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YUK 621.039.5 

BbmycKH <<<l>H3HKa H MeTO,li;bl pac4eTa SJ,n:epHbIX peaKTOpoB>> 

no.I(r()TaBmma10TCSJ PoccHHCKHM uay4Hhl.M u,euTpOM «Kyp1IaTOBCKHH HHCTHTYT» 

H paaee BblXO,!i;HJill B COCTaBe cepIDI «Cl>H3m<a H TeXHHKa SJ,n:epm.r.x peaKTOpOB». 

UaHH1>rii BblIIYCK TpH.n:u,aTb tJeTBepThlH. 

Pe,ll.aKU.HOHHaB KOJ1J1erHB cep1111: 

A.JO. rarapHBCKHH (maBHhIH pe,naKTop), C.M. 3apm:i;KB.H (3aM. maBHoro pe,n:aKTopa), 

B.<I>. KonecoB, C.Il. MaJIKHH, B.Il. CaaccKOB, E.A. CTapocrHHa (0TB. ceKpeTapb). 

B cep1111 «<l>i,1a11Ka 11 MeTO)lbl pac'leTa Sl)lepHblX peaKTOpoe• ny6JtHKY10TCSI MaTep11aJibl no CJleJzylOIL\11M eon­

pocaM: 

- Teop1111 11 MeTO)lbl pac'lera Sl)lepHblX peaKTopoe, 6naHxeTOB TepMOSl)lepHblX peaKTOpoe, pa)l11at.tl10HHOH 
3all.\11Tbl, nepeHoca 113Jl)"let-111i:i; 

- npo6neMbl 06ecne'1e111111 pac'leTHblX l1 :JKCnep11MeHTaJ1bHblX 11CCJle)lOBaHl1H nporpaMMaM11 JlJlSI 3BM; on11-
caHHSI 11 aHHOTa!.tl111 nporpaMM, KOMnJteKCOB 11 Cl1CTeM nporpaMM; 

- pac'leTHhle 11cCJ1e)lOBat-111S1 no cj)l1311Ke SIJlepHblX peaKTOpoe, 6naHKeTOB TepMOSIAepHblX peaKTOpoe, pa)l11-
at.tl10HHOl1 3all.\11Tbl, nepeHOCa 113Jly•1eH11H; HCCJle)lOBaHH!I OT)leJtbHblX acneKTOB pa3Bl1Tl1!1 Sl)lepHOH 3HepreTHK11; 

- :JKCnep11Met-1TaJ1bHble MeTOAbl 11 :JKCnep11MeHTaJ1bHble 11CCJleAOBaHl1SI no cj)11311Ke Sl)lepHblX peaKTOpoe 11 8 
nepe•111CJ1eHHblX CMe)KHblX o6naCT!IX ; 

- MaTeMaTH'lecK11e npo6neMM Teop1111 nepeHoca 11 Teop1rn peaKTopoe. 

MaTep11aJJbl AJISI ony6nHKOBaHl1SI cne,11;yeT HanpaBJISITb B POCCl1HCKHH Hay<mblH t.teHT}) «Kyp'laTOBCKl1H 11H­
cntryT* Ha 11M11 r11anuoro peJtaKTopa cep1-111. 

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

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

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

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

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

- mathematical problems of transport and nuclear reactor theory. 
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Y,ll,K 621.039 

U:MKJIJ1 q£CKJ10. PE)KJ1M TP AH CMYTAU:MM 
MJIA,il,illMX AKTMHM,il,OB B T.sl)KEJIOBO,il,HOM PEAKTOPE 

A.C. I'epacu.Mo<J, T.C. 3aput~Kwi, I'.B. Kuce1ie01 JI.A. MbtPU,bt.Moaa, 
I'Hll, P<P HT3(JJ, 117259, MocKaa, E. C/epe.MyUlKUHCKan, 25 

Pacc•111Ta1-1h1 xapaKTep11cn1KH npou.ecca Tpa1-1cMyrn~1111 aMep11~11si H K10p11si 113 oTpa6ornowero si.nep11oro 
TOnm10a D TSl>KeJJODOJIHOM peaKTOpe D Te•1em1e nepoblX IO KaMna1-1~1r1 11 np11 Bb!XO):le D paonouec11b1r1 pc>KHM. 

MULTICYCLE MODE OF MI OR ACTINIDE TRAl SMUTATJO IN HEAVY-WATER REACTOR. 
A.S GERASIMOV, T.S. ZARITSKAYA, G.V. KISELEV, L.A. MYRTSYMOVA. Parameters of the process of 
americium and curium transmutation in heavy-water reactor are calculated for the first IO fuel lifetimes and for 
equilibrium mode of transmutation. 

BBEJ],EHME 

TpaHCMyTaU.HSI. BblCOKOaKTJ1BHblX MJWJlWl1X aKTHHHJlOB H npO.AYKTOB JI.CJJCHHSI H3 OT­

pa6on1Bmero s11~epttoro Tonmrna nossoJrneT o6JJcrLIHTb peweHJ-1e rrpo6neMbt oKOHttaTCJlhttoro 

saxopotteHHSI Jl.OJIC'O)l<HBYlll,HX pa,!JJ103KTRBHblX OTXOJlOB. TpaHCMyTaU,HSI MO)KeT ocy11J,eCTB­

.115ITbCSI KaK B peaKTOpax pa3HblX THITOB, TJK 11 B ncpcneKTHBHblX :meKTPOSIJl.CpHblX ycTa­

HOBKax, ynpaBJISICMbIX npOTOHHblMl1 yCKOpHTCJISIMH. J],JJSI. 3epcf>CKTHBHOH TpattcMyTau,1111 

Ba)KHQ Bbt6paTb Ha1160JJee nOJJ,XOJlSllll,1111 TJ,tn Sl)lepHOH ycTaHOBKH. TpaACMyTaU,"51 MJ13)lWl1X 

3KTl1HHJlOB B Jil:06bIX THnax ycTaHOBOK OCJIO)KHSI.CTCSI TeM, 4TO npH o6Jiy4eID!H He~iTpoHaMl1 

HapsiJly c yttnllTO)KeHHCM OAHHX ttyKJlJ,fJlOB 06pasy10Tc.S1 APYrHe, 6once onaCHblC HYKJIHJlbt. 

3Ta oco6eHHOCTb TpaHCMyTau,1n1 aKTHHHAOB J1CCJJCAOBaJJaCb )lJISI peJKHMOB O,AHOKpaTHOro 

o6Jiy4CHHSI B TCITJIOBOM J,f 6btCTpOM cneKTpax HeHTpOHOB [ 1-3 ], l.l,HKJIH4CCKOro o6Jiy4CHl1SI 

B ycraHOBKe C 6bICTpb!M cneKTpOM [4, 5), o6JJytJCHHSI. B ycTaHOBKax pa3JUl4.HblX TJ1nOB npH 

HenpepbIBHOH DOJI.IlHTKC HOBbJMH aKTUHHJl3MH (3-5 ]. 

B ,AaHHOH CTaThe HCCJle,AyeTCSI U,HKJIH4CCKl111 pexrnM, npOBOJl.HMblJ1 B TSl)KCJIOBO,AHOM 

TpaHcMyTaU,HOHHOM peaKTOpe npH ncpHOJl.J14CCKOM A06asnemrn H30TOITOB aMepHU,lHI H KIO­

PIDI H3 OTpa6oTaBwero si,nepuoro TOITJIHBa p eaKTOpOB BB3P-1000. TpaHCMyTaU,HSI HCnTy­

HIDI, CO,Aep)Kaw.eroCSI B OTpa6oTasweM TO□Jll1BC, He paccMaTp1rnaJiaCb. PaCC4HT3Hbl KOJJH-

4CCTBO HYKJUIJI.0B B SIJlCPHOM TOITJIHBe H TpaHCMYTHpyeMblX aKTHHHJI.aX AJISI. ABYX THITOB 

sarpy3KH, pa,AHOTOKCH4.HOCTb aKTHHHJl.0B B npou.ecce TpaHCMyTau,1rn, np0113B0JlHTCJlbHOCTb 

TpaHCMyTaU,HOHHOro peaKTOpa. PacCMOTpeH BblXOA B paBHOBCCHbIH pe)KHM npH paBHOMCp­

HOM ,Ao6asJJemm TpaHCMYTHPYCMbIX aKTHHHJlOB. 

UMKJU,fqECKl1.l1 PE)KMM TPAHCMYT AU,1111 

.Il,JISI. HCCJie,AOBaHHSI pe)KHMOB TpaHCMyTall,11H npHHSITa CJJe,AyIOlll,3SI paC4CTH3SI. MO,AeJJb 

TpaHCMyTaU,HOHHOT'O peaKTOpa: MOlll,HOCTb pcaKTOpa 1000 MBT; 3aMe,AJIHTCJib H TCnJIOHO­

CHTCJib - TSl)KeJiaSI BO,Aa, 06oraw.em1e ypaHa 20%; MaKCHMaJibHOe BbITOpaHHe TO[IJ[HB3 

~ 50%; BblCOTa 3KTHBH011 30Hbl 300 CM; mar reKcaroHaJibHOH pemeTKH 18,2 CM. 3a OCHOBY 

KOHCTPYKU.HH TBC npHHHMaeTCSI 6-KOJ1bu,eso11 TB3JJ , paspa6oTaHHhlH ,AJISI peaKTopa 

TBPM-25 [6 ]. 

PaCCMOTpeHbl ,ABa BapHaHTa sarpy3KH ypaHOBOro TOilJIHBa: B ABYX HJIH qeTblpex KOJib­

u.ax TBC. 

ITpH pasMew.eumt ypattosoro Tonmrna s ABYX KOJlbu,ax TBC suyTpeHHHe JI.HaMeTphl 

TOIIJIHBHbIX KOJJeu, 2 I 11 30 MM, BHYTPCHHHe ,AHaMeTpbI MHWCHHblX KOJieU, c TpaHCMYTJ1py­

eMbIMH aKTHHH.[{3MH 39 H 48 MM, TOJilll,HHa KOJJeu, 2 MM. KOHU.eHTpau,HSI ypaua B TOIIJ1HBHblX 

KOJibU.aX 3,403 · 1021 S1.JI.ep/cM3• McxO,AHaSI sarpy3Ka aMepHU,IHI H KIOPHSI B MHWeHH.bJC KOJib-
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u.a C cyMMapHOH KOHll,eHTpau.HeH 1,763 · 1020 Sl.ll,ep/ CM 3 06ecnett11BaJ1a Ha4aJJhH0e 3Ha4eH.ue 

K03cpcp11u,11CHTa pa3MH0)KCHJ1SI, npHCMJJCM0e AJJSI BCACHHSI KaMnaHHH. 

I1pK pa3MCW.CHH11 ypaHoBoro rnnmrna B 4CThlpex K0JJhu,ax TBC BHYTPCHHHe AHaMeTp1,1 

T0nJI.HBHbLX K0JJeu. 21, 30, 39 H 48 MM, BHYTPCHHHC Al13MeTpbl MHllleHHblX K0JJCU. C Tpattc­

MYT11PYCMblMH aKTHHH.ll3MH 57 H 66 MM, T0JJW.H.Ha K0JJeu, 2 MM. Kottu,CHTpau;M.SI. ypaua 8 

T0TTJJ11BHblX K0JJhU,ax 3,403 • 10
21 

Sl.ll,Cp/cM
3

• McxO)J.HaSI cyMMapHaSI K0liU,eHTpau,HSI aMepu­

l.l,}UI 11 KIOpJUI B MHWCHHblX K0JlbU,aX 3,526 · 1020 si.n.ep/cM3 . 

