOKa C HMetteM nj ( ffi, r) B 

TeqeHHe scero nJiaHosoro HHTepsa:Jia pastto 

w(y, n
1

(ro,r))= 
r 

= f P(y,n
1 

(ro,r))q(t n
1 

(ro r) ,T1 (ro,r))dt, 
1,(00,r) 

a q}ICJIO W ( n
1 

( ro, r)) Bcex B03MO)KHbIX asa­

pH:ti: .UJIH 3TOro 3Hepro6JIOKa 6y.ueT 
y 

w(n
1 

(ro,r))= I,w(y,n
1 

(ro,r)) . 
y=O 

qHcno W(y) aBapHu s11.ua y .UJUI scex 

3Hepro6JIOKOB 3HeprOCHCTeMbI B Te':IeHHe BCe­

ro nJiaHoBor o HHTepBa:Jia pa:stto 

W(y) =ff .1t > N,f~(y,n/w ,r)) , 
y 

a q}ICJIO aBapHH scex BH.UOB W = L w(y) . 
y=O 

9. Ilepe.11.aqa :mepruH 

Ilepe.ua":Ia 3Heprnn norpe611Tem1M ocyme­

CTBJIHeTCH no JIHHHj{M nepe.ua'-m 3JleKrpH'ie CT­

Ba (JIHHHH 3 JieKTponepe,ua'iH) H TenJia (n HHirn 

TenJionepe]],a'-IH HJJH Tennocua6)KeIDUI). )],llil 
C)'MMapHOH YCTaHOBJleHHOH K MOMeHTY t 

MOll.(HOCTH Q~transm,s) (t) scex .IIBHHH nepe,lla'IH 

3HeprocHCTeMhI }J,OJl)KHbl BhlIIOJIIDITbCH COOT­

HOIIIeHH.SI. 

Qitransm,s)(t) = ! Q~transrms.~)(/) , 
~=0 

<i itransm,s)(t) = !c;r3llSmlS,~)(t) • 
~=O 

)],JijJ BCex JIHHHH nepe]],aq11 BH}J,a S -
Q~transm1s.~)(t) ~ q~ronsmtS,~)(t) ~ O . 

EcJIH \Jf(s) - HMji (HOMep) JlHHllli rrepe]],a'IH 

BH,lla ~ ' np11qeM \Jf(S) = 0, 'I'(S), TO 

d "'(~l 
-Q(tr•="'•-~>(,)= I. Q(transm,s)(i)o(,-, ) 
dt r ljl(~)=o ,(~) ljl(~) ' 

'I'{~) 
q~transrms.~)(t) = L q~WmLS)(t), 

'1'(~)=0 

Q~';)m,s)(t) ~ cj ~mus)(t) ~ 0. 

QqeBH.UHO, '-ITO B mo6oi-l MOMeHT speMeHH 

CyMMapHa:H TeKymaR Bblpa6aTbIBaeMa.SI. :mep-

rocHCTeMOH MOll.lHOCTb 4r. (t) }J,OJI)KHa 

rrepe]],aBaTbC.SI. rrorpe6HTeJlj{M no BCeM JJHHHHM 

nepe.uat.JH H paBHj{TbCH CyMMapH0MY crrpocy 

q(~emand)(t) co CTOpOHbl IIOTpe6HTeJieu, T.e. 

.UOJI)f{HO BbIIIOJIHITTbC.SI. paseHCTBO 

qr (t) = qi'ransm,s)(t) = q(;emand)(t) . 

EcrrH )IJJH BH)la i Bbipa6aTbIBaeMOH 3Hep­

rHH HMeIOTC.SI. CB0H JIHHHH nepe.ua'IH BH,lla l; ' 
TO ,llOJI)KHbl BblilOJIIDITbCH 6a:JiaHCbI 

· (t •) _ · {transm1s)(t) - • {demand)(/ ·) qr. , I -qr. - q r. , I • 

laKJIJO"lenue 

OnncaHHaH c11cTeMa orpaHHqeHHi-i MaTe­

MaTH'-leCKOH MO,UeJIH OI1THMH38:UHH 3HeprocH­

CTeMhl ,llJlH BBO,lla 3 Hepro6JIOKOB rropo)K,llaeT 

MHO)KeCTBO }J,OrryCTHMblX □rraHOB, cpe]],H KOT0-

pbIX H~O BbI6paTb O}J,HH, Jiy-qIIIHH no HeKo­

rnpoMy KpHTepmo. TaKHM KpHTepHeM MO)KeT 

6hITb MaKCHM)'M CyMMapHOH npHBe,neHH0H 

npH6hinH Ha SCIO nporpaMMy pa:3BHTH.SI. :rnep-
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rocHcTeMhI [ 17]. Ecnn )Ke BO acex cpaamrnae­

MhIX rrnaHax aapwaHTOB pa.3BHTHH :meprocnc­

TeMbl TIOJlh3a OT pa60Tbl :meproCHCTeMbl O)],H­

RaKOBa, TO MaKCHMH3aUHH C)'MMapHOM npHBe­

JJ,eHHOM npH6bJJJH 3KBHBaJJeHTHa MHHHMH3a­

UHH C)'MMapHbIX npHBe,ueHHbIX 3aTpaT Ha BCIO 

rrporpaMMy pa.3BHTI151. :rneproCHCTeMbT. 

I1p11ae,ueHH)'lO CHCTeMy orpaHH'-IeHHH 

ttenr,351. CLJHTaTh oKoHqaTeJJhHOH. Pa6orn 1-rn.n 

HeH npO,D,OJJ)KaeTC51. H ee BO3MO)KHOCTH paCIJJH­

pHI-OTCH. B TaKOM BH,Ue, KaK OHa npHBe,LJ,eHa 

3,LJ,eCb, CHCTeMa orpaHHqeHHH pean1noBaHa 

KaK COCTaBHa.H '-laCTb HailHCaHHoro Ha <DopT­

paHe KOMTihI-OTepHoro KOMnneKca OilTHMJ13a­

UHOHHhJX nporpaMM TOBAS [18], npe,D,Ha.3Ha­

qettttoro ,Ll,JJH O11THMIBaUHl1 MHOroHepapxH­

qeCKHX MHOroMepHhJX crpy1<Typ 60JJhIIJOH 

CJJO)KHOCTH. C ITOMOIUbl-0 3TOro KOMTIJJeKca 

y,LJ,aeTCH pewaTb OITTHMH3aUHOHHbie Ja,LJ,aq11 

OTTTHMaJJbHOH crpyKTypbl 5!3 a KOmcypeHUHH 

c HeH.nepHI,IMH 3HeproycTaHOBKaMH [5, 12, 
13]. 
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YJJ:K 621.039.5 
<l>yHKU.HOll3Jl )J.JlH BBO,lJ.a 311epro6J10KOB B 3KCDJlyaTaUHIO 

B MO,lJ.eJlH ODTHMH33UHH pa3BHTHH 3HeprOCHCTel\lbl H aJ1rOpHTM ODTHMH33U.HH 

A.B. Kmu1e11Ko, 
Hl15IY "MH<l>l1", 115409, MocKsa, KaunrpcKoe ruocce, 31 

fiocTymrna s pe,uaKllHIO 13.04.2010 r. 

,[(aHO cj>opMyJlbHOe npeJJ.CTaBJleHHe cj>yHKUHOHa.Jla ,nm1 BBOJJ,a ) Hepro6JJOKOB 8 3KCn.ll)'aTaUHfO 8 MO,ll,eJlH 
onTHMH3aUHH pa3B11THH :meprOCHCTeMbl. On11caH a.JlrOpHTM OnTHMH3aUHH JJ,JlH 3TOH M0,1J,eJ111, pea.JlH30BaHHblH 

s KOMnblOTepHoM Kone TOBAS. C noMOW.blO KaTeropnH onTHMH3aUHH (np11se,ueHHhie np116btnh, BhI­

pyqKa, 3aTpaTbI) ,UaHO MaTeMaT11qecKoe 0ITHCaHHe ueHbl 3HeprnH ,UJUI 0ilTHMaJibH0ro nJiaHa. 

K 1110'le6ble CJ/O<Ja: cj>yHKUHOHa.Jl onTHMH3au1111, MOJJ,eJlb OnTHMH3au1111, anropHTM onTHMH3aUHH, 3Hepro­

CHCTeMa, 3Hepro6JJOKH, KOHKypeHTocnoco6HOCTb, np11sene11HaJ1 np116blJ1b, np11seneHHaJ1 BblPYYKa, np11seneH­
Hble 3aTpaTbl, ueHbl onTHMaJlbHOro nnaHa. 

Functional for Putting the Units into Operation in Model of Optimization of Power System 
Development and Algorithm of Optimization. A. V. Klime11ko, National Research Nuclear University 
"MEPhl", 31, Kashirskoe Sh., Moscow, 115./09. 

It is given the mathematical representation of functional for putting the units into operation in model of 
optimization of power system development. The algorithm of optimization for this model realized in a 
computer code TO BAS is described. The mathematical description of the price of energy for the optimum plan 
is given using the categories of optimization (the total discounted profit, the total discounted income, the total 
discounted costs). 

Key Words: Functional of Optimization, Model of Optimization, Algorithm of Optimization, Power Sys­
tem, Units, Competitiveness, Discounted Profit, Discounted Income, Discounted Costs, Price of the Optimum 
Plan. 

3Ta CTaTb51. 51.BJIJl:eTCJI. 3aKmoq11TeJ1bHOH B 

UHKJle "MaTeMan1qecKaJ1. M0,UeJib OTTTHMH3a­

UHH 3Hepr0CHCTeMbl H ee npHJIO)KeHH51.", coc­

T051.UleM 113 t.J:eThipex CTaTeH, ny6JIHKyeMblX B 

)KypHane "BAHT. Cep. <l>H3HKa 51.,uepHhIX pe­

aKTopos". 

BBeJJ.enue 

B CoseTCKOM Co103e cymecrnosana BhI­

C0KM KYJJbTypa MaTeMaTHt.J:eCK0ro M0,UeJIHpo­

BaHHJI. H KOMilbIOTepHOH pean113au1,n1 CJI0)K­

HbIX Mo,ueneu '.)HepreTH'!ecKoro X0351.HCTBa. 

HMeJJOCb H coseprneHCTB0BaJI0Ch 60JihllIOe 

K0JIH'leCTB0 MaTeMaT11qecKHX MO,UeJieH, son­

JI0W,eHHhIX B K0MTThlOTepHb!e KOMnJieKChl (Ko-

1ll>I) ,llJij! "6oJiblllHX" K0MilbJOTepos nma CHC­

TeMbl BHPTYaJibHbIX MalllHH IBM-370. 

fiepeso,u KOMilblOTepHbIX KO,U0B Ha nepco­

HaJibHhre KOMilhJOTepbl cosnan no speMeHH C 

pacna,uoM CCCP, noTepeH ynpasnJ1.eM0CTH' s 

CTpaHe, cpaKTHl.JeCKHM npeKpameHHeM (pHHaH­

CHposam,rn HayqHhIX H'CCJJe,UOBaHHH H, KaK 

CJie,llCTBHe, IlOTepeH 60JibWeH 'laCTH K0MIThlO­

TepRblX K0,ll0B. 

B HaCT0JI.Ulee speM51. 60JihIIIHHCTBO Hayq­

HhIX opraHH3aUHH Il0Jih3YlQTC51. 3apy6e)l(HblMH 

K0MilhlOTepHblMH K0,llaMH (s OCH0BR0M pa3pa-

60TKaMH ClllA H 3arra,llHOH Esponb1). 3TH 

nporpaMMHble K0MITJieKChl H HX MaTeMaTH'-IeC­

KHe M0,UeJIH yno6Hbl B o6pameHHH ,UJIJI. p51.,ll0-

soro IlOJih30BaTem1, HO HMeJOT orpaHH'leHHhie 

803M0)KH0CTH rrpH perueHHH CJI0)KHhlX Bblp0-

)1(,lleHHhlX onTHMH3aUH0HHhIX 3a,llaq 60JihIIIOH 

pa3MepH0CTH. 

Me)l(Jly TeM HAeH MaTeMaTH'!eCKHX MOAe­

ndi: ,Ull51. onTHMH3au1,rn CJI0)KHhIX CHCTeM, Ta­

KHX KaK Hap0AHOe X0351.HCTBO (HJIH 3HepreTH­

Ka) 60JibWOH CTpaHbl HJIH 061,eAHHeHHJI. CTJ)aH 

C HX BHernHHMH CB.51.351.MH, ccpopMyJIHpOBaH­

Hbie B 1980-x ronax 5!.B. llieseneBhIM (PHI{ 

"Kyp4aToscKHH HHCTHTYT") s npoeKTe OPH11 

(0nTHMH3aUHH Pa3BHTJ.UI. 51.AepHOH 3HepreTH­

KH s ycJI0BHHX HenOJIHOTbl 11HcpOpMHpOBaH­

HOCTH) [I], HeCYT s ce6e YHHBepCaJihH0CTh 

n0CTp0eHHJI. M0,UeneH H K0MTihlOTepHI,IX npor-
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paMM OITTHMH3aI{HH CJJQ)KHblX CHCTeM, Hepea­

J1H30BaHH)'l-O ,Ua)l(e Ha cero.URfill.lHHH neHb. 

HeKoTOpbie u,ueH 5I.B. llleBeneBa ynanocb 

BOTIJJOTHTb B MaTeMaTWieCKOH MO.UeJJH OIITH­

MH3aI{HH 3Heproc11cTeMb1 B paMKax Ko.ua TO­
BAS [2], B KOTOpOM peanH30BaHo y.no6crno 

HCCJJe,UOBaTeJJbCKOH ycTaHOBKH: mo6oe rromr­

THe MO)leJIB MO)KHO H3MepHTI, KOJJlflleCTBeH­

HO, rrpeBpanrn ero B nepeMeHHyro BO BpeMemi: 

BeJJWUrny HJIH 3a<:pHKCHpOBaB ero KaK IlOCTO­

HHHyr-0 BeJJHqmry. flo.uo6H~ OITTHMH3ffUHOH­

H~ MO,UeJJb .umr OilHCaHIDI pa3BHTIDI CHCTeMbl 

KpynHbIX rrpOH3B0,UCTB - TeXHOJJOfHqecKHX 

MOHorroJJHH c ueJJbIO orrpe.ueJJemur uem1 opy­

)KeifHoro ypaHa orry6mrnoBaHa B [3]. B rro­

cJJe.UHHe fO.!lhl pecypc1,1 KOMITbI-OTepoB Bblpoc­

JJH HaCTOJJbKO, qTQ TT03B0JlffiOT rrpHMeHHTb 

H.UeH 3TOH OilTHMH3aUHOHHOH MO,uemi: K CHC­

TeMe MeJJKHX H KpyITHbIX npe.unpilll.THH - K 

3HeproCHCTeMe. 