B ,naJJbHeuweM np11 H3Jl0)KCHJiH pe3yJJhT3T0B Bap11aHTbl C pa3Mell.l,eHHeM T0IIJJJIBa B 

ABYX HJIH 4CTblpcx K0JlbU,ax H ABYM51 MHWeHHblMH K0JlbU.3MH 6y,nyT 11MeHoBaTbCSI BapK­

aHTaMH C <<JierKOH» 11_ <<T51)KeJJ011>> 3arpy3KOl1 C00TBCTCTBeHH0. 

TpattcMyT11pycMbJe aKTHHHAbl pa3Mem,eHbl B ABYX ttapy)K}{blX MHWCHHblX K0Jlhu,ax. 

TcnJJOHOCHTCJJh np0K34HB3CTCSI B 3a3opax MC)KJJ.y K0JJbU,aMH. Pa3MHO)Kal0Ul,He CB0HCTBa 

peaKTopa 0nl1Cb1B3IOTCSI KOJqJqJHU,HCHTOM pa3MHQ)KCHHSl AJJSl 3JICMeHTapHOH Sl4CKKH, BKJIIO­

lla10w.e11 TBC 11 oKpy)KaJOw.1111. 3aMeAJIHTeJJb, c Y4CT0M oTpaBJJeHHSI KCCH0H0M 11 caMapHeM. 

Pac4eTbl cKopocTeH peaKu.1-111 11 KOJ<P<P"-U.HCHTa paaMH0)KCHHSI B 3JICMCHTapuo» S14eiiKe npo­

B0A:J-IJIHCh no nporpaMMe TRlFON [7 ]. 

l130TOnHblH C0CTaB 3arpy)KaCMblX aMepmJ.HSI H KIOpHSl C00TBCTCTB0BaJJ OTpa6oTaBllleMy 

S1Aeptt0My TOTTJIHBY peaKrnpa BB3P-1000 c BblropaHHCM 40 fBT·CyT/T H noCJJCAYIOW.eii 

l0-neT1:1e11 BhlAep)KKOH: 616 r/T 24I Am, 120 r/T 243Am, 31,7 r/T 244cm [8]. 

O6JJy4CHHC npOB0AHJl0Cb np11 nOCTOSIHHOH fiJJ0TH0CTH TT0T0Ka HeltTpOHOB <l> B npe.n.enax 

OAH0H KaMnaH1111. B nepso11 KaMnattHH <l>= l,07·10I4 He11Tp./(cM2 ·c). Ilpo,AOJJ)KHTeJib­

nocTh nepB011 KaM□aHJ111 AJJSl <<JICrKOH>> 3arpy3KH T = 0,3 roAa, AJISI «TSl)KeJJOH» 3arpy3KH 

0,6 rDAa. I1p11 nepeX0AC K CJJCAYIOW.HM KaMnaHH51M npHHHMaJJ0Cb, 1tT0 H3 SIACPH0ro T0OJIHBa 

yAaJJ.suoTCSI HaK0nHBWHeCSI npo.nyKTbl ACJJCHHSI 11 TpaHcypaHOBblC H30T0TThl H A06aBJJSlCTCSI 
235U B TaKOM K0JJH4CCTBe, 4T06bl era o6oraw.eHHe 6hlJJO 20%. J13 MH.WCHCH y)J.aJI.SUOTC51 

DPOAYKThl AeJJCHl-tSI, A06aBJISICTCSI aMepHU,HH H KIOpHH npHBC.ll,CHHOro Bblllle H30T0nHoro 

C0CTasa B TaK0M K0JllltJCCTBC, 4T06bl 3arpy3Ka 241 Am 6hlJJa pasua nepBOHat.JaJihHOH. KpoMe 

Toro, npHHHMaJJ0Cb, 4T0 Ja BpCMSl MC)KJJ.Y KaMnaHH.SI.MH BCCh 242Cm, HMCIOW.HH nepH0A 

□onypac□aAa 163 cyT, npespawaeTCSI B 238Pu. TaKKM o6paaoM, U.H.KJJ TpattcMyTaU.H.H coB­

na.ll,aeT C TOnJJHBHOH KaMnaHHCH. I1JIOTHOCTb ll0TOKa HCHTpOHOB B Ka)KAOH KaMaaHHH H ee 

np0.ll,OJl.>KHTCJlbH0CTb BblfotpaJIHCb TaK, 4T06bl cpe,AHSISI M0ll.l,HOCTh, BblACJISIIOW.aSICSl B SIJJ.Cp­

FI0M T0TIJIHBC ll TpaHCMYTHPYCMblX MH.WCHSIX, 61>1J1a 6bl 0AHHaKOBa AJJSI BCCX ll,l{](JJ0B. 

PacCMOTpHM no.11.po6Hee pe3yllhTaTbl, OTHOCSlll.l,HeC51 K aepBblM 10 U,HKJJaM TpaHCMyTa­

l.l,H.H (KaMnaHHSIM) .ll.JISI BapHaHTa C <<JICrKOH>> 3arpy3KOH. 

3aB.HCHMOCTb K03cpcpHU.HCHTa pa3MH0)KCHHSl B 3JlCMCHTapHOH Sl4CHKe OT BpeMCHH B 

nepBblC 10 KaMnaHHH npe.11.cTaBJJCHa Ha pHC. 1, Ha K0T0P0M YCJJ0BHO He noKa3aHa Bbl.ll.CP)l(Ka 

MC)K.ll.Y KaMnaHHSIMH, tta4ano CJJCAYIOW.CH KaMnaHHH npHMhJKaeT K K0HU.Y □peJJ.blJ{YW.eH 

KaMDaHH.1f. 

IlpH CBC)l(CH 3arpy3Ke Ha4'aJibH0C 3Ha4eHHe K03QxpHU.HCHTa pa3MH0.>KCHHSI K = 1,13. 

B nepBblX HCCKOJlbKHX U,HKJJax H3MeHeHHe peaKTHBHOCTH K(0) - K(T) = 0,05-0,07, B no-
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CJIC,AylOutHX ll.HKJ[aX - HeCKMbKO HIDl<C. 

IlpO.ll.OJl.>KHTeJJbHOCTb U.KKJIOB H □JJOT­
HOCTb ITOTOKa HCHTpoHOB B Ka)K.ll,OM U.HKJIC, 

'lltCJJ0 Sl,Aep HYKJJHAOB B T0DJIHBC B paC4eTe 

Ha 1 CM BhlC0Tbl TBC: 235u - B Ha11ane 

H KOHU,e Ka)K.ll,OTO U.HKJJa, 236U H 238U H 

cyMMapttoe 11HCJJ0 SJAep ypaHa - B Ha11ane 

Ka)K.ll,oro U.HKJJa, cyMMapuoe 4HCJJO S1,Aep 
4 TpaHcypaHOBhlX 3JICMCHTOB (TY3) H 4HC­

Jl0 S1,Aep npOJJ.YKTOB .n.eneHIDI (TI,D,) - B 

KOHU.e Ka)K.ll,oro U.HKJia npe.n_CTaBJICHbl B 

Ta6JI. 1. 
PHC. l . Ko:Kj>cp~tUHCHT pa3MHO)Kemt!I B nepebJX ,neC!ITH 

UHKJlaX TpaHCMYTOUHH C «JlerKOH'" aarpy3K011 
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T a 6 JI ~I u a l. qHCJIO Sl.11.Cp 11y1urn.n.on B TOIIJIHBC 11a I CM BblCOTbl TBC C (<JICrKOH•> aarpy3KOH 

Ho:.1ep 
T, ro,1t 

<I>, I 014 
11cftrp./ 

1-hlCJIO Sl;:\Cp, 1021 Sl)lep/CM 

UHKJl3 (CM
2·c) mu(O) I 235U(7) I 236U(O) I 238U(O) I U<O> o6w.. J TY3<n I n.n.<T> 

0,300 1.07 2,38 1,22 0 9,38 11,7 0,0448 1,01 

2 0,317 1,010 2,41 1,23 0,176 9,31 11,9 0,0488 1.02 

3 0,341 0,940 2.44 1,25 0,350 9,25 12,0 0,0527 1.03 

4 0,363 0,885 2,47 1,26 0,522 9, 19 12,2 0,0566 1,04 

5 0,380 0,846 2,49 1.27 0,691 9,13 12,3 0,0605 1,05 

6 0,393 0,817 2,52 1.29 0,859 9,06 12,4 0,0643 1,07 

7 0,403 0,796 2,55 1,30 1,02 9.00 12,6 0.0680 1,08 

8 0,412 0,779 2,57 1,31 1,19 8,94 12,7 O,Q717 1,09 

9 0,419 0,767 2,60 1,33 1,35 8,88 12,8 0,0153 1,10 

10 0,424 0,151 2,62 1,34 I.SI 8,82 12,9 0,0789 I , 11 

Ilpe,z:i;CTaBJJeHHbie ],laHHhle (CM. Ta6JI. 1) noKa3h1BalOT, 4TO npOAOJI)KHTeJibHOCTh KaM­

rraHHH K .neCSITOMY U.11KJJY yaeJIH4HBaeTCSI B 1,4 pa3a, a TI,10THOCTb nOTOKa BO CTOJJhKO )Ke 

pa3 yMeHhwaeTCst. Ko1rn4CCTBO ypaHa B ronn11sHOH 30He OT LJ,11KJJa K U.HKJIY cna6o so3pacrae-r 

3a C4eT JJ,OOaBJieHH.Sl ttosoro 235 U, 3a 10 U.HK.nos OHO yaemt4HBaeTcst tta 10 % . KoJIH4CCTBO 

235U B Ha4aJie 10-ro U.HKJJa OKa3bJBaeTCSI TaK)Ke Ha 10% 6o,1bwe, LJCM B HalfaJIC 1-ro U.HKJla. 

KOJil1lfecTBO 236u B03pacraer npaKTl14eCKl1 ,111HeiiHo, OTKJJOHem1e OT JU1HCHHOCTl1 He npeBbl­

waCT 6%. KoJIHLJeCTBO 238 U ttecyw.ecrBeHHO YMCHbWaCTCSI. KoJJ11LJeCTBO IlPOAYKTOB AeJJCHHSI, 

HaKanmIBalOill,HXCSI B TOWJHBe 33 U,HKJJ 11 YAa-TSICMblX np11 nepcxo;nc K CJJe.Ayiow.eMy U.11-KJJY, 

CJJa6o B03pacrae-r OT u.111v1a K u.mu1y. CyMMapttoe KOJJHLJecrao HJOTonos HcnryIDU1, I1J1YTOHHS1, 

aMepHll,I1.Sl H KlOpHSI, HaKaflJIHBalOW.HXCSI B TOilJl.11-Be 3a U.HKJI H YAaJI.SleMblX npH nepexo,Ae K 

CJieJI,y10w.eMy U.Hl<JIY, TaK)Ke cna6o Bo3pacracr or u.11K1ia K U.H.KJIY 113-3a HaKoMeH.11.st 236U, 
SlBJl.SllOW.erocsr HCT04H.11KOM TpattcypaHOBblX HYKJl..11.llOB B BblCOKoo6oraw.eHHOM ronm-rne. 

l..J11cno si,Aep ocHOBHhlX HYKJJHAOB B M11wett11 a pac4eTe Ha I CM BblCOThl TBC 

(241 Am, 243 Am, 244Cm 11 238Pu) B Ha4aJie 11 8 KOHU.C Ka)K)l,OrQ U.HKJia npeACTaBJICHO B 

Ta6n. 2. 

T a 6 JI H u a 2. qHCJIO si.n.cp OCIIODllblX IIYKJIH.11.0D B MHUICIIH 11a I CM BblCOTbl TBC C <•JierKOH•► aarpy3KOH 

HoMep l.JHCJJO 11;:\Cp, 1020 
Sl;:\ep/cM 

UHKJla HIAm(O) J 24'Am(7) J 243Am(O) J wAm(7) I 244Cm(O) J 244Cm(7) I 238Pu(O) J 
238Pu(7) 

8,08 2,76 1,58 1,42 0.418 0 ,673 0 0,689 

2 8,08 2,76 2,46 2,20 0,949 1,33 2,72 2,30 

3 8,08 2,76 3,24 2,89 1,60 2,08 5,02 3,66 

4 8,08 2,76 3,93 3,50 2,36 2,92 6,39 4,47 

5 8,08 2,76 4,54 4,05 3,19 3,81 7,24 4,97 

6 8,08 2,76 5,09 4,55 4,09 4,76 7,70 5,24 

7 8,08 2,76 5,59 5.01 5,03 5,14 7,97 5,40 

8 8,08 2,76 6,05 5,43 6,01 6,74 8,13 5,50 

9 8,08 2,76 6,47 5,82 7,02 7,77 8,23 5,56 

10 8,08 2,76 6,86 6,18 8.04 8,81 8,28 5,59 

BHJJ,HO, 4TO Ha43JlbHble KOHU.eHTpau.HJ1 241 Am O,AHHaKOBbI BO scex U.HKJiax B COOTBCT­

CTBHH C YCJIOBHSIMH .z:i;o6aBJICHH.SI HOBhlX nopu.11H aKTHHHAOB B MHWeHH. TaK)Ke COBOa,AalOT 

KOHe4Hhle KOHU.CHTpau.HH 241 Am. KOHU.CHTpau,11S1 243 Am B TC4CHHe U.lfKJla yMeHbWaeTCSI, 
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OAHaKO HOBOrO 243Am JJ.06aBJHleTCSJ Me)KAY ll,11KJiaMH 60Jlbllle, 4CM Bblrope.no 3a U,HXJl. Tio-

3TOMY Kottu,ettTpau,11sr 243 Am OT U.HK.na K 1.1,11KJiy eo3pacrneT. Kottu,ettTpau,1rn 
244Cm eo3-

pacrnCT B Te4eHHe K3)1(JlOl'O H3 JO U,11KJIOB, fiOCKOJlbKY o6pa30B3HHe HOBOl'O 
244Cm H3 HMe­

lOUI,el'OCSJ B MHWCHH 243 Am npCBhIW3CT BbLrOpattue. }lonOJIHHTCJlbHO apOHCXOAHT A06ae­

JteHHe 244cm □pH ncpexo.D,C K CJieAylOUJ,eMy U,HKJlY 3a C4eT IlOJJ.IlHTKH HOBbIMH aKTUHHJJ.aMH. 

238Pu 06pa3yeTCSJ B MHWCHH 33 C4CT pacna)J.a 242Cm K3K npH o6JtY'-leHHH, TaK H DpH Bbl­

ACp)KKC Me)KJJ.Y ll,HKJlaMH (npH pac4eTax npHHSITO, 4TO npH BblJJ.ep)KKe BeCb H3KOD.HBWHHCSI 

242cm npeBpamacTCSJ e 238Pu). Kottu,ettTpau,m1 
238Pu yMeHhwaeTCSI B Ka)KJl.OM U.HKJte 3a 

C4eT Bblropamrn, 0.llHaKO npH nepeXOAC K CJICAYIDUJ,eMy ll,HKJlY OHa BO3pacTaeT 33 C4eT 

npeBpaUI,eHHSJ 242cm B 238Pu. lb npeACTaBJieHHblX HYKJIHJJ.OB TOJihKO 
238Pu npH6JIH)KaeTCSJ 

K paBHOBeCHOMY COCTOSJHHIO. 

qHCJio SJJJ.CP npo4HX HYKJIHJJ.OB e MHWeHH e pac4eTe tta I cM BblCOThl TBC - H3OTOIJOB 

□JIYTOHHSJ, 242111Am, 242Cm, 245Cm B KOHU,e Ka)KJlOT'O ll,HKJia, a T3K)KC npoJJ.yKTOB JJ.eJieHHSI, 

HaKanJIHBa!OlUHXCSl B MHWeHl1 33 U,HKJI, npeJJ.CTaBJJeHO B Ta6J1. 3. IlpH nepexo,lle K CJie)J.y-

lOUJ,CMy U,HKJIY 4HCJIO SfJJ.ep JTHX HYKJIHJJ.OB (33 HCKJll04eHHeM 
242Cm H □pOJJ.YKTOB JJ.CJieHHSI) 

He MeHSJeTCSJ. 

T a 6 JI n u a 3. CfHC.10 llACP npO'IHX nyKJJHAOB B MHLUCIIH Ha 1 CM BblCOTbl TBC C <•JJCrKOH•> 3arpyJKOH 

l-io111ep 4ncJio si,1ep. 1020 11,1ep/ CM 

UHKJia 2J9pu 240pu 241pu 242p11 242mArn 242cm 245cm fl,[( 

0.0952 0,0177 0,00169 0,714 0,0294 2,72 0,0104 0,905 

2 0.633 0.201 0,0271 1.38 0,0294 2,72 0,0224 1,43 

3 1,19 0,552 0,0964 2,01 0,0294 2,72 0,0364 2,15 

4 l ,57 0,962 0,196 2,63 0,0294 2,72 0,0521 2,79 

5 1.82 1,35 0,302 3,24 0,0294 2.72 0,0692 3,29 

6 1,96 1.67 0,398 3,85 0,0294 2,72 0,0874 3,65 

7 2,04 l,93 0.477 4,44 0,0294 2,72 0,106 3,91 

8 2.09 2,13 0,539 5,02 0,0294 2,73 0,126 4, 11 

9 2,12 2,28 0,587 5,58 0,0294 2,73 . 0,146 4,25 

10 2,13 2,35 0,623 6,11 0,0294 2,73 0,166 4,38 

Ilpe,llCTaBJteHH.hle JJ.3HHble (CM. Ta6Jl. 3) IlOK33bIBaJOT, 4TO npoHCXOJJ.HT uaKOnJICHHe 

H30TOIJOB nnyTOHHSJ, npH4eM 239Pu 6JtU30K K paBHOBeCHOMY COCTOSIHH!O. HyKJlHA 

242111Am, 06pa3y101UHHCS1 113 241 Am, npHXOAHT B paattoeecttoe coCTOSJH11e y)Ke 3a nepshIH 

U,11KJI H3-3a 60JibWOro CeL1emu1 IJOrJIOUI,eHHSl HeHTpoHOB. HyKJIHA 
242cm B K3)K)l_OM ll,UKJie 

HaKanmrnaeTCSJ 33HOBO. HyKJUI.Jl. 245Cm H3-3a 60JibWOro CC4eHUSJ JJ.eJieHHSI HaXOAHTCSI B 

paBHOBeCl1H CO CBOl1M npeAWeCTBeHHHKOM 244Cm. 
B Ta6n. 4 npeJlCTaBJICHhl M3CCOBbie xapaKTepHCTHlOl H MOUI,HOCTh B pac4eTC Ha 1 CM 

BhICOTht TBC a nepBhIX JO U.HKJiax TpattcMyTau,1rn: JJ.JISI TOnJIHBa - A06asJIS1eMaS1 3a OAHH 

U,HKJI Macca 235U b.M235, IlOJlHaSl Macca ypatta B H34aJie ll,HKJia Mu, Macca npoAYKTOB 

AeJiemrn, H3K3IlJHIB3JOUl,HXCSJ 33 OJJ.HH UJ1KJI Il}l , cpeAHSISI MOUI,HOCTh P , JJ.JlSI MHilleHH -
TOn TOn 

JJ.063BJUICM3SJ 3a OJl,HH U,HKJI Macca aKTHHHJJ.OB !).M Ac• IlOJIHaSI Macca aKTHHHJJ.OB B H34aJIC 

U.MKJia M Ac' Macca npOAYKTOB AeJieHHSJ 3a OAHH U,HKJI Il}l111nm' cpeJJ.HSISI MOlll,HOCTh P MHw' 

o6UJ,aSI MOUJ,HOCTb, BhIJJ.eJISICMaSI a Ton.111rne 11 MHWeHH P. 
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II T a 6 n H u. a 4. Macca 11ytcJll1)l0B 11 M0Ulll0CTb JUl!f <<JJCfKOH>> 3arpy3Kl1 

lloMep Macca, r MOl.llHOCTb, KBT 

LlHKna 6.Nl235 I Mu I n.uTon I 6.Ml\c I MA< I 11.U,..,w I />Ton I P,..,w I p 

0,930 4,59 0,394 0.400 0,400 0,0359 3.44 0,322 3,77 

2 0,465 4,64 0,398 0,264 0.599 0.0568 3,29 0,481 3,77 

3 0.471 4,69 0,403 0,264 0,803 0,0854 3,09 0,670 3,77 

4 0.476 4.15 0,407 0,264 0,980 0,111 2,95 0,820 3,77 

5 0.481 4.80 0,411 0,264 1,13 0,131 2,85 0,925 3,77 

6 0,486 4,85 0,416 0.264 1,26 0,145 2,78 0,992 3,77 

7 0,491 4.90 0,420 0,264 1,38 0,155 2,74 1,03 3,77 

8 0,492 4,95 0,424 0,264 1,48 0,163 2,70 1,07 3,77 

9 0,497 5,00 0.428 0.264 1,58 0,169 2,68 1,08 3,77 

10 0,502 5,05 0,432 0.264 1.67 0,174 2,76 1,10 3,77 

BHJJ,HO (CM. Ta6JJ. 4), 4TO KOJIH4CCTBO TOn)HIBHblX HYKJJHJJ,OB OT ll,11K.lla K ll,HKJIY MCH51eTC51 

MaJJO. B MHUJeHH, HanpOTl1B, npOHCXO,il,1-IT HaKOnJJCHHe aKTHHHJJ,08. 3a 10 ll,HKJJOB HX Macca 

B03pacraeT B 4 pa3a. OoCJie 10-ro U,HKJia (CM. Ta6JI. 3) Macca aKTHHHJJ.OB npOJJ,OJI)KaCT 

'B03paCTaTh 3a C4CT HaKOn;1CHH51 
243 Am, 244

Cm, 
238Pu, 242Pu. MOUJ.HOCTh, BhmCJISICt.ta51 B 

MHWCH11, COCTaBJJ51CT 3aMCTHYIO 4aCTh o6meH MOUJ.HOCTH H3-3a HaKO0HBllilUCCSI JJ,CJI51W.HXC51 

HYK,1HJJ.OB. 

D,JJSI sapH3HTa C <<TSDKCJIOH>> 3arpy3KOH paccMaTpHBUJJCSI TOT )KC Ha4aJlbHblH nOTOK HC.11-

TPOHOB, 4TO )],)ISi <<J!Cf'K011» 3arpy3K11. YsCJJH4CHHaSI 3arpy3Ka ypaHa no cpaBHCHIUO C <<JJCr­

KOH>> o6ecncl11rna 6oJJCC AJJHTCJJhHYIO KaMnaHJ.-110 s ncpsoM u,~tKJJe T = 0,6 JICT. 3asHCHMOCTb 

KO::>ct>ct>11u.11eHTa pa3MHO)KeHHSI B ::MeMCHTapHOH 514Ci-iKe OT BpCMCHH B nepBblC 5 KaMnaHHK 

npe.u.cTaBJICHa Ha p11c. 2. 3Ta 3aBHCHMOCTb OTJlHlJaeTCSI OT attaJJOrH4HOH 3aBHCHMOCTl1 )],JUI 

<<J!CfKOlt>> 3arpy3KH TCM, 4TO B TpCThCH H CJie.u.y10w.11x KaMaaHHSIX K03Q)q)HU,l1CHT pa3MH0-

)KCHH51 MCH51CTC51 BCCbMa CJia6o, 4TO o6'h51CHSICTCSI o6pa30BaHHCM 3Ha'-UlTCJlbHO 60Jiblllero 

KOJJH4CCTBa JJ,CJ!Sllll.HXC51 HYKJIHAOB (rJJaBHblM o6pa30M, nJ1yTOHID1) B MHWCH51X C TpaHCMy­

THpyeMblMH aKTHHMJJ.aMH H3-3a 6oJJce JJ.Jll1TCJlbHOl1 KaMnaH1rn, 4CM B .sap»aHTe C <<J!CrK011>> 

3arpy3KO.H. Ilpo.u.omKHTCJibHOCTb ll,HKJIOB B03pacTaeT OT ncpsoro AO nsIToro U,1'fKJia Ha 26 % . 
.[lJIJ-1'TCJlbHOCTb U,HKJJOB C wecToro no ACCSITblH 0JJ,HHaKOBa, Otta Ha 28 % 60JiblliC no cpas­

HCHHIO C aepBblM ll,HKJlOM. 