Mo.nenb OlITHMH3aUHii pa3BHTHH 3Hepro­

CHCTeMbl .UJJH BBO.Ua 3Hepro6JJOKOB B 3Kcrr.rrya­

TaUHIO BKJIJOqaeT CHCTeMy orpaHHqemlH, OlIH­

caHHyr-0 B [ 4], H <:pyttKilHOHaJI, IlO.UJJe)l(arrnrn 

OITTHMH3aUHM Ha MHO)l(eCTBe .uorrycTHMhIX 

IIJJaHOB, T.e. rrnaHOB, He Hapyma10mHX IDI o.u­

HOfO H3 orpaHHqemi:if. HH)l(e .uaeTCH orrnca­

HHe cpyttKUHOHaJJa H anropHTMa OITTHMH3a­

l{HH, a TaK)Ke KaTeropHH OIITHMH3aUHM (npH­

Be.UeHHbIX rrpH6bIJIH, Bbip)"IKH, 3aTPaT), rrpH­

BO,UIDI.lHX K orrpe.ueJJeHHIO ueHbI 3HeprHH .umr 

OITTHMaJ1bHOf0 1rnatta. 

1. <l>YHKUHOHaJI 

CymecrnoBaHHe JJ1-06oif CTPaHbI rrpe.!lIIO­

JJaraeT rrporno3HpoBami:e ee pa3BITTHH. J1Io-
6oif Bap1-rnHT nporno3a (rrpe.ucTaBJJeHHH 06 H3-

MetteHHH BO BpeMem1) 3KOHQMHqecKOH )l(H3HH 

CTpaHbl BKJIJOqaeT npe.unonaraeMbIH CilHCOK 

061,eKTOB (X03HHCTBeHHbIX MeponpHHTHH) H 

MOMeHTbI HX "BBO.Ua B 3KCIIJiyaTaUHIO". EcJIM 

KaqecTBo BapHaHTa rrporn03a orrpe.ueJJHTb 3Ha­

qeJrneM HeKOTOpOH BeJiwrn:Hbl (ueneBOH cpytt­

KUHH, cpyttKUHOHana), TO cpaBHeHHe BapHaH­

TOB npe.unonaraeT 3Hamie Kp1nepHH onTHMH-

3aUHH (MaKCHMH3aUHH HJJH MHHHMH3aQHH) 

<:pyttKu:HOHaJJa. CaM cpy-I-1KIJ.HOHaJ1, OIIHCbIBal-0-

muif rrporH03 BBo.na B 3Kcrrnyarnu1n-0 061,eK­

TOB B pa3HbJe MOMeHTbl BpeMemi:, .!l0J1)KeH 
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Y9HTbJBaTb ueHHOCTb caMoro BpeMeHH .UJJH 

pa3BHTH.H. 

,[(pyrHMH CJ10BaMH, cpyttKUHOHaJJ .UOJJ)KeH 

C llOMom1,1-0 <:pyttKUHH ueHHOCTH BpeMemI 

o6ecnequBaTb He TOJlbKO COH3MepeHHe pa3HO­

BpeMeHHbfX <PaKTOpOB, HO H HX IIpHBe.uemi:e K 

0./lHOMY MOMeHTY BpeMeHH (HanpHMep, MO­

MeHTY Haqana HHTepBana rrpOrH03HpOBamur). 

3TO o6ecrre9MBaeT COITOCTaBHMOCTb cpaBHH­

BaeMbIX 3Haqemm <:pyttKUHOHaJJa pa3JJHqHI,IX 

BapliaHTOB nporH03a. <l>YHKUHH ueHHOCTH 

BpeMeHH o6bPIHO BKJTIOqaeT rrepeMemryI-O BO 

BpeMeHH HOPMY, Ha3bIBaeMyro HOpMOH p = 
p(t) .!lHCKOHTHpOBaHHH; caMy )Ke cpyttKUHJ-0 

u:eHHOCTH BpeMem-1 npHHHTO Ha3bIBaTb cpyttK­

UHeH )lHCKOHTHpOBaHHH. HopMa .UHCKOHTHpo­

BaHHH CJJ~T 0.!lHHM H3 Ba)l(HeihIIHX perynH­

TOpOB 3KOHOMWieCKHX H COUHaJJbHbIX npouec­

COB B o6mecTBe. 

B pa3BHTblX CTPaHax cymecTByeT Mexa­

HH3M OTCJie)l(HBaHHH 3TOH BeJIHlfHHbI, HarrpH­

Mep, C IIOMO[ll,bl-0 rrepeyqeTHOH CTaBKH pecpH­

HaHCHpOBaHHH ueHTPaJJbHOro 6aHKa. qeM 

6oJibUie 3Haqefille p, TeM 66fillliaH .uonH 6ora­

TCTBa o6meCTBa npoe.uaeTCH H TeM MeHblliaH 

TpaTHTCH Ha pa3BHTHe (ttJ1H 6y,uymee lIOTPe6-

neHHe ). EcJIH Hapo)lHoe X03HHCTBO pacnonara­

eT He60JiblliHM KaIIHTaJJOM, TO 3arrycK Mexa­

HH3Ma yrrpaBJieHH.H 3KOHOMHKOH, HanpaBJJeH­

HOro Ha IIO.!l.!lep)l(aHHe HH3KOro 3HaqeHHH 

HOpMbl .UHCKOHTHpOBaHH.H, H c6anaHCHpoBaH­

HOe 3KOHOMWieCKOe pa3BHTHe o6ecrre'laT Bbl­

COKHH ypoBeHb )l(H3JIB qJieHOB o6mecrna B 

6y.uymeM [5]. 

1.1. <J>yHKl{UOIUUl :Jllepwcucme.Mbl OJIH 

nepe.MellllOU 60 Bp~tellU IIOpMbl 

oucK011mupona1111R 

Cl{lfTaeTcH, '-ITO 3HeprocucTeMa o6ecrre­

'IBBaeT 3a.uaHHbIH rrnaH BbmycKa npO.UYKUHH, 

T.e. o6ecrre'-IHBaeT crrpoc i Ha 3Heprn1-0 Bcex 

BH.UOB: iE I+ ={iii= 0 ,I ; I + = 0, ecJIH i = 
= O}. 8 3THX ycJJOBliHX cpyttKUHOHaJJOM cJiy­

)l(aT npHBeneHHbie (.UHCKOHTHpOBaHHbie) K 

npoH3BOfilHOMY MOMeHTY 

3 = 3(,p) Ha pa3Mememi:e, CTpOHTeJibCTBO, 

3KCilJiyarnumo 3Hepro6JIOKOB (BKillOlJaH. MO­

.uepHH3aUHIO, pacumpeHHe (peKOHCTPYKUHI-0) 

H CHHTHe HX C 3KCrrnyaTaUHH, B03MO)l(H0e 3a-



MemeHHe TaKHMH )Ke mm JJ.py:rnMH :mepro-

6JioKaMH), nepeJJ.alf)' :meprm1 noTJ)e6Hrem1M, 

noMep)[{aHHe 3KOJIOfHH H BO3Memem1e yruep-

6oB OT rrpOH3BOJJ,CTBeHHOH JJ,eHTeJihHOCTH Ha 

pacqeTHOM HHTepBaJie (-oo, T) . 
IlpHHMMfill J],JIH onpeJJ,eJieHHOCTH /p = 0 , 

T.e. npHBeJJ,eHHe 3aTJ)aT rrpOH3BOJ],HTCH K Haqa­

ny OITTHMH3HpyeMoro rrnaHOBOrO HHTepBaJia, 

3arrmneM cpymuu-wHaJI B BHJJ,e: 

3 = 3{ 0) = 3bring + 3own + 3row + 3ccol+ 3transm1S + 3safe> (1) 

rJJ,e 3bnng - paCXOJ],hI Ha OCBOeHHe rrnomaJJ,oK; 

3
0

wn - C06CTBeHHhie H3JJ,ep)[{KH 3HeprOCHCTe-

3JJ,eCb p(t) = var COOTBeTCTByeT nepeMeH­

HOH BO BpeMeHH HOpMe JJ,HCKOHTHpOBaHHH; 

F = F( Q ! ( ro)) - <i>YHKUHH 3aTJ)aT Ha oc­

BOeHHe or,n:eJihHhrx rrJiomaJJ.OK mE .Q+ ={ mlro 

Mbl Ha crpOHTeJihCTBO H 3KCrrJiyaranmo 3Hep­

ro6JIOKOB; 3,ow - paCXOJ],hl 3HeprOCHCTeMhl Ha 

Cblphe; 3ccol - ITJiaTa (lllTJ)acp) 3a Bhl6pochI 

"HJJ,OB" B 3KOCHCTeMy; 3transm,s - H3JJ,ep)Kl(J{ Ha 

CTpOHTeJibCTBO H 3KCITJiyarawuo JIHHHH rrepe­

,1::(al{ 3HeprnH; 3safc - H3JJ,ep)l(l(}f Ha JIHKBHJ],a­

Um-0 rrocJieJJ.CTBHH aBapHH, CBH3aHHhIX c pa6o­

TOH 3Hepro6JIOKOB. 

CJiaraeMhie, cpHryp11pyromHe B (1 ), orrpe­

JJ,emI10rcH raK: 

3bnng=3bnniO)= tF( Q!(ro)}-p(1,(oi)),,(oi), (2) 

(3) 

(4) 

(5) 

(6) 

(7) 

= O,Q; .Q+ = 0, ecillf ro = O} If BOCCTaHOBJie­

HIDI MX J],0 nepBOHa'-lam,Horo (HerrpOH3BOJ],CT­

BeHHOro) COCTOHHJUI. IlOCJie 3aKpbITHH rn1orua­

JJ,OK B CBH3H C npeKpameHHeM npOH3BOJJ,CTBeH­

HOH JJ,eHTeJihHOCTH, paJJ,H Koropoi-i rrnoruaJJ,Ka 

OCB8HBanacb; <i>YHKUJUI. F 3aBHCHT OT rrpe-
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.ueJibHOH (C)'MMapHOH) ycTaHOBJieHHOH MOl.U­

HOCTH Qr, ( (J)) :rnepro6JIOKOB TIJIOI.Ua.UKH co. 

JJ:ern.1:n1. om1cattmr 11 nocTpoeHH.H :now cpyttK­

UHH ,UaHbl B [ 5]; 
F (transm,s) (x(transmis) ) - rhVJ.JKl(H.H KaIIHTaJih-

'I'(~) 'I'(~) 4' J .. 

HhlX 3aTPaT, CBH3aHHbIX co CTPOHTeJibCTBOM Ji! 

BBO.UOM B 3KCTIJiyaTal(HIO JIHHHH 'V(S) nepe­

,Ua'-1.H, ee MO,UepHH3au;HeH H CHHTHeM C 3KCTIJiy-
,h X (,ransmis) 

aTal(HH; 't'YHKI.Urn 3aBHCHT OT .UJIHHbl 'I'(~) 

JIHHHH 'V(s) nepe,uaqH; 'V(s) E 'I'+ = { q, + (s) I 
I; = O,~; 'I'+ = 0, ecJIH I; = O}; 

~"'-'{ Q(n1 (ffi,r) ,T1 (ffi,r))) - qJ)'HKUIDI Ka-

TIHTaJibHbIX 3aTPaT .umr 3Hepro6JIOKa nma rE 

R = {rlr = 0 R · R = 0 ecm1 r = O} Ha 
+ ' ' + ' 

rmow.a.uKe co, 3aBHC.lUIJ.aH OT ycTaHOBJieHHOH 

MOI.UHOCTH Q ( n j ( ro, r)' T' ( (J), r)) 3TOfO 6JIOKa, 

BBe,UeHHOro B 3KCTIJiyaTau:mo Ha TIJIOI.Ua.uKe CO 

B MOMeHT t, ( ro,r) ; qJYJIKUHH Ta[Ql(e BKJIJOqaeT 

B ce6H npHBe,UeHH)'IO K MOMeHTY t j ( ffi,r) nyc­

Ka '-1.aCTb 3KCTIJiyaTal(HOHHbIX pacxo.uoB (Ha 

aMOpTH3aumo - peHOBal(HIO H KaTIHTaJibHblH 

peMOHT, MO.UepHH3aU:HIO, TeKymHH peMOHT, Ha 

3apa60TH)'IO nJiaTy 3KCTIJiyaTal(HOHHOfO nep­

COHaJia, o6w.ecTaHUHOHHhie H npoqJile pacxo­

.UbI ) , He 3aBHCHI.UYJO OT TeKymdi 3arpY3KH 

q(t,n, (w,r),T, (ro,r)) 3Toro 6 JioKa c HOMepoM 

j ( ro, r) ; qJ)'HKUH.H 3aBHCHT TaIOKe OT BeKTopa 

T' ( (!) ' ,.) xapaKTepHbIX HHTepBaJIOB speMemr, 

6Jiaro.uapH KOTOpOMY yqHTbIBaIOTCH np1-rne­

.ueHHbie K MOMeHTY I J ( ro, r) nycKa 3Hepro6JIO-

Ka paCXO.UbI Ha ero CTpmnem,CTBO Ha HHTep­

BaJie t ~conscr) ( ro, r) , MO,UepHH3al(HJO, npOBO,llH-

M)'IO peryII.HpHO qepe3 11HTepBaJibl 

• ~modem)( ro ,r) BpeMeHH, H CHHTHe ero C 3KCTIJiy-

aTal(Hl-l IlOCJie cpoKa 't~oper) ( W,r) CJI)l)KfaI; 

yTIOMHHyrb1e 3,lJ.eCb KOMTIOHeHTbl Y.aCTH 3KCil­

JiyaTal(J10HHh1X 3aTPaT, He 3aBHCHI.UeH OT Te­

Kymeif 3arpY3KH 6JIOKa, npHBO.U.HTC.H K MOMeH­

TY nycKa 3TOro 6JIOKa Ha HHTepBaJie speMeHH 

. (oper) (ro r) . 
J ' ' 
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f.(transmis) (Q· (transm,s)) _ ,i...VJ.JKl..(H.H Kall TM _ 
'I'(~) Ill(~) 't'J~ H b 

HbIX 3aTpaT, CBH3aHHbIX co CTpOI1TeJibCTBOM H 

BBO.UOM B 3KCTIJiyaTal(HIO JIHHHH 'V(S) nepe­

,Ua'-1.H, ee Mo.uepHH3al(HeH H CHHTHeM C 3Kcrrny­

aTal(HH; qJ)'HKl(HH 3aBHCHT OT ycTaHOBJieHHOH 

MOI.UHOCTH Q ~;sm,s) JIHHHH 'V(S) nepe,Ua'-1.H; 

c(ro.,{ 1,Q(n1(ro,r),T, (ffi,r))) - y.uem,Hbie 

3KCTIJiyaTal(HOHHbie paCXO.UbI, 3aBHCfilIU{e OT 

speMeHH t H ycTaHOBJieHHOH MOI.UHOCTH 

Q( n
1 

( ro,r ), T1 ( ro, r)) 3Hepro6JioKa; 