Maccoawe xapa1<Tep11cTHKH .11 MOUJ.HOCTb a pac4CTe Ha 1 CM BblCOTbl TBC c <<T51)KCJIOH>> 

3arpy3KOH B ncpBblX ACCSITH U,HKJiax TpaHCMyTau,1111 npCJJ.CTa.BJJCHbl B Ta6JI. 5. 
D,aHHhlC Ta6JI. 4 11 5 n03B0JlSIIOT Oll,CHHTb xapaKTCpHCTl1KH npOH3B0,!J,HTCJlbH0CTH TpaHC­

MYT3U.HOHHOf0 peaKTopa, K0TOpbte npe.u.cTaBJJCHbl B Ta6n. 6 . Ilpn IJOJIHOH MOW.HOCTl1 

1000 MBT 3a 0JJ.HH ro,D, .BOBJ!CKaeTCSl B TpaHCMyTau,,no 140-160 Kr aKTHHMAOB, 4T0 C0OT­

BeTCTByeT f0A0BOH Bblrpy3KC .113 7-8 peaKTOp0B BB3P-1000. D,Jl51 B0BJICllCHli51 B TpaHC-

MyTaU,HlO 1 Kr aKTHHHJJ.0.B Tpe6yCTC51 113- K 1.12 ~-~-~-~-~-~-~-~~ 
~~· 

paCX0JJ.OBaTb 1,9-2,1 Kr 
235U. I.I \ 

TaKHM o6pa3oM, npu TpattcMyTau,1111 1.os-t--\-\-+-r-'\-+----+-----1f-----1------l----1----1 

aMepHU.1151' H Kl0p1151 113 0Tpa60T3Blllero 1.0G \ \ 

Torumsa peaKTopos BB3P a cneu;11aJJH3H- 1.o4 +---+,tt--1rl\.--_ +------1f-----1------l----1----1 

1.02 t-----'Kf---j-"'17--t---j;:;=:;!;;;;==j------j posaHHOM TSl)KCJI0B0,IJ,H0M peaKTope C .Bbl­

COK006oram,eHHblM T0TIJIHB0M, 06J1a,1J,at0-

W.HM xopODHIMH HCHTPOHHO-<PH3114CCKH­

MH CBOHCTBaMH, Tpe6yeMaSI M0IUH0CTb co­

CTaBJl51CT 4 , 1-4,8 % TCilJIOBOH MOUJ.HOCTH 

3HepreT.HllCCKHX peaKTOPOB. B TpaHCMyTa-

I -t---+---+---+---+---+-- -+-- -+-----t 

0.98 ~---+---+---+----+----+----+---< 
0 o.s 1.0 l ,S 2.0 2,S 3,0 3.S 4,0 

T, ro)l 

PHC. 2. Ko:xpcjmuHellT pa3MH0>Kem111 B nepebtX n!ITH UHK­

na.x TpaHCMyrnum1 C «TSl>Kenoi:'t>t :iarpy3K0H 
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U,HOHHOM peaKTOpc c nOTOKOM HCihpOHOB nopsmKa 1014 HC11Tp. / ( CM
2 

· c) npoHCXOAHT HaKon­

JJCHHC 3H3lillTCJlhHOr'O KOJJl14eCTBa OITaCHblX aKTIIBH,AOB, rJiaBHblM o6pa30M 
244

Cm H 238 Pu. 

T a 6 n u u. a 5. Macca HYK./IHAOB " MOIUIIOCTb A/Ill «Tll)l(CJIOH•> aarpyJKH 

HoMep 
Macca, r MOU{IIOCTb, KBT 

U.HKJl8 AMHS I Mu l n).I.T On I AMA< I MAC I TT.U,.11w p 
Ton 1 P,.11w I p 

2,94 14,5 2,02 I. 12 1.12 0,185 8,85 0,828 9,68 

2 2,25 14.6 2.03 1.03 1,97 421 7,97 1,70 9,68 

3 2,25 14,6 2,03 1,03 2,57 601 7,42 2,25 9,68 

4 2,25 14,6 2,03 1.03 3,00 697 7,16 2,51 9,68 

5 2,25 14,6 2,02 I ,03 3,32 751 7,02 2,67 9,68 

6 2,23 14,5 2,01 1,03 3,60 787 6,91 2,77 9,68 

7 2,22 14,4 2,00 1,03 3,84 814 6,82 2,85 9,68 

8 2,21 14,3 1,98 1,03 4,05 837 6,77 2,92 9,68 

9 2,19 14,2 1,96 1.03 4, 17 851 6,70 2,97 9,68 

10 2,16 14,0 1,94 1,03 4,34 871 6,63 3,05 9,68 

T a 6 JI H u. a 6. 0611v1c xapaKTCPHCTHKH TpaHCMYTaLlHOIIIIOfO peaKTopa 

XapaKTCpHCTHKa •Jlcncall» 3arpy3Ka •T11>KeJ1all» JarpyJKa 

i'1CXO,!lH8SI 38rpy3K8 235U, Kr 170 240 

1'1cxo,11nasi Jarpy3Ka 20% ypaua, Kr 870 1200 

Pacxo,!l 235U, Kr/ro,!l 310 290 

Pacxo)l TJ)811CM)'nrpyCMblX 8KTIIIIH)l0B, Kr/ro)l 160 140 

lhrCJIO o6cJ1y)l(~1BaCMbJJ( peaKTOpoB 1313:)P 7,6 6,5 

PA,l],l10TOKCJ1llHOCTh 11PM IJ,MKJIJ1qECKOH TPAHCMYTAIJ,MM 

PaAHOTOKCl14HOCTb CJJy)KHT HarJISIAHOH xapaKTepHCTHKOH AJISI OITl1C3HH.SI pa.nuonoru-

4CCKOl1 onaCHOCTH pa3JIH4HblX HYK./lll.AOB, HaKaITJIHBalOilJ,HXC.SI npH TpaHCMyTall,HH, H oc­

HOBaHa Ha HopMax pa.n11au.110HHOH 6e3onacuocT11 [9] c Y4CTOM B03ACHCTBH.SI H3JIY4.CHH.SI 

KOHKpeTHblX HYKJIIHl,OB Ha 1.leJioBe1.leCKl111 opraHH3M. 

O6m.ast paJl.HOTOKC114HOCTh aKTHHHAOB B MHWeHSIX no BOJl.e (HCITOJlb3Y10W.aSI npeJl.eJil>HO 

AOITYCTHMl>IC 3KTHBHOCTl1 HYKJU1AOB B BO.Ile) H BKJJaAhl HaH6onee 3Ha1.lHMblX HYKJIH.AOB B 

tta4a11e 11 KOHU.e nepBhIX 10 u,11K11os TpattcMyTau,111-1 B pac1.leTe Ha 1 CM BhlCOThl TBC AJJ.SI 

sap11aHTa C <<JICfK011» 3arpy3KOH npe.ncTaBJlCHbl B Ta6n. 7. B 06w.y10 pa.nHOTOKCH1.lHOCTb He 

BKJll04aeTCSI BKJ13.Il OTHOCHTCJlbHO KOPOTKO)KHByw,ero 242cm. Bap11aHT C <<T.Sl)KeJIOH>> aa­

rpy3K0H .naeT 3H3J10rH4HbTe Ka4eCTBeHRble pe3yJibTaTbl. 

Tipe.D,CT3BJleHHble A3HHble noKa3blB3IOT, 4TO HaH60J11>WYIO paAHOTOKCHllHOCTb AaeT 

244Cm, npH4CM OHa ~03pacTaeT B Te4eHHC BCCX Jl.CCSITH U,HKJIOB TpaHCMyraU,HH H3-3a AO­

ITOJlHHTCJlbHOfO o6pa30B3H"51 244Cm H3 243 Am H npo,IlOJl)KaeT 803pacTaTb nocne l 0-ro U.KKJJa. 

BTOpblM no 3H3411MOCTl1 HYKJJH.llOM SIBJJSieTC.SI 238Pu, OJJ,HaKO ero paAKOTOKCH4HOCTb CTa6n­

Jll13HpyeTCSI TTOCJJC 7-8-ro U.11KJta. CyMMapH3SI pai1,HOTOKCH4HOCTh B HallaJie n;eCSITOro U.HKJia 

Ha 66% onpe.neJTSICTCSI 244cm. Otta B 11 pa3 npeBbllllaeT pa.n»OTOKCH4HOCTb HallaJibHOH 

3arpy3KH aKT.11Hl1il.OB. 
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T a 6 n H u. a 7. Pa;J.HOTOKCll'IIIOCTb no BOJlC npH Tpa11cMyrau.1111, 101° Kr BOJJ.bl 

floMep 06111,asi 241Am 238pu 244cm 

UHKJl3 Hatt.MO Ko11cu lla•1ano I Ko11cu !Ja•rano Ko11eu. Ila•rano I Ko11eu. 

10,8 8.96 6.49 2.03 0 0.003 4,22 6,80 

2 27,6 15,7 6,49 2,03 11.4 0.010 9,57 13,4 

3 44,1 25,1 6,49 2.03 21,1 0,015 16,3 22,7 

4 57,3 31.9 6,49 2.03 26,7 0,019 23,8 29,5 

5 69,5 41,0 6.49 2.03 30,3 0,021 32,3 38,5 

6 80,5 50.7 6,49 2.03 32,2 0,022 41,3 48,1 

7 91,4 60.7 6,49 2,03 33,3 0 ,023 50,9 58,0 

8 102 71,0 6.49 2,03 34,0 0,023 60,7 68,2 

9 J 13 81.3 6,49 2.03 34.4 0.023 71,0 78,5 

10 123 91.9 6,49 2.03 34.7 0,023 81,3 89,0 

BblXO)l. B PABHOBECHblM PE)l01M 

KatJeCTBeHHYIO 3aBHCHMOCTb HaK0ITJleHIUl HYKJIHJJ.08 OT BpeMeHH npH JJ.JlHTeJlbHOM 06-

JJyt-1emrn y.no6Ho np0CJJCJJ,HTb Ha MOJJ,eJJH, s KOT0pOH ITOJIITHTKa HOBblMH TpaHCMYTHPYCMblMH 

aKTHHJ1JJ,aMH ocyw,eCTBJl51CTCSI HenpcpblBHO. Otta IT03BOJISICT Ha6JJIOJJ,aTb nepexoJJ, OT HaKon­

JICH1151 ttyKJTHJJ.OB K pasHosccttoMy cocT051HHIO. 411CJ10 SI.O.CP HYKJJHJJ.OB Ha l CM BblCOTbl TBC 

JJ.JISl <<JICrKOH>> 3arpy3KH npH HCnpcpbIBHOH no;:J.nHTKC H30TOnaMH aMCpHL.1,HSI 11 K10pm1 npcJJ,­

CTaBJJeHbl B Ta6JJ. 8. CKopOCTb HCnpcpblBHOH no.o.nHTKH 11 ee H30TOITHblH COCT3B COOTBCT­

CTBYIDT U,111<JTHlJCCKOH 0OJJ.ITHTKC, np11HSITOH p3Hee. 

T , l'OA 

0 

2 

5 

10 

20 

so 
100 

200 

,ll;m1 

T a 6 n H u a 8. 4HCJIO 11,!\Cp IIYKJIHj\011 npH BblXOJJ.C II pae11011ccnblH pC)l(HM 

C IICllpCpblllllOH IIOJJ.IIHTKOH, 1020 11,ncp/cM 

238pll 239pll 240pu 241pu 242pu 243cm 244cm 

0 0 0 0 0 0 0 ,418 

3,91 1,05 0,492 0,0896 2,57 0,152 2,90 

5 ,82 1.86 1,55 0,370 4,46 0,198 6,14 

6,46 2,16 2,64 0,700 8.93 0,208 16,6 

6,47 2,16 3,03 0.808 12.2 0,208 30,1 

6,47 2,16 3,35 0,895 13,9 0 ,208 41,6 

6,47 2,16 3,44 0,921 14,2 0.208 44,9 

6,47 2.16 3,44 0,921 14,2 0,208 44,9 

6,47 2,16 3,44 0.921 14,2 0,208 44,9 

24SCm 

0 

0,0495 

0,112 

0,317 

0,588 

0,817 

0,884 

0,884 

0,884 

H30T0ITOB aMCpHl.1,1151 paBHOBCCHe HaCTynaeT 6bJCTpo. PaBHOBeCHOe 4HCJIO sm.ep 

JJ.JISI 
241 Am cocTasm1eT 4, 95. 1020 SIJJ,ep/ CM, speM SI BblXOJJ,a B paBHOBec11e 2 roAa, JJ,JISI 

242mAm - 4,66· 1018 51JJ.ep/cM H 2 roJJ,a, JJ.JISI 243Am - l,17· 1021 sm.ep/cM 11 10 neT co-

OTBeTCTBCHH0. 

l-faOTOITbl ITJIYT0HHSI np11XOJI.SlT K paBHOBCCH0MY COCT051HJ110 3a 10-20 JieT, 244Cm 11 

245cm - 20-30 JieT. )1.0JibWe scero np11XOJJ.HT K p3BHOBeCHOMY COCT051HHIO 246cm (He 

ITOKa3aH 8 Ta6JIHl.l,e) - 6onee 100 JleT. PasHOBCCHOe 411CJIO SIJl.CP 244cm B 15 p33 npeBbIWaeT 

ero HaK0ITJlCHI-le 33 nepBblH ro.n. 11 B 1,5 npCBblW3CT H3KOITJ1CHl1e 33 10 JleT. PaBHOBCCHOe 

KOJIH4CCTBO 238Pu 8 7 pa3 MeHhlllC, lJeM 244Cm. P3BHOBeCHOe KOJIJ.1LJeCTBO 246Cm BCCbM3 
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sCJ111Ko 113-3a OTHOCl1Te.TlbHO MaJJoro ce4eHIDI rrorJiow;ett11S1 HCHTpottos, KOTopoe B 35 pa3 OOJlhme 

paBHOBeCHOro KOJ1114eCTBa 245Cm, H COCTaBJlSleT 66% OT paBHOBeCHOro KOJIH4CCTBa 244Cm. 

3AKJIIOtf.EHHE 

PC3YJihTaThl nposeACHHOro 11CCJieAOBaHHSI U.11KJll14eCKHX pe)KHMO.B TpattcMyTau.1rn aMe­

PHU.JHl 11. K10p11S1 113 oTpa6oTaswero TOnJIHBa peaKTopos BB3P noKa3aJIH, 4TO s npou.ecce 

TpaHCMyTau,1111 npOHCXO)lHT ttaKonJ1em1e onaCHhlX HYKJIHAOB, B nepsy10 04epeAb, 244cm H 

238Pu H o6yCJIOBJICHHOC 11MH IIOBblWeHHe paAHOTOKCH4-HOCTH. 3a nepsble 10 U.HKJIOB Tpauc­

MyTaU.HH pam10TOKCl14HOCTb IlOBbIWaCTCSI B 11 pa3 no cpasttett1110 C ncpsoHa43JlbHOH 3a­

rpy3KOM. 3n1 pe3yJ1hTaThI corJ1acyt0TCS1 c AaHHhlMH Apyrnx pa6oT, noJ1y11eHHhrMH AJISI 6onee 

11.ueaJ1113HpOBaHHblX pe)KHMOB TpaHCMyTaU,HH. 

TpaHCMyTaU,HOHHhli-1 peaKTOp MOW,HOCTblO 1000 MBT MO)KCT TpaHCMYTHpoBaTb aMe­

p111.1:i,1J1 11 KlOpHH OT 7-8 peaKTOpOB BB3P I 4TO onpe.ucJJSieT Tpe6yeMylO MOW,HOCTb TpaHc­

MYT3U,HOHHOrO peaKTOpa npH.MepHO 4% TenJIOBOH MOLUHOCTH peaKTOpOB BB3P-1000. 
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HAKOIIJIEHl1E PA.)1:110AKTHBHhIX HYKJIH,U:0B 
IIPM AKTMBAIJ,MM HEMTPOHAMH XJIOPM,U:HO-COJIEBOM 

Ml1ll1EH.H 3JIEKTPOY,U:EPHOM YCTAHOBK.H 
A.11. BoJlO<JUK, A.C. Fepacu.Mo<J, I'.B. KuceJlea, T.C. 3apuu,KaR, B./J.. lf epueu,Kuii, 

I'HL( P<P HT3(J), l 17259, MocKaa, E. '!epe.MyUlJCUIICICaJl, 25 

PaCC'IHTallbl HaKOllJ1eH11e pa,lHOaKTHBHblX HYKJIHJlOD 11 pa)l11au11011t1bte xapaKTCp11CTHKH XJIOPHJlHO-COJteBOH 
11ei:'1Tp011onpm13D0JlSllllei\'1 MHWeHH 3JICKTpo!!JlCPHOh yCTaHOBKH np11 aKT11eau1111 Hl13KO::mepreTl1'1eCKHM11 11eHTpo-
11aMH, npHXOJlSllll.HM~I o MHWellb HJ 0Kpy)f(810utero pa3MH0)1(3t0Ulef'O 6JtallKCTa, 11 BblCOK03HepreTl1'1eCKHMH HCH­
TpollaMH, o6pa3ytOUlHMHCSl B caMOH MHWeHH, 



ACCUMULATIO OF RADIOACTIVE NUCLIDES IN NEUTRO ACTIVATION OF CHLORIDUM SALT 
TARGET OF ACCELERATOR-DRIVEN SYSTEM. A.I. VOLOVIK, A.S. GERASIMOV, G .V. KISELEV, 
T .S. ZARITSKAYA, V.D. CHERNETSKY. Accumulations of radioactive nuclides and radiation characteristics of 
chloridum salt neutron-producing target of accelerator-driven system are calculated for activation by low-energy 
neutrons from surrounding multiplicating blanket and by high-energy neutrons from a target itself. 

BBE,ll.EHME 

O6pa3osauHe HOBhlX HYKJTHJJ.OB s ueihpouonpoH3so.n;suu.ei1 MHmeHH 3neKTpo~epuo11. 

ycraHOBKH rrpe,n;cTaBJI.sJeT 60JibWOU HHTepec C T04KH 3peHIDI aKTHBa1..vm MHllleHH, ee pe­

cypca, pa.n;11a1J,HOHHOH 6e3o□aCHOCTH npH 3KCnnyaTaU,HH 3JieKTpo~epuoro KOMilJleKca H 

o6pam,eRlrn C OTpa6oTasrneu MHllleHblO. Tio,n;aBJHIJOIIJ,aSI 'laCTb HOBblX HYKJlHAOB o6pa3yeTCSI 

B pe3yJihTaTe pa3BHTHSI a,n;pOHHOI'O K3CKa,n;a npH na,n;eHHH npoTOHOB B MHIIIeHb. KpoMe npo­

TOHOB, MHIIIeHb no.n;sepraeTCSI TaK)l<e o6Jiy4eHHIO HeHTpoHaMH, npoH3Be;:{eHHhlMH 8 caMOH 

MmneHH, H Hei:iTpottaMtt, npttXOASllll.HMH H3 IlOAKPUTH4eCKOI'O 6JiaHKeTa, oxpy)KaJOm,ero 

MHmeHb. lloJIHa.sJ ou,eHKa npou,eccos o6pa3osaHHS1 HYKJIHAOB s 06Jiy 1rneMOH MHweHH 51B­

JisteTCSI seCbMa CJIO)KHOH 3a,Aa4e11. OrpaHH4MMC5111ccJie,Aosau11eM npou,eccos, npm1cx0Astlll.HX 

IlOA ,AeHCTBHeM HeHTpOHOB. AKTHB3U,H51 npOTOH3MH AOJI)t<Ha 6b1Tb npe,AMeT0M OTAeJibHOI'O 

paCCM0Tpemrn. 

McCJieJJ,OBaHO o6pa30Bam1e HOBblX paJJ,HOHYKJIHA0B B XJIOPHJJ.H0-C0JieB0H. M.HilleHH IlOA 

.n;e11.crsaeM HeHTPOHOB, 06pa3y10m,HXCS1 s MHmeHH H 6Jiam<eTe. XnopHAHO-coJiesast MlillleHb 

npeACTaBJI.sJeT cMeCb coneii NaCl H PbCI2 s MOJIS1pH011. nponopu,aH 2,8:7,2. B 1 r MHIIIeH» 

COAep)KHTCSI 0,0297 r HaTpHSI, 0,2815 r xnopa H 0,6887 r CBKHU,a . TaKaSI CMeCb C0JieH 

o6ecne4HBaeT H.H3KYIO TeMnepaTypy IIJI3BJJeHHSI 11 OKa3b!BaeTCSI IlOAXOA.sIIIJ,eH )J,JISI HCITOJl..b-

30BaHIDI B Ka 4eCTse )l<H,AKOCOJieBOH MHmeHH. 

Pe3yJibTaT&I aHaJIOrH4H0I'O HCCJieAOBaHH51 o6pa30B3HHSI HYKJIHAOB B BOJibcppaMOBOH MH­

meHH np.HBe)J,eHbl B pa60Te (1 ], B KOT0pOH Il0,Apo6Ho o6cy~aeTCSI MeTOAHKa paC4eTOB H 

yCJJOBHSI o6ny1.Jemrn: HeHTpoHaMH, npHXOJJ,SIIll,HMH 113 6naHKeTa, H co6CTBeHHbl.MH HeHTpO­

H3MH MHWem1. 

He.HTpoHbl, pm1<,Aal01.JJ,Hec.s1 B caMO.H MHllleHH, HMelOT 3Heprmo B cpe,AHeM nop~Ka 

2 M3B, 0AHaKO HX cneKTP IlPOAOJJ)l<aeTCSI AO cyl.JJ,eCTBeHHO 6onee BblCOKHX 3Heprnu. Cpe,n;IDIJI 

ITO OOl>eMy MHWCHH IIJJOTHOCTb IlOTOKa BhlCOK03Heprcn14ecKHX HeHTpOHOB COCTaBJI.sJeT npH-

MepHO 1015 HeHTp./(cM2 ·c) npH 3HeprnH npoTOHOB 1 r3B H TOKe ny4Ka 10 MA. 
lloTOKH H cneKTP HeHTpoHOB, npHXOA5UIJ.HX Ha MHilleHb 83 6naHKeTa, xapaKTepHbI )l_JISI 

o6bI4HhlX peaKT0pos. ,ll.JISI o6b11.JHbIX 6naHKeTOB Ha TeOJIOBblX HeHTpOHax IlJIOTHOCTb nOTOKa 

HeihpoHOB COCTaBJUJeT 1013-1014 He1hp./(cM2 ·c), a AJISI BblCOKOilOT04HbIX 6naHKeTOB MO­

)KeT AOCTB.raTb HeCKOJl..bKHX eJJ,HHHIJ. Ha 1015 HeHTp. /(cM2 ·c). 

llpH 06Jiy1.1eHHl>f XJI0PHAHO-COJieBO.H MHlIIeHH C xapaKTepHbIMH pa3MepaMH B HeCKOJl..bKO 

,n;eCSITKOB caHTHMeTpOB cy~eCTBeHHbl 3cp(peKTbl caM03KpamtpoBKH MHWeBH, npHBOJJ;SIIIl,He 

K npoCTpaHCTBeHHOH HepaBHOMepHOCTH IIOTOKOB TeilJJOBblX B pe30HaHCHblX HeHTpoHOB. Jfa-
3a 3TOI'O o6pa30BaHHe paJJ;HoaKTHBHhlX HYKJIHAOB npOHCXOJ:lHT B cym,ecTBeHHO MeHbllle.H 

creneHH, 1.JeM IIpH o6Jiy4eHHH TOHKOH MHWeHH. 