(transmis} (r Q. (1ransm,s)) 
cl/I(~) ' 1/1(~) y.ueJibHbie 3KC-

IIJiyaTal(HOHHbie paCXO,l].bl, 3aBHC.Hl.UH.e OT 

speMeHH t H ycTaHOBJieHHOH MOl.UHOCTH 

Q~~)") JIHHHH 'V(S) nepe,[J.a'-1.H; 

NJ ( ffi,r) - '-1.HCJIO HMeH O.UHOTHTIHbIX ce­

pHHHbIX 3Hepro6JIOKOB r, KOTOpbie 880,l].HTCH B 

3KCnJiyaTau;mo B O,l].HH H TOT )Ke MOMeHT 

t, ( ro,r) BpeMeHH Ha n11ow.anKe co; 

q ~;,sm") (t) 3arpy3K3 MOJ.UHOCTblO 

JIHHHH 'V(S) nepe,ua•rn; 

l..\(t,s(l)) , G(t ,w,r, s(!)) - uetta H noTOK 

TIOTPe6JIHeMOfO 3Hepro6JIOKaMH CblpbH s(/) 
H3 accopTHMeHTa nepBH'rnoro 3Hepropecypca 

IE L + = {Ill = O,L; L + = 0 , ecJIH I = O}; 

L.\tran, (t,ro,s(l)) - uetta TPaHcnopTHpOBKH 

CblpbH s(l) H3 accopTHMeHTa nepBH'-1.HOro 

3Hepropecypca / .uo 3Hepro6JioKa, pacno110-

)l{eHHoro Ha TIJIOJ.Ua,UKe co pa3Mew.eHHH; 

l..\(t,v) , G(t,v) - uetta (lllTPacp) e.uHHH-

UhI Bpe,UHbIX BbI6pocoB ("K.ua") BH,Ua VE v+ = 
{vlv = O,V; V+ = 0, ecJIH v = O} Hero nornK 

B 3KOCHCTeMy; 

l..\(t,y,n
1 

(w,r)) - u.eHa (on11arn) ymep6a 

OT O,l].HOH aBapHH s11.ua yE y + = {y[y = O,Y ; 

Y+ = 0, ec1m y = O} .UJIH OT.UeJihHOro 3Hepro-

6JioKa np0113BOJihHOro THTia r C Ji!MeHeM 

n 
1 

( ro, r) , sse.ueHHOrO B 3KCIIJiyaTaU.HIO Ha 

npOH3BOJibHOH nnow.a.uKe CO pa3Mel.UeHl1H Ha 



HHTepsane (-oo, T) speMeHH B M0MeHT 

t
1
((J),r); 

P(y,nj((J),r)), - sep0KTH0CTh asapHH BH­

.ua y )lJIK 0T)leJJbH0ro :mepro6noKa np0H3B0Jih­

H0f0 THna r C HMeHeM nj ( (J), r) , BBe,IJ,eHH0ro B 

3KCnnyarnumo Ha npOH3BOJihHOH TIJJ0IUa,IJ,Ke C:O 

pa3MeIUeIIHK Ha HHTepBa.JJe (-00, T) BpeMeHH 

B M0MeHT lj ( (J),r); 

Q(nj ((J),r),T, ((J),r)) - 06mcU1 H0MlfHaJJh­

HM (npoeKTHaR) ycTaH0BJieHHaK M0IUH0CTh 

cepHHHoro 3Hepro6JIOKa IIp0H3B0JibH0r0 nma 

r C HMeHeM nj (ro,r) H B03paCTHhIMH xapaKTe-

pHCTHKaMH T 
1 

( (J), r) , BBe)leHHoro B 3KCTIJiya­

TaUHf0 Ha npOH3BOJihHOH TIJI0IUa.,llKe CO pa3Me­

meHHK Ha HHTepsane (-00, T) BpeMeHH B M0-

MeHT 1
1 

( ro,r) ; 

q(t,n1 (ro,r),T1 (ro,r)) - 06IUcU1 TeKyIUM 

3arpY3Ka M0IUH0CThlO B M0MeHT t speMeHH ce­

pHHHOro 3Hepro6JIOKa np0H3B0JihH0ro THna r 
C HMeHeM nj (ro,r) H B03paCTHhlMH xapaKTe-

pHCTHKaMH T 
1 

( ro, r) , BBe)leHH0f0 B 3KCnnya­

TaUHIO Ha np0H3BOJibHOH TIJJOIUa.,llKe CO pa3Me­

meHHK Ha HHTepaane (-00, T) BpeMeHH B MO-

MCHT t J ( ro, r) ; 

t 'tl(e) - M0MeHT BBO)la B JKcnnyaTaUHIO 

JJHHHH 'I'(~) nepe.uat.JH, npHt.JeM t'tl(~) E 

(-oo,T); 

x(w,r,s(l)) - paCCT0KHHC TpaHcnopTH­

p0BKH CbipbK s(/) H3 accopniMCHTa nepBHlJ­

HOf0 3Hepropecypca I ,IJ,O JHepro6noKa r, pac­

noJIO)KCHHOro Ha IlJJ0IUa)lKC co pa3MClUCHHK; 

H3BCCTHa51 q>y'HKUHK. 

~eHhI u(t,s(!)) , utran, (t,ro,s(l)) , u(t,v) , 

u(t,y,nl ( ro,r)) ClJHTaIOTC.sI H3BCCTHhIMH qlyH­

KUHRMH apeMeIDI. OHH orrpe.uemIIOTCH npH 

onTHMH3aUHH MC)KOTpacneaoro 6anaHca Ha­

po,IJ,uoro xo3KHCTBa, HHat.Je roaopH, Ha 6onee 

BhICOKOM HepapxHt.JCCKOM ypOBHe OTITHMH-

3aUHH. 

OnTHMH3aUHR q>yttKUHOHaJJa rr~0H3B0,IJ,HT­

CK Ha n.1aH0B0M HHTepsane (o ,T) apeMCHH. 

,nonnaHOBhIH HHTepaan (- 00 ,0) 0)lHHaKOB 

,lJ,JJH acex cpaBHHBaCMhIX sapMaHT0B H nop0)K­

,D.aeT Hat.JaJJhHbIC apeMeHHbie ycn0BHJI (rrpH 

t = - 0 ) ,D.JI51 nnaH0BOf0 ( OIITHMH3HpyeMoro) 

HHTepaana. 

1.2. <l>y1tKJ<U011a.rt :mepzocucme.Atbt 

01111 nocmo111111oii so ope.Ate11u 11opAtbl 

0UCKOll111Up06QIIUJl 

Ecm1 p(t) = con st = p , TO q}yHKUHOHaJJ (}) 

Ir, ( (1)) - MOMCHT apeMeHH BBO,IJ,a B 3KCil- ... (7) CYIUeCTBCHH0 ynpomaeTCH. Ero C0CTaB-

nyaTaUHIO nnoma.LO<H ro pa3MemeHml 3Hep- JUllOlUHe (2) ... (7) npe,IJ,cTaBJIHIOTCJI a BH,D.e 

ro6noKOB 3HeproCHCTCMhI (npHYeM - - f ( . ) -ptr(a,) (8) 
-oo:5tr.(ro):5T); 3b,1118 -3br,08 (0)-~F Qr(ro) e , 

3,_ = 3_ (0) =~{ft) J:, •-•,C••l {;;.,{ Q(n, (w,r ), , , (w,r)} )+ 
+ f c(.,.,)(1,Q(n

1 
(ro,r),T1 (ro,r)))q(t,n

1 
(ro,r),T, (co,r))e-(,-,,(w.,))P dt)} , 

1,(w,r) 

(9) 

3_= 3_ (0) = t,,% tt, {J ( u(1,,(i)}+ •= (1,ro,s(i)} X (w,r,s(l))} G(1,ro,r,s(i)} •-• di}, 

3,.. =3_,(0)= t.{l u(1,v)G(1,v)e-• d1), ( 11) 

3 = 3 (0) = f ~) -pl•(IJ {F(transmos) (x(transmos))+J.(iransmos)(Q· {transmos})+ 
transmtS u-ansmos L.J L.J e ..,(~) ..,(~) v(~) 'ti(~) 

~=0 ,.,(~)=O 

+ IT C(tnnsmos) (/ Q. (transoms)) q' (rransm,s) (t) e-(,-1,(1)► di] 
,v(~) , 'i'(~) 'I'(~) , 

'•(l) 

(12) 
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11 

ii 

r .Q l R J(w,r) N1(w r) 

3safe = 3safe { 0) =LL L L L e -p1,(w,1) X 
y=Ow=O r=O J=O n1 (w.r)=O 

X l J u(t,y,111 ( w,r)) P (y,n1 ( w,r)) q (t,n1 ( w,r ), T
1 

( w,r)) e -(,-,,(w.r))P d,}} 
11(01,r) 

(13) 

TaKHM o6pa30M, OCTaBmrn: BH.ll <py'HKUHO­

HaJia (1) HeH3MeHHbIM, ero COCTaBJUIIOIUHe (2) 
... (7) 3aMemIIOTC.H Ha (8) ... (13). 

2. (l>uuaHCOBbie nOTOKH 

H orpaHH'-leHHH Kpe.nnTHbIX pecypCOB 

Ha rrepeMeHHhie 3bnng , 3own , 3row , 3ecol , 

3transm,s , 3sare , KaK H Ha BeCh q)j'HKUHOHaJI 3 H3 

(1 ), Moryr HaKJia,llbIBaTbCH <pHHaHCOBhie orpa­

HnqeHH.H, OTPa)l<alQIUHe BO3MO)1(HOCTH H rrpe.n.­

noqTemrn Kpe.nuToBaHIDI u rroc11e.nyroruero 

<pHHaHCHpOBaHHH TOH HJIH HHOH qaCTH 3Hep­

rOCHCTeMhI. Ec11u .llJIH K~OH H3 rrepeq11c11eH­

HhIX rrepeMeHHbIX 3a,llaHhl BpeMeHHbie rpa<pH-

KH cp1rnaHCHpOBaHHH (BepXHH.H H(·) (t) H HH)K­

HH.H h (·) (t) rpammhI) C .llHCKOHTHpOBaHHeM 

IIO CTaBKe p(t) = var ' TO <pHHaHCOBhie orpa­

HHqeHIDI B HHTerpaJihHOH cpopMe MO)KHO 3a­

m1caTh B BH,lle 

T - f p(t' )dt' T - f p(1')d1' 

f h(")(t''-F - dt$3.$f H (")(t"~ - dt . (14) 

3.nech "u" = bring, own, row, ecol, trans­

mis, safe. ITpuse.n.ettue 3aTpaT rrpoH3BO.llHTC.H 

K Haqany OIITHMH3HpyeMOfO rrnaHOBOro HHTep­

BaJia, T.e. tp =0. ECJIH orpaHwqeHIDI BH,lla (14) 

HaKJia,llhJBaJOTCH Ha Bech rrpHBe,lleHHhIH CIIH­

COK "w" TO TeM caMhIM HaKJia,llhJBaeTCH orpa­

HH'IeHHe Ha BeCh <pYHKUHOHaJI 3. B03MO)l(HQ 

rrpHMeHeHHe orpaHHqeHHH BH,lla (14) He KO 

BCeMy OTMeqeHHOMY crrwcKy "w". 

Ec11H p(t)=const=p, TO (14) ynporuaeTcH 

KBH.llY 
T T 

f h(H)(t)e-P' dt$3. $ f HM(t',-P' dt . (15) 

OrpaHwqeHHOe Kpe.nuT0Bam1e c rroc11e.n.y­

IOIUHM <pHHaHCHpoBaHHeM no nmy (14) HJIH 

( 15) B03MO)l(H0 H ,UJIH ,npyrnx qacTeH TTOJIHOfO 

<py'HKUHOHaJia 3. <l>y'HKUHOHaJI (1) MHOrOJIKK u 

ero MO)KHO rrpe.ucTaBHTh, HarrpHMep, s s11,ne 
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R 

= 3bnng + 3transm,s + L 3(r) · (16) 
r=O 

Tor.ua Ha nepeMeHHyro 3(r), CBH3aHHyro 

co CTPOHTeJibCTBOM H 3KcneyaTa1..u1eH 3Hepro-

6110KOB Tuna r Ha scex nnorua.nKax, MO)KHO 

HaJIO)l(HTh orpattHqeHHe BH,lla ( 14) l{JJH ( 15), 
IlOJIO)KHB H = r. 

MO)l(HO HaJIO)l(HTh orpaHJ,rqeHHe BH,lla ( 14) 
HJIH (15) Ha <pHHaHCHpoBaHHe TOJihKO H,llep­

HhlX 3Hepro6JIOKOB. ,l(JI.H 3TOfO cne.nyeT B fIOJI­

HOM <py'HKUHOHaJie (16) Bhl.lleJIHTb rrepeMeH­

Hyro 3(nucl) , CBH3aHHyro CO BCeMH H,llepHbIMH 

3Hepro6JIOKaMH: 
R 

3 = 3bnng + 3transm1s + L 3(r) = 3bnng + 3transm,s + 
r=O 

+ L 3(r)+ L 3(r)= 
lf1'! Rt""1) \f,.; R\""'1) 

= 3bnng +3,ransm,s + L 3(r)+3(nucl) , 
\f1'! R~""'') 

T.e. 3(nucl} = L 3(r). 
\f,.; R~""'') 

CHMBOJihHOe Bhipa)KeHHe "VrE Rtucl) " 

c11e.uyeT 'IHTaTb TaK: ".nnH scex r, 

np1rna.u11e)l(aruux no.urrpocTPaHCTBY R~nucl) C 

CR+". 

Tor.ua orpaHwqeHue Ha <pHHattcuposaHHe 

3aTpaT 3(nucl) ,llJIH p(t) = var 3alliUIIeTCH TaK: 

T - f p( 1')d1' T - f p( 1')d1' I h(nud){l J! - d! $ 3(nucl)$ I H (nucl)(L J! - dt.(17) 

,l(11.H p(t) = const = p Bbipa)l(eH.He (17) ynporua­

eTcH K su.uy 
T T I h(nucl)(t , - pt dt $ 3(nucl)$ I H (nucl)(L ,-pl dt . 

Cne.nyH 3TOH nonuce, M0)l(HO HaJIO)KHTh 

<pHHaHCOBhie orpaHH'-leHHH Ha mo6yro rrepe­

MeHHyro HJIH rpynrry rrepeMeHHhIX OITTHMH3a-
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UHOHHOH 3a,Ua'lli, IIO CMhICJJY no,uBep)l(eHHbIX 
QJHHaHCOBbIM orpam1t:J:emrnM. 