PaAH3U,HOHHhlMH xapaKTepHCTHKaMH SIBJISHOTCSI aKTHBHOCTb HYKJIHAOB Q, pa,n;HOTOK­

CH4H0CTb PT " npmrnse,n;eHHe Qf, D,aJOm;ee pa,ll,H.aU,HOHHYJO M0ID;BOCTb A03hl o6Jiy'leHH.st OT 

MH1IleHH (AJISI i-ro HYKJIH,Aa PT; = Q/ LI.A;, r,Ae LI.A; - npeJJ;eJJhHO AO□ycrliMhle 3KTHBHOCTH 

B BO)J,e [2 ], Qr = Q;f ;, rAe ri - raMMa IIOCTOSIHHa51 [3 ]) . PaA.Hall,HOHHhle xapaKTepHCTHKH 

06Jiy1.1eHHOH MHWeHH onpeJJ;eJI.sJIOTCSI rJI3BHhlM o6pa30M HYKJIHAOM 35s C nepH0AOM nony­

pacna;:{a 87 ,5 cyT' o6pa3y!OW.HMCSI H3 35Cl , np11cyTCTBy10m,ero B HCXOAHOH MKmeHH, no 

peaKIJ,H.H (n, p) . B MeHbWeH CTeneHH, 4eM 35s, paAHOTOKCHlf.HOCThOnpeJJ;eJISleTCSI HYKJJH,ll;aMH 
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36c1 H a - pa.ll,H03KTHBHblM 210Po (138 cyT), o6pa3yl0Ill,HMCSI H3 208Pb \fepe3 npoMe)KyTOt{HhfH: 

209Bi. ooJlh.woif eKJ1aA e paAH3U.H0HHYIO M0II.J.H0CTh A03hl BHOCHT 204TI (3,784 r.), o6pa-

3yIOmui1cSI H3 204Pb no peaK.l.l,HH (n, p) npH o6nyqemrn BhlCOK03HepreTHlleCKHMH ueihpo­

HaMH. 

AKTKBAlJ;RSI TEilJIOBblMH HEilTPOHAMH 

IT pH pacqeTax o6pa30BaH.HSI HYK.11H.A0B IIOA .ll,CHCTBHCM TCIIJlOBblX HCHTJ)OHOB 6JJaHKeTa 

CKOpOCTH peaK.l.l,HH BblllHCJISIJIHCb no 3HallCHHSIM TCIIJJOBhlX CC"\ICHIDI a. H pe30HaHCHblX HH-
. l 

TerpaJI0B Ii [ 4] H nepH0.ll,08 nonypacrra.ll,a (5] AJlSI 33AaHHblX 3HalleHKH IIJJOTHOCTH II0T0Ka 

TeIIJJ0BblX HeHTpOHOB <f> H )KeCTK0CTH cneKTpa y. YllHTblBaJJaCb C3M03Kp3HHJ)OBKa MHWeHH. 

Cpewme no 001>eMy MHweHH KClHU.eHTpao,HH Ha116onee 3HallHMhlX H30Tonos HaTpH.sr, 

xnopa, CBHHIJ,a 11 H0BblX HYKJJHA0B e Halla.lie 11 K0H.U,e o6nytteHHSI npe.ll,CTaBJieHbl a Ta6n. 1. 
OH.H H0pMHpoB3Hbl Ha 0,28 Sl.ll,ep HaTpHSI, 1, 72 Sl.ll,pa xnopa H 0, 72 Sl.ll,pa CBHHIJ,a a Hatta.ne 

o6nyllemrn, llT0 C0OTBCTCTBYCT HCXO.ll,HhlM MOJlSIPHHM nponopU,HSIM B XJI0pHWJ0-C0JICBOH 

MHWCHH. Pa.ll,HaIJ,HOH.Hble xapaKTepHCTHKH - aKTHBH0CTb Q, pa.ll,HOT0KCHllHOCTb PT H pa­

AH3ll,H0HH3SI MOW.HOCTb Jl.03bl Qf H0pMHP0B3Hhl Ha 1 r M.HWCHH. PaCCMOTpeHhl sapuaHTbl 

C <I>= 1014 HeHTp./(cM2 ·c) Hy= 0 H 0,4, COOTBeTCTByIOm,He TSl:)KeJI0B0Alf0MY H JICrKOB0.ll,­

H0MY 6naHKCTY, H <I> = 1015 HCHTp./ (cM2 ·c) Hy = 0, COOTBCTCTBYIOW.HH BblC0K0il0T0l.{HOMy 

TSl)KCJI0B0.ll,H0MY 6JJ.aHKeTy. IlpH .ll,HaMeTpe MHJilCHH 20 CM ee IIJI0THOCTb apHHH.Ma.nacb 

4,0 r/cM3• 

T a 6 n " u. a l . KOHU.CHTJ)aU.HH HYKJJHAOB H PaAHaU.HOHHble xapairrepHCTHKH MHWCHH 

npH OOJIY'ICHHH Te11.110Bb1MH HCHTpOH8MH B Te'leHHe I rOAa 

cl>, uewTp/ (cM2 · c) 

HyKJJHA T 112 , CYT Haqano 
1014 101s 

o6nyqeHHSI 

y=O I y = 0,4 y=O 

23Na 0,280 0,28 0,28 0,28 

24Mg 0 2,1 · 10-S l,3 •10-4 2,2 -10-4 

3SS 0 3,0·lo-s 2,2 -10-4 2,9 ·10-4 

3SCI 87,5 1,30 1,3 1,3 1,2 

36CI 3,01 · 105 neT 0 8,1 · 10-3 0,037 0,080 

31c1 0,417 0,42 0,42 0,42 

33Ar 0 2,6 · IO-s l,8· 10-4 2,6 · 10- 4 

204pb 0,0103 0,010 0,010 0,010 

20Spb 1,51 · 107 neT 0 9,7· 10- 7 2,7·10-s 9,9 · 10-6 

206pb 0,174 0,17 0,17 0,17 

201Pb 0,159 0,16 0,16 0,16 

203pb 0,377 0,38 0,38 0,38 

209Bi 0 2,7 · 10-3 9,8 •10- 7 2,7 · 10-7 

21op0 138,4 0 2,7. 10- 14 5,4 •10- 11 2,9•10-12 

Q, Ki-t/r 0,20 1,5 2,0 

PT, n/r 4,0·107 3,0· 103 3,9 · 103 

Qr, P · cM2/(r• q) 4,3· 10-6 2,0· 10-s 4,3 · 10-s 
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ITpeACT3BJieHHble .n.aHHble TIOKa3bIB8JOT, 4TO :xpcpeKTbl C3M03KpaHHpoBKH BeCbMa cy­

mecTBeHHbl. OIDI onpc.n.eJISIIOTCSI rJl38HblM o6pa30M HCXOAHblM HYKJIHAOM 35ct, HMeJOmHM 

TeTIJIOBOe Ce4eHHe norJJOI..L(eHHSI 43,6 6, H HOBblM HYKJIHAOM 36Cl. CpeAH5151 TIJIOTHOCTb TIOTOKa 

B MHlDeHH B 10-13 pa3 HH)Ke, '-ICM TIJIOTHOCTb IIOTOKa CHapy)KH MHmeHH. 

l13MeHeHHe KOHU,eHTpau.1111. H30TOTIOB uaTpIDl .11 o6pa3083HHe H30TODOB MarHHSI 04CHb 

MaJIO. vi3MeHeHJ,fe KOHU,eHTpall,J,fH HCXOAHblX H30TOilOB XJiopa 11 06pa3oaau11e 36CJ cocraa­

JISleT HeCKOJlbKO .n.ecSITKOB npou,eHTOB. 3aBHCHMOCTb KOHU,eHTpau.Hii OCHOBHblX P3AHOHyK-

JIHAOB 35S, 36Cl H 21 OpO OT CTICKTpa HeHTpOHOB AOBOJJbHO 3H34HTeJibH3. ITepeXOA OT o6-

ny4eHHSI B cneKTpe TSl)KeJJOBOAHOro 611aHI<eTa K CDCKTPY JICrKOBOA}iOro 6JiaHKeTa npH.BOJ:l.HT 

K yaem1-iiettmo Ko11u4ecTBa 35s a 7,5 pa3a, 36Cl B 4,6 pa3 11 210Pa 60J1ee llCM a 1000 pa3. 

CTOJlb 6om,mo11 3<P¢eKT AID! 210Po o6bsicH.S1eTCS1 TeM, '-ITO pe3KaS1 3aBHCHMOCTb OT cneKTpa 

HaMJOJ:l,aeTCSI y CKOpocrew peaKU,11.H o6pa30B3HHSI K3K npoMe)KyT04HOro 209Bi, TaK H 210Pa. 

AKTHBAll,IDI BhICTPblMliJ HEWTPOHAMH 

□pH 06ny•.JeH11H BblCOK03HepreTH4eCK11MH Hei1:TpOH3MH, pO)KAeHHhIMH B caMOH MHWe­

HH, HOBble HYKJIHAbl MOryT o6pa30Bb1B3TbCSI T3K)Ke no aoporoBblM peaKU,1151M (n, 2n), 
(n, 3n), (n, p), (n, a). KOHU.CHTpau.1rn HYK11-11AOB 11 pa.n.11au,110HHble xapaKTepHCTHKH J:l,JISI 

xnopH.ll,HO-COJJeBOH MHmemt, 06ny4aeMOH MOH03Hepren11.1eCKHM.J1 HCHTpOHaMH C 3HeprHSIMl1 

2 H 10 M3B, npeACTaBJleHbl B Ta6n . 2. 0J10THOCTH TIOTOKa HeHTpoHOB npHHHMaJIHCb 

'P = 1015 
H 1016 HCHTp./(cM

2
· c), 4TO np1rnepHO COOTBCTCTByeT TOKY npoTOHHOro ny4-Ka 10 

11 100 MA. 3tta1.1eHID1 HeHTpoHHhlx ce1.1ett11tt B3SIThl H3 6116nH0TeK11 ce1.1eH1111 [6]. AKTHBHOCTh 

H p3,llHOTOKCH'-IHOCTb npaKTH4CCKH IlOJJHOCTblO onpC,ACJlSIIOTC.SI HYKJJll.ll,OM 35S, a p3.ll,H3U,H­

OHHaSI MOW.HOCTb A03hl - HYKJJHAOM 204TI. 