3. BMpyqKa H rrpn6b1Jlb 

HOH, T.e. p(t) =canst= p . IlpIIBe,neHHaJI K 

MOMeHTY tp = 0 HaqaJJa HHTepmurn rrnaHH-

poBamrn BLrpyqKa B = B(tP) Bceif :rnepro-

BBe,neM ynpoweHHe: 6y,ueM C'lfHTaTb HOp- CHCTeMbl OT npo,na)I{H 3Hepnrn BCex BH,UOB 

MY ,UHCKOHTHpOBal:IIDI BeJrnqHHOH TTOCTO.HH- 6y,n:eT paBHa 

B = B(O) = ±[ J 1l=•nd) (t ,i) dqidemand) (t ,i) e-p, dtl , (18) 
,=o _ dt 

r,n:e qide,nand) (t ,i) - Cy-MMapHblH cnpoc Ha :rnep­

roBhipa6oTKY BH,na i K MOMeHTY t BpeMeHH, 
npe,lll,JIBJI.H:eMblli :meprOCHCTeMe co CTOpOHbl 

norpe611TeJidi; qidemand) (t,i) ~ 0 ; 

u(demand)(t,i) - ueHa 3HeprnH BH,n:a i KaK QJYHK­

UH.H BpeMeHH (ueHa .ll:JIJI IIOTpe6HTeJIJ1). 
,l],rr.ii: cnpoca Ha 3Heprmo BH,n:a i, npe,UbJIB­

n.ii:eMoro K 3Hepro6noKaM nnorua.D:KH ro, ,n:omK­
HbI BbIIIOJJIDITbC.H COOTHOllleHH.SI [ 4] 

Q 

qtem•nd)(t,i) = Lqtmand){t, ro i) qt •mand)(t ro,i) ~ 0,(19) 
0>=0 

r.ne qidemandJ (t, ro, i) - cnpoc Ha 3HeproBbipa-

TaKHM o6pa30M, BbipyqKa 3HeprOCHCTeMhI 
3a ornyrueHHYJO IIOTpe611Temo npO.LJ.YKUIUO IIO 
BCeMy CITHCKY i paBHa CYMMe Bbipy-qeK, nony­
qeHHhIX c OT,nenhHhrx nnowa.n.oK 3a npo,natt­
HYJO npO.LJ.YKUHIO no 3TOMY )l(e CilHCKy. 

IloKa)l(eM, qTo ueHa 3HeprnH BH,na i B 
3HeprocHCTeMe, no KOTOpOH 3Ta 3HeprHH npo­
.n.aeTC.H norpe611Temo, e,n.11Ha ,un.ii: Bcex norpe-
6ineneii. 

IlyCTI, nony-qeH OIITHMaJJbHhlli nnaH 3Hep­
rocncTeMbl, B KOTOpOM ,UJIJI .UByx pa3HblX mIO­

rua.noK 0) H w HMeIOTC.SI pa3Hbie OTnycKHbie 

,um1 norpe611TeJ1eH OilTHMaJJbHbTe ueHI,J 

ll(de,nand) (t,ffi i) H ll(de,nand) (t , W,i) Ha 3HeprHIO 

BH,Ua i. ,lJ,J1Jl onpe,neJieHHOCTH IlOJJO)l(HM 
(demand) ( ·) (demand) ( - · ) l..l t,ro,, > l..l t, ro, , . (22) 

TiycTb B npOH3B0JlbHhIH MOMeHT t BpeMe­
HH B 3HeprOCHCTeMe Ha nnorua.nKaX 00 H W 

ecTI, pe3epB MOIUHOCTeU IIO BbJpa6oTKe :rnep-

60TKY BH,Ua i K MOMeHTy t BpeMeHH, npe,n1>J1B­
JJ.SleMhIM KO BCeM 3Hepro6noKaM nnoruanKH ro. 

Bblpa)l(eHHe ( 18) c y-qeTOM ( 19) 11 TOro, 

'lfTO Me)l(,Uy CITpOCOM qtmand) (t , ro, i) Ha 3Hep­

roBbipa60TKY BH,Ua i K MOMeHTY t, npe,n1>J1BJ1Jl­
eMblM KO sceM 3Hepro6noKaM rrnorua,nKH ro, H 
ero IIpOH3BO.[{HOM qidemand) (t, ro, i) cymecrnyeT 

CBH3b [4] 
I 

(demand)(/ ·) =f · (demand)(/' •)dt'· qr. ,W, l q r. , ffi , l , 

q. (cbrend)(- oo 0) i) = 0 
r. ' ' ' 

(20) 

npHo6perneT BH.ll 

(21) 

rnH BH.Ua i. Tipmnse,ueM cne,uyroruyro sapHa­
umo. TiepeCTpOHM nnaH pa3BHTH.SI 3HeprOCHC­
TeMbl TaK, qT06b1 )'BeJJ:Ht:J:HTb Bbipa6oTKY 3Hep­
rHH BH,na i (H scne.n 3a Heu nepepacnpe,neJIHTb 
HarpY3Ky cnpoca 3HeprmJ BH,Ua i B CTOpOHy 
)'BeJIH'-!eHIDI) ,UJ1JI IIJJOIUa.[{KH ro Ha 6ecKOHet:J:HO 

Manyro senwrnHy 8qidemand) (t, ro, i) H YMeHI,­

llIH:Th Bbipa6oTKy 3HeprnH BH,Ua i (H BCJie.[{ 3a 

HeH - cnpoc) nrr.ii: rrnoruaJJ.KH ro Ha 6ecKoHeq-

Ho MaJJYJO BeJJHt:J:HH)' Oqtmand) (t,ro,i) TaKYJO, 

'lfTO Oqidemand) (t,ro, i)+ Oqidemand) (t,ro,i) = 0 HJIH c 

Yt:J:eTOM (20) 

s:c • (demand) ( ·) d ,;:c • (demand) ( - ·) d _ 0 uq r. l , W, I I +uq r. f ,W, l t - . (23) 

Ecm1 B 3HeproCHCTeMe Ha IIJJOIUa.n.Kax 00 H 
ro Bhlpa6oTKa :rnepnrn BH,LJ.a i ocyruecTBJIJ1eT­

c.S1 0.[{HHaKOBbIMH 3Hepro6noKaMH Ha 3THX 
nnmua.n.Kax, TO TaKoe rrepepacnpe.nenemi:e Ha­
rpy3KH Me)l(,lly 3THMH 3Hepronnoma.n.KaMH 
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rrp1rne,neT K H3MeHemno 83 rrp1rne,neHHhIX Ja­

TpaT, paBHOMY ttymo, T.e. 83 = 0 . 

Bap11au1151 8B np11se.n;eHHOH Bbip}"-IKM 

3HeprocHCTeMhl 6y,neT paBHa 

oB = oB( co)+ o8(m) = 
= e-pl o,/tmand) (t, co,i) dt u.(demand) (t ,w,i) + 

-pt s: . (demand) ( - ·) d (demand) ( - ·) + e u q :i; I, CO, I I U. I, CO, I , 

HnH, yqHTbIBM (23), T.e. '-!TO 

s: . (demand) ( ")d __ s: • (demand) ( - ")d uq :i: t,co,1 I - uq :i: t , co,1 t , 

s: 8 _ -pt s: • (demand) ( ·) 
u -e uq:!: t,W,l X 

xdt (u.(demand)(t,ro, i)-u.(demand1(t,ro,i)). (24) 

IlocKom,Ky rrpe.nnonaranocb (22), TO 

08 > 0 , a cne,noBaTenbHO, H3MeHeHHe OTT 

npHBe,neHHOH npH6blJIH 3HeproCHCTeMbl 6y­

neT TaIOKe CTPOro 60JibllJe HYJIH: on 
= (8B - 83) > 0. 3Ha'-IHT, TaKOe nepepacnpe.ne­

neHHe HarpYJOK no Bbipa6oTKe 3Hepnrn BHJla i 
BbirO,llHO, TaK KaK npHBO)lHT K pocTy npHBe­

neHHOH npHfihIJIH 3HeprocHCTeMhI. B OITTH­

MaJlbHOM rrJiaHe [5] 
80 =0. (25) 

Cne.nosaTeJibHO, nepsoHa'-!anbHoe npe.n­

noJIO)KeHHe O TOM, l!TO B OilTHMaJlbHOM nJiaHe 

B03MO)l(Hbl pa3Hbie ueHhl Bbipa6aTbIBaeMOH Ha 

pa3HbIX rrnoma.nKax 3HeprHH BH,na i, HeBepHO. 

lfa (25) H (24) cnenyeT, '-ITO 3TH ueHhl ,llOJI)K­

Hhl fihITb 0,1:lHHaKOBbIMH. 

EcJIH )Ke ITJiaH 3HeprocHCTeMhI 6bIJI eme 

HeOIITHMaJleH H uem,I 3HeprHH BH,na i Ha pa3-

HbIX 3HeprorrnomanKaX pa3JIH'llible, TO MO)KHO 

npOJlOJI)KHTb TaKMe sapHaUHH ,llJl51 TeX IlJIOll.(a­

.n;oK, Jlllil KOTOpbIX UeHbl U.(dcmand} (t, ro, i) H 

U.(demand) (t,co, i) He paBiil>I Me)K.D;y COfiOH, )lO TeX 

rrop, 110Ka Jlllil scex 1rnoma.noK He ycTaHOBHT­

CH paBeHCTBa BH)la 

U.(demand) (t , ro,i) = U.(demand) (t, ro, i) , 

rrpH KOTOpbIX sapHaum1 88 H BCJie)l 3a HeH 

sapHaum1 on 6y.nyr paBHbl HYJIIO. B 3TOM 

CJI}"-lae ycTaHaBJIHBaeTC51 paBHOBeCHe, COOT­

BeTCTBYJOll.(ee JIOKaJihHOMY onTHMYMY nnatta 

pa3BHTH51 H cpyttKUHOHHpOBaHH51 3HeproCHCTe­

Mbl. ll,etta 3HeprHH BH)la i , COOTBeTCTBYJOlUM 

TaKOMY paBHOBecmo, H eCTb paBHOBeCHaR ue-
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Ha U.(dcmand) (t , i), no KOTOpOH 3HeprOCHCTeMa 

npo.naeT 3Heprmo BH.n;a i 110Tpe6HTemo, T.e. 

LJ.(demand) (t,i) = LJ.(demand) (t ,w,i) = LJ.(demand) (t, co,i). 

TaKHM o6pa30M, B OTITHMaJlbHOM rrnaHe 

pa3BHTHR H cpyttKUHOHHpOBamrn 3HeprocHCTe­

Mbl )lJIH p(t) =canst= p ueHa 3HeprnH BH,na i, 

oT11ycKaeMaR c nnomanoK, enHHa nnH sceH 

3HeprocHcTeMhI 11 ,nnH scex rroTPefiHTenew 

3TOro BH)la :meprHH. 

4. OnTHMHlaUHOHHaH 1aaa11a 

n a.ruopHTM ee pemeHHH 

3a,naqa IlOHCKa OilTHMaJlbHOro perneHIDI 

(rrnaHa) Ha MHO)l(ecTBe nonycTHMhIX perne­

HHH, JanaHHOM cHcTeMoH orpaHH'-leHHH, orrH­

caHHhrx B [ 4], CBO)lHTC51 K OTbICKaHHIO TaKoro 

ITJiaHa, y KOTOporo <pyHKUHOHaJl (1) .. . (7) HMe­

eT MHHHMaJlhHOe 3Ha'-leHHe. 

A.JiropHTM OnTHMHJaum1 6a3HpyeTC51 Ha 

anropHTMe, )laHHOM s [5]. B onTHMaJibHOM 

IIJiaHe H3MeHem1e 80 rrpHBe)leHHOH npHfihI­

JIH )lJl51 CJIO)l(HbIX CHCTeM, BKillO'-!aIOmHX Kpyn­

Hble H MenKHe rrpe,nnpHRTHH, a TaIOKe rrpen­

IIpH51THH no )l06bl'-Ie I10Jie3HbIX HCKOnaeMbIX 

H3 Henp 3eMJIH, IlO,ll'-!HHeHO TPe6oBaHHlO 

on$ o. (26) 

J,IHaqe roBOpH, ecnH IIJiaH OTITHMaJleH, TO 

mo6b1e ero H3MeHeHIDI (sapHaum1) He yn}"-l-

1IJaIOT <pyHKUHOHan, s o6meM CJI}"-lae rrpHBe­

)leHHYJO npHfihIJib. 

EcJIH OTITHMH3aUHOHHYJO 3a.n;aqy Ha rro­

HCK MHHHMYMa cpyttKUHOHana 3 ' Bbl'-IHCJI51e­

MOro H3 ( 1) ... (7), Cl!HTaTb npR.MOU OnTHMH3a-

UHOHHOH 3a)la'-leH C <pyttKUHOHaJlOM 

3 3~-) - -= ' TO conpIDKeHHblH C HeH rIOHCK MaK-

CHMYMa 060UCm6eHH020 cpyttKUHOHaJla 3 (dual) ' 

Bhl'-!HCJIHeMoro no JlBOHCTBeHHOMY K np51MOH 

OTITHMH3aUHOHHOH 3anaqe perneHHIO, rropO)l(­

)laeT OBoucmBew,y,o onTHMH3aUHOHHYJO 3ana­

qy_ I,1Horna )lBOHCTBeHHbIH cpyttKUHOHan 

3 (dual) Ha3bIBaIOT IIOJIHOH Bblpyt!KOH (noxo-

)lOM), BKJllO'-IalOll.(eH B ce651 KaK LiaCTh Bblp}"-1-

KY B H3 ( l 8) HJIH (21) Ja rrponaHHYJO 3Heprn10 

Bcex BH,llOB. 

Toma ycnOBHe (26) MO)l(HO rrpe)lCTaBHTb 

KaK 80 = « 3 (dual) - 3 (d,rect) ) $ 0 , T.e. Me)K.D;y I1pH-



Be.D.eHHhIMH K O.D.HOMY H TOMY )Ke MOMeHTY 

BpeMeHH (HanpHMep, Haqarry ITJiaHOBOro HH­

TepBarra /p = 0) 3aTPaTaMH 3 = 3 (dlfcct) , npe.D.C-

TaBil51IOI.I{HMH cl>YHKUHOHarr npR.MOU OITTHMH-

3aUHOHHOH 3a,llaq11, H TIOJIHOH Bblp)"iKOH 

3 (dua1), rrpe.D.CTaBnH10meil cl>YHKUHOHaJI oeoi"ic­

meemwii OITTHMH3aUHOHHOH 3a_naq11, BbIITOJl-

lUleTCH COOTHOllleHHe 3 = 3 (d1rect) :2: 3 (dual) . 

AJiropHTM OIITHMH3aUHH np.H.MOU OilTHMH-

3aUHOHHOH 3a,llaqH CBO,llHTCH K CJie,llYIQIU,HM 

o6o6meHHhIM ypoBIDIM, pacnonaraeMhIM 

CBepxy BHH3. Ha caMOM HH)KHeM ypOBHe pe­

rnaeTC51 3a.D.aqa JIHHeilHoro rrporpaMMHpoBa­

HHH, B KOTOpOH .D.JIH .D.HCKpeTHOH OCH BpeMeHH 

rrpe.D.CTaBJieRbI B 3acpHKCHpOBaHHOM BH,lle na­

paMeTPbI Bcex BepxHHX ypoBHett. HeJIHHett­

HOCTb q>YffKUHH, BXO.D..HIJ..J:11X B q>YffKUHOHarr, 

pa3pernaeTC51 C ITOMOIUbIO CXO.LUIIllHXC51 HTe­

paUHH. 

1. (Bepx,wii ypoeeHb.) OnmUJ11U3atfUR e 
ijeJl0I/UCJleHJ-t0M npocmpaHcmee n. nll0Ufa­

ooK pa:JMeUfeHUR C nO.M0UfbJO npoije0ypbl no­
KOOp0UHamH020 cnycKa. Ha 3JieMeHTapHOM 

mare npoue,nypbI noKoop,nHHaTHOro crrycKa 

q>HKCHpyeTCH q11cno .Q + 1 IIJIOllla,llOK, 3a,lla-

IOTCH HX rrpe,lleJibHbie ( CYMMapHbJe) ycTaHOB­

JieHHhie M01UHOCTH Qr (CO) ; .D.JIH ITOCJJe.D.HHX 

BI,JqHCJIHIOTC_ji npOH3BO.D.Hbie q>YffKUHH 

F( Qr (CO)) , KOTOpbie BXO.D.HT KaK K03cpq>HUH­

eHTbl u:eneBOH <l>YHKUHH rrpH nepeMeHHbIX 

Qr (co) B 3a_naqy mrnettHoro rrporpaMMHpOBa­

HJ,ij[. Ha CJie,llYIQllleM mare 3TOrO ypOBH51 3Ha­

qeHH51 Qr (co) 6epyrcH H3 pernemUI 3a.D.aq11 

JIHHeHHOro rrporpaMMHpOBaHH51. lllarH ITOBTO­

Pj[IQTC51 .D.O rronHott HTepau:110Hnoii: cxo.D.HMoc­

TH 3HaqeHHH BeKTopa rrepeMeHHbIX Qr (co) . 
2. OnmUJ11U3at/Wl 6 1.Jell0'IUCJ1eHH0M npo­

cmpaHcmee = + euooe 11uHuu nepeoal/u c no­

M0UfbJO npocmo20 nepe6opa KOM6uHaLJuu eu­
i>oe. Ha 3JieMeHTapHOM mare 3TOro ypOBHH 

q>HKCHpyeTC51 q11cno 3 + l BH.D.OB JIHHHH ne-

pe,llaq11_ BH.D.bI s JIHHHH nepenaq11 Mor yr 

6!.n1,: el (3JieKTPOIIepe.D.aqa), th (Terrnorrepe­

.D.aqa), fuel (TOITJIHBOrrepe,uaqa) H T.,ll. H3 MHO­

)l{ecTBa = · r- E = = { i: I i: = 0 -;:- · = = 0 -♦ ' ~ -♦ '°:) '-;> , - ' -. ' 

ecn:11 s = O}. IIocrre norrrrott onTHMH3aUHH 

pa3BHTH51 3HeprOCHCTeMbI C JTHM q>HKCHpo­

BaHHbIM q_HCJIOM OHO YBeJ1H"'-IHBaeTC51 Ha e,llH­

HHUY H CHOBa q>HKCHpyeTCH. ITOCKOJibKY '-IHC­

JJO BH.D.OB JIHHHH rrepe,llaqJ,i cqeTHO H HeBeJIH­

KO, TO rrpOBO.D.HTC51 ITOJIHbIH rrepe6op HX KOM-

6HHaQHH. 

3. OnmUMU3atfUR 6 lfeJI0'lUCJleHH0M npo­
cmpaHcmee 4'. llUHUU nepedal/u c noM0UfbJO 

npoije0ypbt noKoopduHamH020 cnycKa. Ha 

3JJeMeHTapHOM mare npoue.D.ypbl IlOKOOp.D.H­

HaTHOro cnycKa !pHKCHpYIQTC51 '-IHCJia 

'l'(s)+l: \Jl(et) + l, \Jl(th)+l, \Jl(fuel)+l H 

T.,ll . .LJ:nH 3THX tm:CeJI 3a,llaIOTCH ,llJIHHa X ~rnsm") 

H YCTaHOBJieHHaH MOII.lHOCTb Q~~m,s) .D.JJ» Ka­

)K,llOH JIHHHH \j/(S) rrepe.D.aqH; s1,1qHcJIHIOTCH 

IIpOH3BO,llHhie rhYHKUHH F (transm,s) (x(transmJS) ) 
'i' '¥(~) 'I'(~) ' 

J.(transm,s) (Q· (transm1S) ) C(transm,s) (/ Q. (transmis)) KO-
'¥(~) '¥(~l , ..,(~l , "'m , 

TOpbie BX0.D.»T KaK K03q>q>HIU1eHTbl ueneBOH 

rhYHKUHH IlpH rrepeMeHHblX X (transm,s) Q0 

(u-.nsm,s) 
'i' 'II(~) ' '1' (~) 

H q ~,;t•\1) B 3a.D.aqy JIHHeifHoro rrporpaM­

MHposaHHH. Ha 3T0M mare 3a.D.aqa JIHHeHHoro 

nporpaMMHpOBamrn pernaeTCH MH0r0KpaTH0 

.D.O IT0JIHOH HTepa1u10HHOH CX0.D.HM0CTH BeKT0-

P
0B X {transm,s) H Q. (transm,s) 

'II(~) '¥(~) . 

4. Onmu.MU3at/UR 6 1,/eJI0I/UCJleHH0M npo­

cmpaHcmee J. Wl-teH .Mo.MeHmoe eeooa e 3KC­

MyamaLfUJO 3Hep206JlOK06 . .LJ:m q>HKCHpOBaH­

H0ro qJ,fCJia .Q + 1 IIJJ0llla,ll0K pa3MemeHHH 

3a,naeTCH qncn o J + I HerroBT0Pj[IQlllHXC» HMeH 

(HoMepoB) M0MeHTOB BBO,Ua . .Ll:J151 3T0ro lfHCJia 

J + 1 H !pHKCHpOBaHHbTX 3HaqeHHH (.D.JI.SI Bepx­

HHX ypOBHeH arrropHTMa) K03!p!pHI{HeHTOB JIH­

HeHHOH q>OpMbl <l>YHKUHOHarra pernaeTC>I orr­

THMH3aQH0HHa.51 3a_naqa Ha MHHHMYM q>YffKUH-

0Harra 3 . IlpocTOH rrepe6op Ben11q11H J + I co-

CT0HT B TOM, qTo IT0CJle IIOJJHOH 0ITTHMH3aUmf 

Ha 3T0M yp0BHe C 3a,llaHHbIM q11cJI0M J + 1 fI0-

cne,uHee yBeJIB'-IHBaeTCR Ha e,llHHHIIY- OITTH­

MH3aU:H» II0BTOp51eTc» C H0BbIM 3HaqeHHeM J 
+ 1. YBen11qeHHe Ha e.D.HHHUY qHcna J + 1 npo­

HCX0.D.HT ,ll0 Tex nop, fI0Ka YMeHhJ.llaeTC» ¢YH­

KUH0Harr 3. 
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5. OnmU.Ml/3Ql,/UJl M0AteHln0e eeooa npeo­

npuamuii e 3KCn.llyamatfUIO. )],mi: 3a.r.taHHoro 

q11c11a J + 1 rrpoue.nypoif noKoopmrnaTttoro 

cnycKa orrpe.r.teJU1eTcH onTHMaJThHoe 3Haqemrn 

tj Ka)K,[{oro H3 MOMeHTOB BBOJ.{a. Ha :me-

MeHTapHOM mare npoue.r.typhl ITOKOOpJ.tHI-IaT­

HOro cnycKa .nmr 3aJJ,aHmix 3Ha4eHHH ti Ka)l(­

.noro 113 J + 1 MOMeHTOB BBO)la 3aJJ,aIOTCH yc­

TaHOBJieHHble MOI..QHOCTH Q(nJo,r );r)ro,r )) 
3Hepro6JJOKOB; BhPIHCJlj{IOTCH npOH3BO)lHbJe 

cpyttKUHM /rw.,{ Q( n i ro, r) ;r i ro r))) , 

c(.,_,{1,Q(nj (ro,r),T, (ro,r))), KOTOpbie BXOJ.tHT 

KaK K03cpcpHUHeHTbJ ue11eBOH cpyttKUHH (mr­

HeHHOH cpopMhI cpyttKUHOHana) rrp11 nepe­

MeHHhIX Q(n,(ro,r),T,(ro,r)) H 

q(t,n, (ro,r),T, (ro,r)) B 3a.r.tat.J:y JJHHeHHoro 

rrporpaMMHpoBaHHH. Ha 3TOM mare 3a.na1rn 

JIH.HeHHOro nporpaMMHpoBaHHH pemaeTCH 

MHOrOKpaTHO J.tO IlOJIHOH HTepaUHOHHOH cxo­

J.tHMOCTH BeKTopa ycTaHOBJieHHhIX MOIUHOC-

TeH Q(n,(ro,r),-r
1
(ro,r)) :mepro6JIOKOB. 

6. /IM 3aoaHH020 eeKmopa .MO.MeHJnoe t.1 u 

cjJuKcupoeaHHblX 3Ha'leHuii Q(niro,r}-riro,r)), 
x{transmlS) Q

0 

{transmlS) U Q
0 (c.o) peutaemCJI. 3Q(}Q-

'i/(~) ' 'II(~) :i: 

'la flUHeiiH020 npo2paA1MupoeaHUR, nonyqae­

MaH 3aMeHOH HHTerpanOB KBa)lpaTypHbIMH 

cpopMynaMH. Onpe.nemIIOTCH ITJiaH H JlBOHCT­

BeHHhie rrepeMeHHbie (MHO)KlfTeJTH JlarpaH­

)l(a) C JJOMOIUhlO KOTOphlX Bbl'-IHCJIHIOTCH l..{e­

Hbl OITTHMaJlhHOro ITJiaHa, B TOM qJ,fCJie H l{eHhl 

Ha npOJ.tYKUHIO. 

OnHCaHHaH OJJTHMH3aUHOHHaH MOJ.{eJib 

3HeproCHCTeMbJ H anropHTM OilTHMH3aL(HH pe­

aJIH30BaHbl B KOMilhIOTepHOM KOMITJleKce OJJ­

THMH3aUHOHHbIX nporpaMM (Ko.rte) "TOBAS" 

[2], Han11caHHOM Ha H3hIKe <I>opTPaH. 

3HeprocHCTeMa MO)KeT 6hITh BCero JIHlllh 

OJ.{HOH H3 llOJ.tCHCTeM ( OTpaCJiblO) B CJIO)KHOH 

CHCTeMe HapOJ.tHOfO X03HHCTBa CTPaHhl HJIH 

rpyrrnhT CTPaH, HJIH MHpOBOH 3KOHOMHt.J:eCKOH 

CHCTeMbl. B 3TOM cnyqae 3HeprocHCTeMa BhTC­

TyrraeT JlHmb B Kat.JeCTBe OJ.tHOro H3 6noKOB 

3a.r.tat.JH 6JioqHoro nporpaMMHpOBaHHH. 1-lTo6hI 

llOJiyqHTh OITTHMa.JlhHhIH nJiaH BCeR CHCTeMbl, 
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npH)leTCH )lenaTh YBH3KY Me)KL{y 6JIOKaMH ITO 

cpyttKUHHM cnpoca 11 ueH. ITp11 3TOM MOrYT co­

BIIa.r.taTb MOMeHThl BBO.r.ta 061,eKTOB B CMe)K­

HhIX 6noKax (mrn )la)Ke Hecoce.r.tHHX 6noKax). 

B 3TOM cnyqae MO)KHO .neikTBOBaTb orrpo6o­

BaHHbIMH npr1e~1aMH [5] anropHTMOB OIITHMH-

3au1111, BKJIJOLJajl OJJTHMH3aUHOHHblli ypoBeHb 

CLtHXp0HU3Ql/Ull MOMeHTOB BBOJ.{a 061,eKTOB . 

ECJIH B XOJJ,e OITTHMH3al.(11H npOH30II1Jia 

CHHXpOHil3aUHH HeCKOJlbKHX napaMeTPOB H3 

'-Il1CJia 9, TO J.taJTbHeHIJJyIO OilTHMH3aUHJO H~­

HO nepeCTPOHTh. Ha6op CHHXpOHH3HpOBaH­

I-lhlX napaMeTPOB HaJio paccMaTPHBaTb KaK 

OJ.tliH napaMeTp, H OITTHMH3al.(11IO no 3TOMY 

napaMeTPY BhIHeCTH 113 HTepamrnHHoro UHKJia 

YBH3bIBaHHJI cnpoca 11 ue1-1 (npoue.r.typhI cpeJI­

Hero ypOBHH B arrrop11TMe 6JIOt.JHOro nporpaM­

MHpOBaHHj{ ), noMeCTHB BhIIIIe 3Toro UHKJla, HO 

H11)Ke sepxHero ypOBIDl ( OIITHMH3aU11H B ue­

noqHcneHHOM npOCTPaHCTBe HMeH 061,eKTOB 

BCeH CHCTeMbI). 

TaKHx Ha6opoB CHHXpOHl13HpOBaHHbIX 

napaMeTPOB MO)KeT OKa3aThCH HeCKOJlbKO. B 

npoue.nype HH)l(Hero ypOBHj{ rrpH BbJqlfCJleHHH 

J3/ a,, npoH3BO)lHTCH npoBepKa, KOTOpaH 

MO)KeT noKa3aTb, qTo KaK011-n1-160 napaMeTP 

BhillleJI H3 Ha6opa, T.e. npoH3omna pacc1rn­

xpomnaUHH. TaKHM o6pa30M, Ha6op.bI CH.H­

xpOHH3HpoBaHHbIX napaMeTPOB MOrYT Me­

Hj{ThCH B XO.rte OilTHMH3au1rn 11 no KOJ111qecT­

BY, 11 no COCTaBy. 

5. IJ.eua 3Hepruu 

B COOTBeTCTBH11 C 061..QHM B3rJTHJ.tOM Ha 

ueHhI KaK Ha 1rnCTPYMeHT onTHMaJlhHoro rrna­

HHpoBaHHH [5] ueRy u(t) np0113BOJ.tCTBa CJTe­

.nyeT onpe.r.teIDITh KaK A1UHUAIGJlbHble 0OnOllHU­

mellbHble yoeJlbHble CUHXp0HHble 3K6U6a/leHm­

Hble 3ampambt Ha Bh1pa60TKY K MOMeHTY t 
6ecKOHetJHO Manoro KOJll14eCTBa .nonoJIHH­

TeJlhHOH npOJIYKUHH. 

CuHXp01mocmb 3aTpaT 03HaYaeT, qTo OHH 

.r.teJTaIOTCH B MOMeHT BhI.Ua4H CBepxnnaHOBOH 

npOJ.tYKUHH, a 3K6U8a/leHmH.0Cmb - 4TO 3TH 

3aTPaThl IIOCJie npHBe.r.teHIDI ysenwrnBaIOT 

cpyttKL(HOHaJI 3 TaK )Ke, KaK OH yBeJTH~JrnaeT­

Cjj Ha caMOM JieJie. 