T a 6 JI H u a 2. Ko11ue1rrpaUHR HYKJIHJ.{00 H PIIJJ.HaUHOIUlble xapaICTepHCTHKH 

npH 06J1y<1emrn BblCOKO:>HepreTH'ICCKllMH ueihponaMH 

HyKJIHA 
Ha4aJIO tp = I 015 CM-2 · c-1 tp = 1016 CM-2 ·Cl 

o6ny11e11HR 2 MsB I 10 MsB I 2 MsB I IO M:>B 
23Na 0,280 0,28 0,28 0,28 0,28 

24Mg 0 1.6 · 10-6 l,7·10-6 l,6 · 10-5 l,7· 10- 5 

35s 0 l,5· 10-3 4,3 · 10-3 0,015 0,042 

35CI 1,30 1,3 1,3 1,3 1,3 

36CI 0 3.3· 10-5 l,9·10-5 3,3· 10-4 l,8 · 10- 4 

37CI 0,417 0,42 0,42 0,42 0,42 

204Hg 0 2,5 • 10- 12 3,8 -10-10 2,5•10-11 3,8·10-9 

204pb 0,0103 0,010 0,010 0,010 0,010 

204T1 0 l,2· 10-9 l,8 · 10-7 l ,2·10-& l,8 · 10-6 

206pb 0,174 0,17 0,17 0,17 0,17 

201Pb 0,159 0,16 0,16 0,16 0,16 
20Spb 0,377 0,38 0,38 0,38 0,38 
209Bi 0 J,9· 10-5 2,0 · 10-5 1,9 · 10- 4 2,0· 10-4 

21op0 0 7,l ·J0-10 3,8· 10- 10 7,1 · 10-3 3,8· 10-8 

Q, KH/r JO 29 100 290 
PT, n/r 2,0· 109 5,7 · 109 2.0-1010 5,6· 1010 

Qf, P ·cM2/(r·4) 2,7 · 10-6 3,9•10- 4 4,3 • 10-5 3,9• 10- 3 
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PA.LI.11Al.I,l10HHblE XAPAKTEPl1CTHKl1 OBJJYqEHH08 MlfllJEHH 
IlPtt IlOCJJE,ll,YIOIII.ER Bhl.ll.EP)l(KE 

vkcne.nosaH11e H3MeHeHHH pa.n11au.1-1OHHblX xapaKTepHCTHK o6Jiy4eHHOH MHweHH npH 

nOCJICAYIOlllCH Bbl.!lCP)KKC B3)KHO )lJlSI pewCHHSI BOnpoca O cnoco6ax o6paw,eHHSI C o6Jiy4eH­

HOH MHWCHblO. 

3Ha4CHHSI pa.nHOTOKCH4HOCTH PT H pam•taU.HOHHOH MOlll,HOCTH AO3bl Qf npH BblACP)KKC 

B TC4CHJ1e 5 JlCT npCACT3BJlCHbl B Ta6n. 3. TTpHIDIMaJIOCh, 4TO o6ny4eHHe ncpe.n Bhl)lep)KKOH 

npOBO)ll1JlOCb B Te4CHl1C 1 ro)la TenJIOBblMH HeHTPOHaMH npH flJlOTHOCTH DOTOKa 

1015 Hdhp./(cM2 ·c) HJlH BblCOKO:)Hepreni:4eCK11Ml1 HCHTpoHaMH C3HeprHCH 10 M3B H IlJIOT­

HOCTblO nOTOKa 1016 HCHTp./(cM
2

·c). 

T a 6 JI H I{ a 3. Part.H3UH0llllblC xapaKTCpHCTHKH MHUICHH npH Bbl.11.CP>KKC B Te'ICIIHC BpeMCIIH T 

noc.,c OOJIY'ICIIHR TCIIJI0BblMH H BblC0K0:meprCTH'ICCKHMH 11cihpo11a11rn 

Tcnnoehre 11eihpo11b1 10 M3B IICthp. 
T, JICT 

Qr, P·cM2/(r ·•1) I PT, n/r Qr, P ·cM2/(r • tJ) I PT, nlr 

0 4.3 · 10-5 3,9 · 108 3,9 · 10-l 5,6· 1010 

4,3 · 10-5 2,2· 107 3,3·10-l 3,1. 109 

2 4.3 • 10-5 l,3 · 106 2,7 · 10-1 1,7 · 108 

3 4,3 · 10-5 I ,7 · 105 2,3 · 10-J l,0 · 107 

4 4,3 · 10-5 I, I· 105 1,9· 10-3 6,8 · 105 

5 4,3 • 10-5 I ,0· 105 l,6·10-3 1.3· 105 

KaK OTMC4a,1OCb paHCC, pan11OTOKCl1llHQCTb H paL{HaU.HOHHaSI MOW.HOCTb AO3bl onpc.ne­

JlSIIOTCSI rnaBHblM o6pa30M BblCOKO3HepreTH4CCKJ1M.H HeihpoHaMH. IlpH 3TOM rnaBHblH BKJla)l 

B pa)l1-1au.11OHHYIO MOW.HOCTb )lO3bl Qf AaCT 204TI C nepHO.!lOM nonypacna.na 3,784 ro.na. 3a 

5 JJCT Bb1.!lCP)KKH Qf YMCHbWaCTCSI B 2 pa3a. TTpH o6Jiy4CHHH TCDJlOBhlMH HCHTpoHaMH 

pa.n11au.11OHHaS1 MOW.HOCTb )lO3bl onpe.neJISICTCSI HYKJIHAOM 36CI C ncpHOAOM nonypacna.na 

3,05. 105 JlCT, KOTOpa.si B 40-90 pa3 HH)Ke, 4CM npH o6ny4CHl1H BblCOKO3HCprcTH4eCKHM.H 

HdhpoHaMH 11 npaKTH4CCKH HC MCHSICTCSI np11 BhlACP)KKC. 

Pa)lHOTOKCH4HOCTb onpCJJ.CJJSleTCSI HYKJJH.!lOM 35s C ncpHOJJ.OM nonypacna)la 87,5 cyT, 

a noe,1e cro pacna.na - HYKJJHJJ.OM 204TI. TTp11 BhlACP)KKC pa.D.HOTOKCH4HOCTb ctta4aJJa 6hlcrpo 

coa.a..1eT H3-3a pacna;1a 35s, 3aTeM Me)lJICHHO YMCHhWaCTCSl BMCCTC C pacna)lOM 204T1. 
3a 5 JJCT Bbl.D.CP)KKH OHa YMCHbwaeTCSI B 4 · 1(,5 pa3. n pH o6JJy4eHHH TCDJJOBhlMH HeH­

TpOH3Ml1 HCKOTOpblH BKJla)l B pa.D,HOTOKCH4HOCTb BHOCHT 36CJ, KOTOphlH npOSIBJlSICTCSl 

nocne pacnana 35S. 

3AKJllOlffiHME 

CpasHeHHC pa;1HaU,HOHHblJC xapaKTCpHCTHK, o6yCJIOBJJCHHblX HCHTpoHaMH, po)l(AeH­

HblMH B MHWeHH 11 HCHTPOHaMM OT BHCWHCro 6naHKeTa, npoBOJJ.HJJOCb B npe.nnoJJO.lKCHHH, 

4TO :)HeprnSI HCihpoHOB, pO.lKJJ.CHHblX B MHWCHH, COCTaBJJSICT 10 M3B H nJIOTHOCTb nOTOKa 

1015 
HeHTp./(cM

2
·c), 4TO npHMCpHO COOTBCTCTByeT TOKY npoTOHHOro ny4Ka 10 MA, a HCH­

TpOHbl OT BHCWHero 6JiaHKCTa HMCIOT nJJOTHOCTb noTOKa 1014 HCihp./(cM2 ·c) H )KCCTKOCTb 

cneKTpa y = 0,4, 4TO COOTBCTCTBYCT o6bl4HOMY peaKTOpy Ha TCnJJOBblX HCHTpoHax. Pe-

3YJihTaTbl cpaBHCHHSl noKa3blB3IOT, 4TO npH o6JiytleHHH B Te4eHHC I ro.na pa.D,HOTOKCH4HOCTh, 

o6yCJIOBJICHHaSI co6CTBCHHhlMH HCHTpOHaMH MHWeHH, npHMCpHO B 20 pa3 BhlWC, H pa.n11a-
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• 
UHOHH~HI. MOW,HOCTh Jl03hl np11MepHO B 5 pa3 BhlWC, 4CM Te )KC xapaKTCp11CTHKl1, 06ycJ10B­

J1eHHhle HCHTPOHaMH OT BHCWHero 6J1aHKCTa. 3TOT pC3YJlhTaT BCCbMa 83)1<eH, nOCKOJlbKY 

.z:tCMOHCTp11pyeT cyutCCTBCHHYJO pOJlh HCHTpOHOB OT C..1MOH Ml1WCHl1 B o6pa30BaHHl1 HYK­

Jlff,llOB, onpCJleJl5IIOlJ.ll1X pan11au110HHblC xapaKTCp11CTl1KJ,I Ml1WeHH. 

PanHOTOKCJ,lllHOCTh 06J1y4CHHOl1 MHlliCHH cpaBHl1Ma no nopSIJJ.KY BCJl11411Hbl C pan110-

TOKCl14HOCTblO .il0JlrQ)Kl18Yllll1X aKTl1Hl1.ilOB 11J111 nponyKTOB n.eJICHl1Sl OTpa6oTaswero SIJlCp­

HOfO TOrurnaa peaKTOpOB B83P-l 000. A6coJJJOTHblC 3Ha4eHl1Sl pani,rnu110HHOH MOW,HOCTl1 

Jl03hl np11 BbJJJ.ep)l(KC noKa3b183IOT, 4TO OCTaT04HOC 113,1Y4CHl1e Ml1WCHl1 AOBOJlhHO Cl1JlbHOC. 

ITp11 o6pautemnr C 06J1y4eHHOH MMWCHblO Tpe6yJOTC.51 cneu11aJ1bHblC MCpbl pan.wauHOHHOH 

3all.l,11Tbl. 
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Y ,UK 621 .039.5 

MO,LI,EJih YTIPABJIEHHSI AKCl1AJlhHhIM PACilPE)J;EJIEHHEM 
3HEPrOBhl)J;EJIEHl151 'SI.J!EPHOro PE~KTOPA ~ 

C <l>l1311'IECKH EOJlhIIJOM AKTHBHOM 30H011 
A.A. Kope1111oii, O.B. HeiJeJLu11, X,\teJtbHUU,KWI. A3C, HTYY KueacKuii. 

noAumex11u11ecKuii. u11cmumym, 04056, Kuea, np: llo6eiJbt, 37 I 5 

flpe)lJIO>Kellbl 3HaJIHTWleCKaSI MO)lCJlb, nOJBOJISII-OIUall onpe.11en11Tu OCHOBllble napaMeTpbl peaKTOpa. ynpan­
JJSleMoro no MCTO/zy non..riep>KaHHSl JaLHIHIIOl'O 311a•1et1HSI aKCHaJlbHOl'O o<f>cern BO npeMSl KCeHOIIOBOl'O nepeXO,IIHOl'O 
npou,eccn, a TaK>Ke cnoco6 nporuoJHponamrn ynpaBJ11110111,Hx noJ.11ef1crnuH. npone)l.e110 conocTaBJ1e11He n naHa 
HOna11 HIITepnpcTaU.HR pa11ee no11y 11e11HblX )lallllblX. 

THE MODEL OF AXIAL POWER DISTRIBUTION CONTROL FOR REACTOR WITH PHYSICALLY 
LARGE CORE. A.A. KORE OY, 0 . V. 1 EDELIN. The analytical model permitting to determine main specifications 
or a reactor, controlled on the method or a set value or axial orrset maintaining during xenon transient process is 
orfored. The way of prediction or control actions is indicatcq. The comparison is executed and the new interpretation 
is given for the da 1a obtained before. 