MuH.UMa/lbHOCmb CJieJiyeT JJOHHMaTh TaK, 

4TO rrnaH, paHee ttenp1-1crroco6neHHhIH K Bbl-



pa60TKe .n.onOJIHHTeJihHOH npo.n.yY<UHH, nepe­

CTPaHBaeTCH onTHMaJlhHO Ha BCeM HHTepBaJJe 

OilTHt.laJJhHOro TIJiaHHpOBaHHH ( 0, T) . 
)],anee B pacc)')K)leHiurx npH Bhmo.n.e q>op­

MYJihI .ll.JIJI ueHhI JHeprnH BBe.n.eM ynpomeHHe: 

6y.n.eM cqHTaTb HOpM)' .D.HCKOHTHpOBaHHH Be­

JJH'illl!OH nocTomrnoii, T.e. p(t) = const = p . 

IlpoH3Be.n.eM Bap11aumo cnpoca 

qidcmand)(t,i) Ha JHeprmo npOH3B0JlbHOro BH.n.a 

i B OKpeCTHOCTH MOMeHTa t BpeMeHH, T.e. npo­

H3Be.n.eM Oqidcmand)(t i). B COOTBeTCTBHH C (19) 

HMeeM 
n 

s: (demand) (t ·) = ~ s: (demand) (t •) uqr. ,1 L..uq_ ,ro,1 . (27) 

C O.LrHOH CTOpOHhI, BapHaruur (27) npHBO­

.D.HT K BapHaUHH oB(O, i) npHBe.n.eHHOH Bbl­

pyqKH (nOJih3h1) 3a npo.n.aHH}'JO JHeprHIO BH.D.a 

i. BapHaUHIO )Ke npHBe.n.eHHOH Bblp)"iKH MO)K­

HO IIOJiyqHTb H3 ( 18) HJIH (21 ). C .n.pyroi,i CTO­

pOHhl, BapHauHH (27) rrpHBO.D.HT K BapHaUHH 

o3(duai) (tp, i) = o3(duai) (0,i) .D.BOHCTBeHHOro K OTI-

THMH3auHOHHOH 3a.n.aqe n. 4 cpyma.(HOHaJJa. 

O6e JTJ,f sapHaUHH oB(O,i) H o3(duall(o, i) 

- no CYTH O.D.Ha H Ta )Ke BeJJHqHHa, BblqHcJJeH­

HM pa3HbIMH cnoco6aMH. TaKHM o6pa30M, H3 

paBeHCTBa oB(O, i) = o3(dual) (O,i) IlOilhITaeMCH 

OThJCKaTb uetty JHeprHH. 

BapHaUHH oB(O,i) npHBe.n.eHHOH Bbipyq­

KH, Bhl3BaHHM BapHaUJieH (27) cnpoca, B co­

OTBeTCTBHH c (21) paBHa 
n 

oB(O,i) = IoB(O,ro,i) = 
w=O 

= t[J u(demancll(,, i)oqidcmand) (t, ro,i)e-pt dt ]. (28) 

,Ll;JIH .D.HCKpeTHOH OIITHMH3aUHOHHOH Jana­

qJ,[, Kor.n.a pacqeTHhIH HHTepBan (- oo ,T) spe-

MeHH pa36HBaeTCJI Ha KOHetJHoe qJ{CJIO, 6hITh 

M0)KeT, HeO.D.HHaK0BhIX IIO.D.bIHTepBaJJOB 

(tn-l ,t,, ) (MOMeHTbI tn-l , t,, - JTO COCe.D.HHe 

Y3Jlbl pa36HeHIDI Ha speMeHHOH OCH 

(- oo ,T) ), .D.JIH cnyqM tE (tn_, ,tJ sapHaqmo 

(28) MO)KHO 3arrHcaTb TaK: 

n n[ ~ l oB(n-l.n) (O,i) = ~oB(n-l,n) (O,ro,i) = ~ ,I, u(demand) (t ,i) o/t nnd) (t ,ro,i) e - pl dt . (29) 

O6o3Ha'lHM oucK01-unupoeaHHy 10 tfeHy 

JHeprHH Ha TIOJJ.bIHTepBaJie (tn-l ,tn) .ll.JIJI JHep-

rHH BH.D.a i KaK U{*).(demand).(n-l.n) (i) , a COOTBeTCT-

B}'JOill}'JO BapHaumo 8btnycKa JHeprHH, HMeH B 

BHJzy (27) H (29), KaK 
n 

s: {dcmand).(n-1.n)( •)-~ s: (dcmand).(n-1 .n)( •) um 1 -L..um ~I , (30) 

r .n.e 

,lJ;JJH 6eCKOHe'IJHO MaJIOH sapHarum 

Om(demancl).(n-1.n) (i) capaBe.D.JIHBO COOTHOllleHHe 

Q '· ~Is: .(demand) ( ")d =( - / )S: . (dcmand~(n-1.n)(/ ") L. uq I t ,ro,1 t ln n-l uq I ,1 , (32) 
co=O ,,._, 

TaK qTo 

om(demandMn-1.n)(i) = (tn - tn-1 ))t/~d).(n-l.n)(t,i).(33) 

IlonyqeHHbie CO0THOllleHHH (32) H (33) 
II03BOJIJIIOT .D.JIH ycnoBHH BbillleonHcaHHOH 

.ll.HCKpeTH3aUHH nepenHcan, (27) B BH.D.e 
n 

oqtmand).(n-1.n)(t ,i) = L oqidemand).(n-1.n)(, , ro,i). (34) 
w=O 

lfa onpe.n.eneHHH (20) cne.n.yeT, YTO 

Oqidcmand).(n-1,n)(t ' i) = om(demand),(n-1.n) (i). (35) 

Bhlpa)l(eHHe (29) .ll.JIJI sapHaUHH npHBe­

.neHHOH Bhlp)"iKH MO)l(HO JanHCaTb TaK: 

w=O 

Q 
= L u(' ).(demand),(n-1.n) (i) om(demand),(n-1.n) ( ro,i) = 

m=O 

n 
= u(' ),(dcmand).(n-1,n) (i) L 011/demand).(n-l.n) ( ro, i) = 

w=O 

= u(' ),(demand),(n-1,n) (i) onPemand).(n-1.n) (i). (36) 

BapHaUHH (27) cnpoca, npHBe.D,lllM s 

CBOI0 oqep e.D,b K sapHaUHH (30), (31) BhmycKa 

npO.UYJ<UHH, nopo)l()laeT sapHau mo oeoii.cm­

eeH1-t020 q>YffKUHOHana 3(dua1) . IlpH JTOM Me-
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w1eTcH npaaaR qacTb B ypaaHe1urnx nma (19): 
eCJ1H 3T.H ypaaHemrn npe,UCTaBHTb B KaHOHH­

'leCKOM BH,Ue, TO npaBOH 'laCTblO 6y.[{eT CBOH 

cao6o,uHhIH '!J1eH .[{JUI KIDK,UOro H3 ypaBHeHHH. 

l-lTo6bJ nonyqHTb Ha IIO.[{bIHTepaa.rre 

(t,,_, ,t/1 ) BpeMeH.H .[(J]H 3HeprHH BH.[{a i BapHa­

UHIO 8 3 (dual),(t1-l.n) (i) = 83(dual),(ll-l,n) (O,i) 060U-

Ctn6el-lH020 q:>yttKUHOHana, Hy')KHO no BCeM H3-

MeHHeMbIM npaBbIM '!aCTHM B YKa3aHHbIX 

ypaBHemui:x B3HTb (lfl2e6pau1.JeCKYIO cy MAty C 

MHO)KHTeJUIMH JlarpaH)Ka - ,llBOHCTBeillibIMH 

OUeHKaMH 11. i:w- •·")(i) (.UJJR ypaBHeIDUI THIIa 

(19)). Tor.ua .UJUI 83(dua1).(n- •. 11l (i) nonyqHM 

Bb1pa)Kem1e 

83{dual).(11-l,n)(i) = ,_~;w-1,11){()Sqidemand),(n-l .11)(t, i). (37) 

KaK y')Ke oTMe'!a.rrocb BhIIIIe, aap1-rnu1rn 

(36) 11 (37) - 3TO O.ll,Ha 11 Ta )Ke BeJIH':LHHa, BbI­

'IHCJieHHaH pa3HbIMH cnoco6aMH, T.e. cnpa­

Be.[{JIHBO TO)K.[{eCTBO 

◊8(11-l,nl(o,i) = ◊3(dual),(n-1,n) (i). (38) 

IlO.ll.CTaBmur B (38) npaBbie qacn1 Bbipa­

)KeHHH (36) u (37), nonyqHM 

u.(•).(demand).(n-l,11) (i) ◊m(demand).(n-1.n) (i) = 

= A (•).(11-l,11) ( ·) s:: (dcmand).(n-1.n) (t ') 
(l9) l uqr. , t 

HJIH C yqeTOM (35) 
U.(•),(demand),(n-1,n) (i) = 11.[;it-l,n) (i) . (39) 

B COOTBeTCTBHH C npHIDITbIM onpe.nene­

HMeM .D;HCKOHTHpoBaHHOH ueHbl 

u.(•),(clemand),(n- l,n) (i) Ha IlOllbIHTepaane (t,,_
1 

, (
11

) 

BpeMeHH 11 COOTHOllJeHHHMH (29) ... (31 ), (36) 
MO)KHO 3aIIHCaTb 

(•),(dcmand).(n-1.n) ( · ) (demand),(n-1,n) (t •) -pt 
U. 1=U. ,le 

,um1 t E (t,,_1 ,t,, ). ( 40) 

113 ( 40) CJie.ll,yeT, '!TO eCJIH .ll,HCKOHTHpo­

BaHHM UeHa 1_/•).(demand).(n-l,n) (i) 3Hepnrn BH.ll,a i 

Ha IlOllbIHTepaane (tn-1 ,t/1 ) eCTb BeJIH'IHHa 

IlOCTOHHHa.SI, TO UeHa u,(demand).(n-l.n) (t,i) 3TOH 

)Ke 3HeprHH B npOH3BOJibHblH MOMeHT t Bpe­

M eHH Ha 3TOM IlO.ll,bIHTepaane - 3KCIIOHeHUH-

Bbipa)KeHHe ( 40) MO)KHO nepen11caTb B 

y.no6HOM llJIH BbI'illCJieHHH BHlle 
(demand).(11-l,11) (t ·) = (•).(dcmand),(n-1,n) ( ') 

U. n-1 , I U. I , 

U(dcmand).(n-1.n) (t' i) = U.(•).(demand).(11-l.11) ( i) e(,-, •. 1 )p 

.l{JIH t 11 _ 1 < t < !11 • 

TaKHM o6pa30M, H3 llBOHCTBeHHoro pellle­

muI 3a.ll,a'IH JIHHeiittoro nporpaMMHpoaamrn 

.ll,JI.SI COOTIIOllleHHH ( 19) 6epyrcH MHO)l(HTeJJH 

JlarpamKa '-l~~?-'·"l(i) , KOTOpb1e B cooTBeTCT­

BMH c (39) paBHbl a6comOTHblM llHCKOHTHpO­

BaHHbIM D,eHaM u (•).(demand).(n-l,n) (i) . lfa ( 40) Ha-

XO.ll,HTC.SI ueHa 3Hepnrn )]JI.SI JIJ06oro MOMeHTa 

BpeMeHM t E (t
11

_ 1 ,t,, ). 
YmaepJ1coe11ue. 
B onmu.MaJ/bHOM nn.QHe 3Hep2ocucmeMbl 

Oll.R ll/06020 euOQ i 3Hep2uu u ll/06020 noobz1-1.­

m ep6(1JIQ (t
11

_ 1 ,t,, ) epeMe1-1.u, npu1-1.QOJle:J1CQL4e-

20 UHmep6aJlY (o , T) nJLQHUp06QHUR, OUCKOH­

mupOBQI-/.HClR tfeHa t.t.'*).(dcmand).(n-l,n) (i) 3nl020 6U­

OQ 3Hep2uu e 3Hep20cucmeMe pQBHQ oucKOH­

mupoeaHHoii. tfeHe U(•),(demand),(,,- l,n) ( 0), i) 3ln020 

:J/Ce euoa 3Hep2uu HQ npoU36011bHOU nllOL4QOKe 

w pa3Met4e1-1.UR e 3Hep 2oc ucmeMe, m.e. 
(•).(demand).(n-1,n) ( ' ) _ (•).(demand),(n-1 ,n) ( •) TX u 1 - u ro, 1 • nHa-

1.Je 2060pR, 6 onmUMQJlbHOM flJlQHe 3Hep 20 -

cucmeMbl oucKoHmupoBQHHble tfeHbl 

U.(•).(demand),(,,- l,n) ( Ol,i) 11/06020 6U0G i 3Hep2UU 

OllR 11106020 noobz1-1mep6(1JIQ (t,,_1 ,t11 ) epeMeHu 

HQ ecex flJlOU,QOKax w pQ3M et4e1-1.UR oouHQ­

KOBbl u pQBHbl ouc K01-1mupo6QH1-tou tfeHe 

l.J,(•).(demand),(,,-l,n) (i) 3tn020 :J/Ce 6U<JQ 3Hep2UU 6 

3Hep2o cucmeMe. 

IloKa)KeM cnpaae.ll,JIHBOCTb 3TOro yTBep)K­

lleHirn. IlycTb Ha Ka)K.[{OH nnoma.uKe w pa3Me­

memu1. B OilTHMaJibHOM nnaHe 3HeprOCMCTeMbl 

.lJ.IIH mo6oro BHlla i 3HeprHH H JIJ06oro IlOllbIH­

Tepaana (tn-1 ,t,, ) BpeMeHH HMeeTC.SI CBO.SI .ll.HC­

KOHTHpOBaHHM UeHa u (•).(dcmand).(n-t.n) ( w,i). 
TTpOM3Be,[{eM aapHaUHIO BHlla (27). Tor.na BbI­

pa)KeHMe (28) .l{JIH BapHaUHH 88(0,i) MO)KHO 

a.JlbHO H3MeHHJOIUa.!ICH BeJIH'I.MHa. nepeII.HCaTh TaK: 

OB ( O,i) = t OB ( 0, ro,i) = t [I u (""""' l (I, ro, i) 0 /:""""1 (t , ro,i) •-• dt] , a nwpru1<eH11e (29) -

B BH~e OB(,-<.•l (0,i) = t OBl•-•.•l ( 0,ro,i) = tU. " (-""l (t,ro,i) 0,/;'"""1{1,ro,i) •-• dt] . 
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llMe}I B BM.UY cnpaBe,llJIHBOCTb (30) ... (34), saeMoro cny•uur KaK 

nepenmueM Bhrpa)l{eHHe (36) .un» paccMaTI)H-
n n 

oB(n- 1.n) ( 0,i) = L 0B(n-l,11) ( O, ro, ;) = L LtJ,(dcmand),(11-l,n) ( ro,i) om(dcmand),(n-l,11) ( ro,i) ' r.ue 

w=O w=O 

1::B (11-l,n) (0 ') = (•).(dcmand),(n-l.11) ( ·) I:'. (demand).(n-1.n) ( ·) u , ro, 1 u ro, 1 um w, z . (41) 

BapHaUH}I )Ke ,llBOHCTBeHHOrO !p}'HKllHO- .uaeTC}I Bbipa)KeHHeM (3 7), npHLJ.eM (3 7) c yqe-

HaJia ,llJ]}I ypasHeHH}I THna (19) no-npe:>K.HeMy TOM (30) H (35) MO)KHO 3anHCaTb B BH,lle 
Q 

1::3 (dual},(n-l .n) ( •) = ~ (•),(n-l,11) ( •) s: (demand),(n-1,n) ( •) = ~ (•),(n-1,n) ( •)~ I:'. (dcmand).(11-l.n) ( ') = 
U I /\,(19) l um I /\,(19) 1 Lium W , l 

w=O 
n n 

= L 1c[;w-l.n) (i) om(demand),(n-l,11) ( ro, i) = L o 3 (dua1),(11-l,11) ( ro,i) ' r.ue 

w=O w=O 

o3(dua!),(n- 1,n) ( ro, i) = o3(dual},(n-1 ,n) ( 0, ro, i) = 1c[;l·t'·") ( i) on/demand),(n-1,n) ( ro, i) . ( 42) 

H_3 (38) cne,uyeT, LJ.TO HUKHOBeHu5l oono1mumeJLbH020 cnpoca (3aKa-
n ( l n ( l ( l 3a) Ha n'PoOyK11u10 cmaHoeumc5l 6e3pa3JLu•-mo, 
~ 08 ll-l,n (O, w,i) = ~ o3 dual . n-l,n (w,i). (43) .,. 
Li Li KaKou nJ/OUfaOKe nopy11umb BbtnOJLHeHue 3,no-
w=O w=O 

IlOCKOJlbKY sapHaUH}I (27) BbI3bIBaeT Ha 

npOH3BOJibHOH IlJIOIUa)lKe (l) pa3MemeHH.H sa­

pHaUHIO <>qidemand) (t,ro,i) H, KaK CJie,llCTBHe H3 

(31), BapHaUHJO om(demand),{n-l,n'(ro,i) , TO H3 (43) 

cne.uyeT 

oB(n-1,n) (0,w,i) = o3(dual),{n- 1,n) ( ro, i) . (44) 

llHaqe roBopR, rocrro.ucrnyeT npHHUHn: 

BblpYLJ.Ka 3a e,UHHHUY IIpOH3Be,UeHHOH )lOilOJI-

HHTeJibHOH rrpO,ll}'KUHH Ha rrpOH3BOJibHOH 

rrrroma.uKe (!) pa3MeIUeHH.H npHIIHCbIBaeTC}I Ha 

ctJeT 3TOH )KC nnoma,UKH ro, r,ue H 6hmH rrpo­

H3Be,ueHbI 3a1'paTbl Ha IIpOH3BO,llCTBO '.HOH 

e,lll-lH.Hl{bl )lOIIOJIHHTCJibHOli npO,ll)'KU}lli. Tor)].a 

H3 (44) c YLJ.CTOM (41) H (42) crre.uyeT 
(•),(demand},(n- 1,n) ( •) I:'. (demand},(n-1,n) ( •)-

U ro,1 um 00, 1 -

_ ~ (•),(n- 1,n) ( ") s: {demand),(n-1,n) ( ") 
- /\,(19) I um ro, I HJlH 

u (' ),(demand),(n-1,n) (ro i) = A, (' ),(n-1,n) (i) 
' (19) . (45) 

CpaBHHBa.H ( 45) H (39), npHXO,llHM K Bbl-

80,ll}', 'ITO 
(•),(dcmand},(n-1,n) ( •)- (• ),(demand),(n-1,n) ( •) 

U I - U W, l , 

TeM caMbIM IlOKa3aH0, qTo Yrnep)K,llCHHe 

cnpase,llJIHBO. 

3aMeTHM, tJTO YmaepJ1cOe11ue HMeeT CBO­

HM CJie)lCTBHeM TOT <paKT, tJTO ,llHCKOHTHpO­

BaHHa.H UCHa u (•).(demand),(n-l.n) (i) 3HCprHH BH)la i 

MO)KeT 6hITb pacctJHTaHa c nOMOIUbIO MHO)KH­

Terreif JlarpaH)Ka, rrorryqeHHhIX ,n:JI» mo6oi1 

nrroma.uKH ro, T.e. no J].aHHhIM perneHH» JJ.BOH­

CTBeHHoii OITTHMH3aUHOHHOH 3aJ].atJH ,L{Jl}I npo­

H3B0JibHOH nrroma.llKH ro. O,nHHaKOBOCTb ,L{HC­

l<0HTHposaHHbIX ueH Ha 3Heprmo BH,na i Ha 

Bcex nrroma.LlKax 03HaqaeT, tJT0 B cJ1y 11ae B03-

20 3aKa3a (eCJLu mOJLbKO Ha nllOUfaOKe BblnOll­
HeHue 3QKa3a qJU3U'leCKU B03MO;JICH0 ). 

3KOllOMU'leCKUU 3</JqJeKm (B BUOe 3KOHO­
MUU UJlU npu6w1u) 6y oem OOUHQKOB Oll5l Jll0-
6ou n11ot4a0Ku ro. 3mo cnpaeeoJLueo u B cJ1.y -
11ae nepeHaCblUfeml5l pbLHKa npOOYKtfUeU: 
cmaHOBUmCR 6e3pa3llU'IHO, Kary,o U3 nll.OUfa­
OOK cJLeoyem pa:12py3umb B nepey10 011ep eOb. 

HanOMHHM, tJTO rronyqeHHblli pe3}'JibTaT-

cnpaBe,umm B npe,unoJI0)KeHHH, tJT0 

p(t)=const = p. 

3aKJiro'leHHe 

OnncaHHbIH !p)'HKllHOHaJI H arrropHTM o n ­

THMH3aUHH Hap».LlY C CHCTCMOH orpamr'leHHH 

[ 4] CJI}')KaT MaTeMaTHtJeCKOH M0,lleJibIO 0ilTH­

MH3auHH 3HeprOCHCTCMbI ,llJI}I BB0J].a 3Hepro-

6JIOKOB B 3KcnrryaTaU}IIO, peaJIH30BaHHOli KaK 

COCTaBHM qacTb HaIIHCaHHOro Ha <l>OpTI)aHe 

K0MITbIOTepHoro KOMITJieKca OIITHMH3aUHOH­

HbIX nporpaMM (KoJJ.a) TOBAS [2]. C noMo­

IUhIO 3TOH MOJ].eJIH BbIIT0JJHeHbI pacqeTbI II0 

onpeJJ.eJieHHIO KOHKypeHTOCITOC06HOCTH 5.13Y 

B cpaBHeHHH C 3HeproyCTaH0BKaMH (3Y) Ha 

yrrre H npHpO,llH0M ra3e, a TaK)l{C OUCHKH BbI­

r0,llHOCTH 3aMKH}'TOro }l,llepHoro T0IIJIHBHOro 

UHKJia (5.ITU:) B cpaBHCHHH C OTKpbITbIM ,llJI.H 

ycrrOBHH PocCHH. OueHKH c.uenaHbl Ha OCHOBe 

HCXO)lHblX .llaHHblX pa60TbI [6] - Me)K,llHCI..Uill­

mrnapHoro Hccrre.uosaHH}I MaccaqyceTcKor o 

TeXH0JI0fHtJec Koro HHCTHT}'Ta, ITOCB»IUCHH0r o 

6y,uymeMy ».uepH0H :mepreTHKH. 

OIITHMH3aUHOHHbie pacqeTbl n0Ka3aJIH , 

tJTO KOHKypeHTOCilOC06HOCTb 5.I3 Y Bblllle 

TaKOBOH JJ,JI» yronhHhIX 3Y 11 s1,1rne HnH paBHa 
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TaKOBOH mm: 3Y Ha npHpOJlHOM ra:Je, a JaMK­

ttyrbIH .51TU. C yqeTOM }1Hana30Ha Heonpe]le­

neHHOCTH HCXOJlHb!X )laHHbTX BbU-O)leH )],ml 

Poccmt. BbITO)lHOCTb .51Tl..J, pacTeT no Mepe 

pocTa KanHTana aKu;HoHepuoro o6mecrna, Ky­

na 011 CHCTeMHO BXO)],HT, H )],OCTHraeT MaKCH­

MyMa Jlllil enrrnoro H o.n,Horo aKUHOHepttoro 

o6mecrna, KaKOBbIM MO)KeT 6bITb BC}! CTpaHa 

Pocc1rn. 

Ecmf pecypCbl KOMTibIOTepa TI03BOmIIOT 

neTanbHO ccpopMHpoBaTb OIITHMH3aI.J;HOHHyi<) 

MO)leJib 3HeprocHCTeMbI (ttanpHMep, Eaponbl 

HJIH Pocc1rn), TO HMeeTC}I B03M0)KHOCTb pe­

WHTb 3a)la'-ly cpa3y, B O,llHH npHeM. HHa'-le, 

MO,lleJib 3HeprOCHCTeMbI, HanpHMep, Poccirn 

MO)KeT 6bITb paC'-!JieHeHa Ha perHOHa.JlbHble 

3HeprOCHCTeMbI (B MO,lleJIH - 3TO nnomanKH 

HJIH o6'be,llHHemrn IlJIOlU3JlOK pa3Memem111 

3Hepro6JIOKOB). PernoHanbHbie 3HeprocHCTe­

MbJ MOryr 6bITb onTHMH3Hp0B3Hbl no e)lHHO­

MY KpHTep1110 Jlllil :meproc11cTeMbI Poccm-1, 

acnencTBHe qero 6yneT HaiineH emrnhIH co­

rnacoaaHHbIH onTHManbHbIH nnaH 3HeprocHC­

TeMbJ PoccHH. 

PerHOHanbHbie 3HeprocHCTeMbI MOryr 

6bITb onTHMH3Hp0B3HbI H no CBOHM perHO­

HanbHbIM KpHTepH}IM, cornacoBaHHbIM C e)lH­

HbIM KpHTepHeM 3HeproCHCTeMbl PocCHH, noc­

ne ciero IIJiaHbl perHOHanbHbIX 3HeprOCHCTeM 

JlOJI)KHbI ya}l3b!BaTbC.R: B HTepaUH.R:X. B 3TOM 

cnyqae, KaK nOKa3bIBaeT OilbIT pac'-leTOB [5] 
perHOHanbHbie JIOKanbHO-OTITHManbHbie nna­

Hbl Moryr ,llaTb xopolllHH cornacoaaHHbIH 

( c6anaHCHpoBaHHblH) Me)KJJ,y pernoHanbHbIMH 

3HeproCHCTeMaMH nJiaH, KOTOpblH 0,AHaKO MO­

)KeT He coanaCTb C onTHManbHbIM nnaHOM 

3HeproCH:cTeMbI Pocc1rn. IlonyqttTb onTH­

ManbHbIH nnaH 3HeproCHCTeMbI PocCHH (B 

CMblCJie e,llHHOro KpHTepH}I) TaKHM o6pa30M 

MO)KHO, eCJIH nponeJibIBaTb 3TY onTHMH3au;H­

OHHyi<) npoue,llypy H3 pa3mi'-lHblX uaqanbHblX 

TOl!eK (113 pa3HblX 6a3HCOB). 

KaqecTBO onTHManbHOro nJiaHa pa3BHTlrn 

3HeprOCHCTeMbl 3aBHCHT OT BH)la e}lHHOTO 

KpHTepH}I npHIDITH}I pellleHIDL Ecm1 o6mecT­

BO HMeeT OC03HaHHyIO 1.(eJib CBOero pa3BHTH}I, 

TO B ero 3cpcpeKTHBHOH 3KOHOMHKe KpHTepHH 

n pHH}ITH}I peweHHH JlOJI)KeH 6bITb e)lHHbIM 11 

c orrracoBaHHbIM co BCeMH no)lpa3)leJieHH}IMH 

o 6mecrna. 

J1Jo6oe nonpa3.ueneHHe o6mecrna }IBMeT­

C}I .UHHaMHqecKOH CHCTeMOH, no.u OIITHManb-
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HbJM noae.uemi:eM (crpaTernei-%) Kornpou no­

HHMaeTC}I IIOBe}leH11e, He Hapywa10mee 33KO­

HOB coxpaHeHH}I H apyrHX HaKJia,llbIBaeMbIX 

)KJ13HbIO orpaHH'-lemri-%, 06ecne'-!11aa10mee 

MQl{CUAtQJlbl-lbll-; ypoeeHb :J/CU31-lU JllOOeu 3TOH 

CHCTeMbI. YpoaeHb )KH3HH BKJIIOtJaeT B ce65i 

Ka 11ecmeo JICllJJtu u ee 6e3onac1-1ocmb. 
MaKCHM H3HpOB3Tb ypoBeHb )KH3HH - 3Ha­

~rnT JIOCT3BHTb MaKCHMyM yttHBepcanbHOH ue­

JieBOH cpyttKI.(HH - npHBe}leHHOH (HJIH, HHa'-le, 

JlliCKOHTHpOBaHHOH) rrpH6bIJIH 3TOH CHCTeMbl 

(T.e. rrpJ,iBe)leHHOH rrp116brn11, BbPIHCJieHHOH B 

ueHax onTHMaJibHOro nnaHa) B ycJIOBH.R:X yno­

M}!HyrblX BbIIIIe orpaHH'-leHHH Ha 6ecKOHetJ­

HOM HHTepaane TIJiaHHpOBaHmr. 

TiocKOJibKY pewemi:e rrpHXO}lHTC}I npHHH­

MaTb B ycnOBm!X HenoJIHOTbI HHcpopMHpoBaH­

HOCTH, TO TeopH}I fOBOpHT O KpHTepHH MaKCH­

r.unauHH MaTeMaTH'-leCKoro O)KHJlaHH}I npHBe­

.n,eHHOH npH6blJIH. IlOJlXO,llbl K OIITHMH33UHH 

CHCTeM IIO TaKOMY KpHTepHIO ]laHbl a [5]. 
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IlpaBUJia o<t>opMJieHUH CTaTeii 

TipH IlO)J.fOTOBKe eTaThH B e6opHHK aBTOp JJ,OJDKeH p)'KOBOJJ,eTBOBaTbe.sI eTaHJJ.apTOM 

"OpttnrnaJihI aBTopeKHe H TeKeTOBhie H3JJ.aTeJiheKHe" (OCT 29.115 - 88). K aBTopeK11M 

opIITHHaJiaM, nepeJJ,aBaeMblM )J.JHI H3JJ,aHHH, npeJJ.'bHBJIHJOTeH eJieJJ,yrourne rpe6oBamUI: 

1. 3K3eMrrmrp eTaThH JJ.OJI)KeH 6bJTh nepBbIM, OTITetJaTaH Ha OJJ.HOH eTopoHe JIHeTa QJOpMaTa A4 

mpml>TOM .N'!! 12 qepeJ 2 HHTepBaJia. CTaThH JJ.OJI»rna 6bITb eoeTaBJietta B eneJJ,y1omeM nopHJJ.Ke: 

HHJJ,eKe Y,[{K; JarJJaBHe; HHHU.HaJlbl H (j>aMHJIHH 3BT0poe; MeCT0 pa60Thl KajK){0ro aBTOpa C 

n0'-IT0BblM a.upecoM; aHU0TaU.HH (He 6onee 10 CTpoK); KJIIO'-leBhle CJI0Ba Bee 

BhIUienepe"IBeJieHHOe Ha pyccK0M u aurmtiiCKOM SIJblKax; TeKeT; enHeOK JIHTepaTyphr; Ta6mm,hr; 

pHeyHKH; ITOJJ.pHeyttOlJHbie IIOJJ.IlHeH (Ha OTJJ,eJlbHOM JIHeTe). 

2. CTaTbH JJ.OJI)l(Ha TaK)Ke rrpeJJ,oeTaBJUITheH o6H3aTeJihHO B BH,ue :meKTp0HHOH BepCHH 

o6bl'-IHblM rnpu(j>TOM .N!! 12 Times New Roman, MejK)lyCTpO'-IHblii HHTepB3JI - O,UHHapHblH, B 

peJJ.aKTOpe Word 97 J,JJ]J,J 60J1ee II03JJ.HHX BepeHH. TeKeT He cpopMarnpyeTe.sI , B KatJeerne HMeHH 

cpaiina HeIJOJib3YeTe.sI <DMO nepBoro aBTopa eTaTbH. KaBbl'-IKH B TeKeTe eTaBITTeH npH aHrJIHHCKOii 

pacKJia,UKe KJlaBHaTyphl (" •. "). 

3. Co.n:ep)Kamre eTaTbH .LI:OJDKHO 6bITb KpaTKHM H tJeTKHM. J1CKJI101.JaJOTeH o6mHe paec~eHHH, 

H3BeCTHhJe IlOJlO)KeHmL He .norrycKaeTCH .ny6m1poBaHHe MaTepHaIIa B TeKCTe, Ta6JJHIJ,ax, 

no.n:pHCyHOlJHhIX HaJJ,nHeHX. Heo6XOJJ.HMO eo6mo,naTb eJJ,HH006pa3He B HarrHeaHHH TepMHHOB, 

HaHMeHOBaHHH QJH3HtJeeKHX BeJIH'IHH H e,nHHHU H3MepeHH.H, ycJJOBHblX o6o3HatJeHHH, eoKpaI.QeHHH, 

eHMBOJIOB. Ha11MeHOBamu1 H o603HatJeHHH e)J.HHHU QJH3H'leeKHX BeJIHlJHH Heo6XOJJ.HMO rrpHBO.UHTb B 

eHcTeMe CM. 

Heo6XOJJ.HMO o6pamaTb BHHMamre Ha Hanucaune nponHCHblX n CTp0'IHblX 6yKB: pyccKHe n 

rpe'-lecKne 6yKBbI (a, p, y, q, n T.,n.) ua6npa10Tcst npHMo, a JiaTHHCKHe (x, y, z, w n T.,n.) -
KypcHB0M. Te )Ke rpe6oBaHH.H B 0603Ha1.JeHH.HX HY)KHO eo6JIJOJJ,aTb npH HaIIHCaHHH HH)J,eKCOB If 

eTeneHei-i B QJOpMynax. O6oJHal.feHHSI MaTpHU. " BeKTopoB na6Hp310TCSI nony,KHpHbIM 

mpH(j>TOM npstM0. <DopMyJJhI, BKJIJOtJeHHble B TeKeT, eJie.[(yeT Ha611paTh 6e3 yaeJIHtJeHH.sl HHTepBaIIa 

Me)KJJ.Y crpoKaMH, Hanp11Mep bid, exp(x/ e). 

4. Ta6JIHUbI HYMepyroTCH, KajK)laSI Ta61111u.a .U0Jl,KHa HMeTb JaroJI0B0K. CoKpameHH.H B 

rpacjJax Ta6JIHII,hI He .norrycKaJOTC.sI. B TeKeTe Heo6XOJJ.HMhI eCblJlKH Ha Bee ra6mJIJ,bl. KajK)laH 

Ta6JIHUa ne'-laTaeTCSI na OT,UeJibHOM JIHCTe, a B 3JleKTp0HH0M BH,Ue npe.ncTaBJIHeTCSI B 

0T,UeJibH0M (j>aiine. 

5. <DopMyJihl H 6)'KBeHHbie o603HatJeHH.H BeJJHlJHH )J.0Jl)l(Hbl 6hITh pa3Me'leHbJ H cpa3y 

paeUIH!ppoBaHhl. <l>opMyJJhl HYMepyroTe.sI apa6CKHMH umppaMH, HOMep eTaBHTe.sI e npaBOH eTOpOHbI 

JlHCTa B KpyrJJhIX eK06KaX. HyMepoeaTb CJie,nyeT T0JlbK0 Te (j>opMyJibl H ypaeHeHHH, Ha 

K0T0pble eCTb CCblJIKa B IIOCJ1e.ny10weM HJJI0,KeHHH. <l>opMyJJhl BhlllOJIHHIOTCH B pe,naKTOpax 

I I 
Equation 3.0 HJIH MathType npH HeB03MO)KHOeTH Ha6opa Ha KJiaBHaType (x; ,y;, ,-Fx":f x,- H T.JJ..). 

0 y 

Ilo.nerpotJHbie If ua.nerpotJHbie HH.LI:eKCbl BBOJJ.HTe5I e KJiaBHaTypbl (x3, KM
2 

H T.,n:. ) , rpeqecKHe 6YKBbI 

BCTaBmuoTCH 1.Jepe3 MeHJO B c maBKa ➔ CUMB0 11. 

6. B TeKCTe eTaThH pHCyHOK o6xJaTeJibHO npe.ueTaBJIHeTeH Ha OT)J.eJibHOM JlHCTe cpopMaTa He 

60J1ee A4. Ha pHeyttKax .nonycKaeTeH MHHHMaJibHOe 1.JHCJ10 o6o3HatJeHHH - KpaTKHe UHQJpOBbie (no 

rropHJJ.KY HOMepoB eJieBa HanpaBO HJll1 no q aeoBOH eTpenKe) HJIH 6)'KBeHHbie o603HatJeHHH. Bee 

IIOHCHeHHH BbIHOCHTCH a no,npHeyttOlJHbie IIOJJ.IlHCH. Ha o6opoTe Ka)KJJ.Oro pHeyttKa )'Ka3bIBaJOTC5I 

cjJaMHJlMH aBTOpOB, Ha3BaHHe eTaTbH, HOMep pHeyttKa , 060JHa1.Jemrn Bepxa H Hl13a. BHyrpeHHHe 

Ha,UUHCH Ha pncyHKax ua6Hpa10TCH illpH(l>TOM .N!! 11. BHH3Y Ka)K,UOro pHeyttKa )J.0Jl)KHb1 6bITb 
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npirne.n,eHbJ ero HOMep H no.upucy11o~rnaH 00,UDHCL mpmt,TOM .N"!! 11. IlpH HaJlH1IBH HeCKOJibKHX 

pa3JIH'-IHbIX rpacjmKOB Ha 0,l],HOM pHCYJIKe KIDK,l],blH H3 HHX o603Hat.JaeTCH pyccKHMH 6YKBaMH a), 6), 

B) 11 T.,l],. H pacrnmppOBhIBaeTCH. 

B KOMDLIOTep HOM BH,Ue pucymrn npe,UCT3BJIHIOTCH B OT,lJ,eJibHhlX cJ>auJiax, BbITI0JIHeHHbie B 

rpaqrnt:tecKHx pe.n,aKT0pax Paint, PhotoShop, Core/Draw B qepHo-6e110M U:BeTe (cpornrpacpHH B 

paCTP0B0M cpopMaTe tif, dpi-300). PHCYJIKH s Word He BCTaBJIHTb Kp0Me CJiyqaeB, Kor.n,a pHCYJI0K 

H3Hat.JanbHO BhlilOJIHeH B Word. 

7. CchlJIKH Ha JJHTepaTypy B TeKCTe .n,aIOTCH no nopH.n,Ky apa6CKHMH U:H<ppaMH B KBa.u.paTHhlX 

CK06Kax. CnHCOK JIHTeparypbl COCTaBJIHeTCH B TOH iKe DOCJie,UOBaTeJibHOCTH, B KOTOpoii 

npHBOJJ,HTCH CChl JIKH Ha JIHTeparypy. ct>aMHJIIDI H HHHU:HaJlbl aBTOpOB Ha6HpaIOTCH II0JI)')KHpHbIM 

KypCHB0M. 

8. CITHCOK JIHTepaTypbI CJie.n,yeT ocpopMJIHTb B C00TBeTCTBHH c rocy.n,apcTBeHHbIM CTaH.n,apTOM 

"EH6JIHOrpacpH1IeCKM CCbIJIKa" (fOCT P 7 .0.5-2008), s qacTHOCTH, Heo6XO,UHMO YKaJaTb : 

a) ,ll,JIH )KYPHaJibHbIX CTaTei:i - cpaMHJIHH H HHHU:HaJlhI aBTOpOB (He MeHee TPeX nepBbIX), 

HaJBaHHe CTaTbH, HaJBaHHe )KypHana (6e3 KaBI,JqeK), ro.u, TOM, BbITIYCK, H0Mep, CTpaHHU:bI; 

6) ,l],JIH KHHr - cpaMHJIHH H HHHu:HaJlhl aBTOpOB, IlOJIH0e HaJBaHHe KHHrH, MeCTO H3.n,amur, 

H3,lJ,aTeJibCTBO (6e3 KaBblt:teK), ro.n, H3.n,amui:; 

B) ,l],JIH asrnpecpepaTOB ,l],HCCepTau:Hii - cpaMHJIHIO H HHHu:HaJlbl asrnpa, HaJBaHHe aBTopecpepaTa 

,ll,HCCepTaUJ•IH, Ha COHCKaHHe KaKOH yqeHOH CTeneHH HaJIHcaHa ,lJ,HCCepTaUHH, MeCTO H ro.n, 3aIUHTbI; 

r) ,l],JIH rrperrpHHTOB - cpaMHJUUf H HHHU:HaJlbl aBT0p0B, HaJBaHHe rrperrpHHTa, HaHMeH0BaHHe 

H3,l],aIOmeH opraHHJau:m-1, nrncpp H HOMep, MeCTO H ro,n: H3,lJ,aHJ-I.JI; 

.n,) ,l],JIH naTeHTOB - cpaMHJIHH H HHHUHaJibl aBTOp0B, HaJBaHHe naTeHTa, CTPaHy, HOMep H KJiacc 

rraTeHTa, .n,aTy H ro.n, 3MBJieHHH H orry6JIHKOBaHHH rraTeHTa; 

e) ,l],JIH 0TqeTOB - cpaMHJIHH H HHHU:HaJlb] aBT0p0B, HaJBaHHe OTqeTa, HHBeHTapHblH N~, 
HaHMeHOBamie opraHH3aU:KH, ro.n, BblilYCKa; 

)K) ,UJIH lJieKYpOHHhlX HCTO'IHHKOB - DOJIHhlH lJieKTpOHHhlH aJJ,pec (BKJIIO'l3H JJ.3TY 

o6pameHHH K HCTO'IHHKY), II03BOJIHIOIUHH o6paTHThCH K rry6JIHKaUHH. 

9. B KOHUe TeKCTa }'I<aJblBaeTCH KOHTaKTHM HHcpOpMaUHH 06 aBTOpax CTaThH: cpaMHJIHH, HMH H 

OTqecTBO (rrOJIHOCTbIO), ,lJ,0JI)KH0CTh, TenecpoH, e-mail H no )KeJiaHHIO aBTOpa - L{OMaIIIHHH noqTQBblli 

a.z:{pec. 
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YTO'IHeHHaH HHd>OpMaUHH JlJlH 'IHT3TeJieH. 

uay-..1-10-TeXHH'leCKOro c6opHHKa 

"BonpOCLI aTOMHOH nayKH H TeXHHKH, CepnH: <l>HJHKa H,llepHblX pea1cropos"! 

Pe,uKOJJJJenui: c6opH11Ka "BART. Cep. <l>H3HI<a 5!,D;epHbIX peaKTopos" 1rncpopMHpyeT asTO­

pos H crnrnTeJJeH c6opnHI<a 06 opramnaUJ.fH no,llIIHCKH na "BAHT. Cep. <l>H3HKa .s1,llepnhrx. pe­

aKTopos". IJO)lITHCHhie HH)leKChI OAO AreHTCTBO "PocneqaTh": 66675 co II ITOJJyrO)lH..ll 2007 

r. s KaTaJJore "Ifa.n,aHHH opraHOB Hayqno-Texm1qecKOH HH(pOpMaru,m" H 32067 c 2010 r. s Ka­

TaJJore "faJeThI. )KypHam,1". 

HarroMHHaeM, '-:ITO "BAHT. Cep. <l>H3HKa H.n,epHhIX peaKTopoB" no-npe)l<HeMy 113.n;aeTCH B 

TPeX BhlilYCKax: <l>H3HKa H MeTO,Ubl pac'-:leTa .s1.n;epHhIX peaKTOpOB, .ll:HHaMHKa H 6e30IIaCHOCTI, 

H,llepm.1x :rnepreTHqecKHX ycTaHOBOK H HMTIYlli>CHhie peaKTOphl H rrpOCThie KpHTHqecKHe 

c6opKH. 

I1pH3hIBaeM 3aHHTepecosaHHbIX crreuHaJJH.CTOB no.n,.n,ep)l(aTh aKTHBHOH TIO.n;ITHCKOH c6op­

HHK "BAHT. CepH.ll: <l>H3HKa .ll)lepHbIX peaKTopos". 

BOIIPOChI ATOMHOH HAYKO: 0: TEXHHKH 

C e p H ll: <l>H3HKa H)lepHblX peaKTopoB 

BLmycK 1 

Orne-rcrneHHbIH 3a BbinycK C.M. 3apunKnii 
(Ten./cpaKc: (499) 196-71-98, e-mail: zaritsky@adis.vver.kiae.ru) 

Pe.n.aKTop B.B. Ihe.rmn 
(Ten./cpaKc: (499) 196-99-44, e-mail: pcbelin@adis.vver.kiae.ru) 

nollnHcaHo e ne4aTb 22.03.11. <l>opMaT 70x108/16 
neYaTh ocpceTHaH. Yen. neY. n. 14,5. Y4.-H3Jl. n. 16,0. THpa>K 250. l-1HlleKc 3646. 11 cTaTei1. 3aKa3 27 

OTne•IaTaHO B HaUHOHaJJbHOM HCCJle.llOBaTeJlbCKOM ueHTPe ''Kyp4aTOBCKHH HHCTHTYT" 
123182, MocKBa, n11. AKa.neMHKa KypYarnaa I 
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