B CJiy4ae Heo6xomt.MOCTl1 ocymecra11emrn Matt ea pa MOUJ,HOCTblO peaKTOpa C Q)H3H4CCKH 

60JlbWOH aKTHBHOH 30HOH (AK3) oncpaTOp CTaJIKl1BaeTCR C npo6neMOH ynpaBJJCHHSI aK­

CHaJJbHblM nOJJCM 3HeproBhlAeJICHHSI H3-3a B03Hl1KHOBCHHSI KCCHOHOBOro nepexO,D.HOro npo­

uecca H Bhl3B3HHhl.X 3THM npou.eccoM Kone6aH11i1 aKc11aJ1bHoro o¢ceTa (AO) . 
KaK npaBHJIO, Matteap MOutHOCTblO nJl3HHPYCTCSI 11 ocyw,CCTBJISICTCSI KaK onpen.e.neHH3SI 

noCJien.oaaTeJibHOCTb cpaBHHTCJlbHO 6btCTpblX nepexon.oa MC)KJJ.Y ypoBHSIMH MO~HOCTH, Ha 
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K0TOpbLX peaKT0p pa6oTaCT np0JI.0Jl)KHTCJlbH0e BpeMSI. IT pH 3T0M 3aJl,a4a ynpaBJieHIHI noJieM 

:)Hepr0Bb1Ae11eHHS1 CB0JI.HTcst K noMep)KaIDrJO TCKyUJ,ero 3HalleHHst AO B6JIH3H 3a.n,attttoro 

3Ha lleHHSl [ 1 ]. 
ITpe)lCTaB11S1eTcSl u,cnccoo6pa3HbIM paccM0TpeTb 33JJ.al!y onpe.nencHHSI ycnoBirn, BhlD011-

Hem1e K0T0pblX He06XOJJ.HMO Jl.11Sl 0JJ;HOBpeMeHHOro TI0Mep.:>l<3HHSI DOCTOSIHHblMH TCOJI0BOH 

MOIIJ,H0CTH peaKTOpa ff AO BO BpCMSl KCeH0HOB0ro nepeX0JJ.HOro npou,ecca, Bbl383HHOI'O e.n,H­

H.Hll_HblM, CTyneH4clTblM H3MeHem1eM MOll.l,H0CTH. 

OnpeJJ.eJJHM AO KaK 

r,Ae QI, Q2 - MOUJ,H0CTb HH)KHCH H eepxHeH Il0JI0BHH AK3 C00TBCTCTBeHH0; Q = Ql + 
+ Q2 - M0lll,H0CTb AK3 B U,eJIOM. 

L{JISI peweHHSI pSI}l3 3aJW4 peaKTOpHOH Q)H3HKH B0OJIHe Jl.0CT3T0ll_HblM SlBJISleTCSI pac­

CM0TpeHHC CHCTCMbl B paMKax T04C4.HOH M0JI.CJJH. Llm1 nonyq_eHH.SI aHaJIHTHlfeCK0ro peweHHSI 

nocTas11eHttoi13aAa4H HCX0JJ.SI H3 onpeJI.eJiettnsi AO paccMoTpHM c11cTeMy K3KABYXT0tJ.e4HYIO. 

O4eBHJJ.HO, 4T0 Tpe6oeaHHe HCH3MeHH0CTH MOlll,H0CTH AK3 H AO 3KBHBaJieHTH0 Tpe-

6oeam110 HeH3MeHH0CTH M0ll.l,H0CTH K3)KJI.0H H3 noJI0BHH AK3. 

TTpH paCCM0TpCHHH nOCT3BJieHHOH 3aJl,a411 B0Cil0Jlb3YCMCSI AHcp<py3HOHHblM npH6JIH­

)KeHHCM Teop1111 nepeHoca HCHTpOHOB. OTMeTHM, 4T0 H.MCHH0 Ha ero MOAHQ)KK3U,HSIX 

0CH0Balihl paclfeTHblC K0MnJICKCbl, 11CD0Jib3YCMbie A.JUI HMHT3U,HH KCCHOHOBblX aepeX0JI.HblX 

npou,eccoe Ha JI.eikTBy10urnx peaKTopax A3C. 

OJlHOCKOpOCTHOe HCCTa 11,H0Hapttoe ypasHeHHe AHQ)Q)Y3HH 6c3 Y4CTa 3ana3Jl,bfBal0111,HX 

Heihp0H0B HMCeT CJI.eA)' lOU{HH B~: 

( l) 

3JI.CCb H Aanee HC00J1b3YJOTC51 o6ll.l,enpHH51Tble o603Ha4eHJrn. 

TipH pewemn1 OOCT3BJieHHOH 3aJJ.34H He paCCMaTpHB3JI3Cb KHHeTHKa peaKT0pa Ha 3a­

na3JI.blB3IOlll,HX He.HTpottax, TaK K3K npH Bblil0JIHeHJrn MaHeBpOB BpeMSI pa60Tbl peaxTopa 

na IlOCTOSIHHbIX ypoBHSIX M0lll,HOCTH H3MH0ro npeshllllaeT cpeJl,HeC BpCMSl )KH3HH 3ana3JI.bl-

83l0ll.l,HX HCHTpoHOB. 

ITOMHO.:>l<HM see 4J1CHbl ypaBHCHH.SI (1) Ha"£/ H npOHHTerp11pyeM no Q6beMy OJI.HOH H3 

Il0JIOBHH AK3. C4HT3SI BblX0A 3HCprtut Ha OJI.UH 3KT JI.eJICHHSI nOCTOSIHHblM, paBHblM CAH­

HHU,e, J,f HCUOJlb3Y.SI Tpe6oaaID1e O HeH3MCHHOCTH MOll.l,HOCTCH 0OJIOBHH AK3, IlOJIY4KM 

0 = :, f dYJ.:1 '1> _ = f dV<l> ~I + f dYJ.: I~; = jdV<l> [ ~/ - ul:/l.] + u f dYJ.:1V DV<l>, 
v, v, v, v, v, 

rAe 

JdVLjvDV<I> = JJv[V(L,DV<l>)-(DV"i:./)V<I>] = Jdv[V("i:.fJV<l>-<l>DV"i:.1)+<l>(VDVl:1)] 
v, v; v, 

HJIH B OKOH43TeJJbH0M Bl1JJ.e: 

(2) 

(3) 
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r.n;e L = L
0 

- VLJ~ V1 H V2 - OObeMbl HH)KHCl1 11 BepXHCl1 n0JI0BHH AK.3 C00TBCTCTBCHH0; 

SI, S2 - noBepxH0CTl1 D0JI0BHH, BKJII043SI DJ10CK0CTb HX pa3.n;eJia s. ITocKOJlhKY nosepx­

H0CTb AK3 51BJl.5leTcSI noscpxH0CTblO pa3pb1sa "I:./' B npasoii 43CTH v''i..1 sb14HCJISICTCSI s TO'll<ax, 

6ecKoHel!HO 6m13x11x K Hew 11 HaxoJIStWHXCSI BHYTPH AK3. 

Ypaattctt11si (2) 11 (3) a caM0M o6weM CJJyt:1ac SIBJI.sIJOTCSI yCJJ0BJUJMH noAD,ep)KaHHSI 

D0CT0SIHHblMH M0WH0CTH 11 AO BO epCMSI KCCH0H0Boro ncpeX0,IlH0I'O npou,ecca B 0AH0CK0-

p0CTH0M .n;mjxt,y3HOHHOM npH6JJH)KCHIH1. AHaJJOrl14HbJC ypaeHeHHSI M0ryT 6b1Tb noJJylfeHbl 

11 ,AJISI 60JlbWero 411CJJa 3HCpren,rtJeCKHX rpynn. HanpHMCp, JIJJ.SI JI.BYX rpynn 0HH HMCIOT 

B11,A 

l:v[ <1>6 (cv D6Vl:/6) + l:/6 ((vl)s - l:a6 - l:35) + l:/1' l:35 :: l] + 

rne 118,AeKC B C00TBCTCTBYCT 6b1CTpo11, a T TCDJIOBOH rpynne • .il,JHI np0CT0Tbl npHHSIT0, lfT0 

<IJ:..JT/ dt = d'i..fli/ dt . .il,aJJee 6y.neT noKa3aH0, 4T0 AJISI pemeH HSI Il0CT3BJieHHOH 33,A3llH BDOJJHe 

A0CT3T04.H0 0.D,li0CK0p0CTH0I'O np116J111:>KeHlH1 . 

.il,.llif ynpolll,eHHSl Il0JlytleHHblX ypaBHCHHl1 (2) "' (3) YCJJ0BH.MCSI, llT0 6y.n;yT paccMaT­

p1rnaTbCSI CJJylfaH, K0rJI,a d'i./ ~, = 0, v''i../ ➔ 0 Ha nosepxH0CTl1 AK3 .H IlJI0CK0CTH pa3,ACJia 

ec nonoaHH, a v'r.1 ➔ 0 no aceMy 06-hcMy AK3. no epeMeHHOH nepeMeHHOH 3TO .n;onyw.em,e 

npaKTl14CCKH T04HO Bblil0JJHSICTCSl Jl,1SI scex THDOB peaKTOpHblX CHCTCM . .il,onyCTHMOCTb Ta­

KOI'O ape.n;aoJIO)KeHHSl AJISI npOCTpaHCTBCHHOH ncpeMCHHOl1 MO)KeT 6bITb yCT3H0BJieHa .ll,JISI 

KOHKpeTHOro TJma pcaKTOpa nyTCM C0TT0CT3BJleHHSI pe3yJJhTaT0B paclfeTOB C 113BeCTHblMH 

.ll0CT0BepHblMH AaHHblMH, KaK STO 6yAeT c.nemrno nm, BB3P-1000. 
Om1paSlCb Ha Yw10BHSI 3a.1l,a411, npH HCCJICJI0.Bamrn nepeX0.[(HblX npou,eccoe C Jl0CTa­

TQlJHQl1 CTeneHblO T04H0CTH MQ)KHO ClfHTaTh ncpeT0K HefnpOHOB t1epe3 nosepXH0CTb pa3,ACJla 

n0JI0BJfH AK3 11 yTettKy 4epe3 BHeWHJOIO nosepXHOCTb IlOCTOSIHHblMH 

J dSDV<P = canst = R;- TorJI,a ypaaHeHfill (2) 11 (3) np11MyT e11.n;: 

s, 

HJJH a nepeMeHHhtx Q H AO 

f dV<l)'i..a = vQI + Rl; 
YI 

f dV<lJ'i..
0 

= vQ2 + R2 
v2 

J 
1 - AO 

dV<lJ'J:.
0 

= vQ 
2 

+ R2• 

vi 

ITpe.ucTaBHM 'i..
0 

KaK cyMMY cocTaBJJSIIOWHX 

'I.a = 'I.con+ 'i..13 + r.,g + Lxc• 

(4) 

(5) 
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r)].C .rcon - MaKp0CK0nH4CCK0e Ce4emre, onpe)].eJISllOlll;CCCSl norJI0W.CHHCM B K0HCTPYKU.H-

0HHhlX MaTepHaJtax }f T0nmrne 6e3 ACJICHIDI (mnaKH H T.D., 3a HCKJIIOl!CHHCM 135Xe); l:n -

CCl!CHHe, onpe)].CJlSllOW.eecsi HHTerpaJibHblM norJI0THTeJieM; .rg - onpe)].eJI11eTCSI. DOJI0)Ke­

HlfeM rpynn opraHoe pery,1HposaH11S1 CHCTCMhr ynpasJteHHSl u 33W.HThl (OP CY3); l:Xe -

CC4CHHe, onpe)].CJISIIOW,eecsi KOHU,CHTpau,HeH L35Xe. Tor)].a 3a)].a4a CBe)].eTCSl K onpe.)].eJleHIUO 

C0CTaBJISllOW.HX f dV<l>l:i' 

C.nenaeM A0nyw.eture 

(6) 

BocnOJlh3YCMCSl ypasHeHH5lMH, onpeJJ.eJI5llOW,HMM K0HII.eHTpau,HIO HOAa H KCeHoHa B Ka)K)].0H 
T0tJKe AK3, 

dX 
dt = )._J 1 - AxeX + Wxe<l>l:I - <l>l:xe; 

di 
)._JI= - dt + wi <l>l:f' 

rAe X = "i:.x/axe - K0HU.CHTpa1.vrn KCeHotta, I - K0HU.eHTpau.H.s1 HOJJ.a. 

TTpoHHTerpHposas np11seAeHHhte ypastteHHSI no Bepxtteu 11 HH)KHCH nonosimaM AK3, 
D0JIY4HM 

)._if ldV = - it f IdV + (J)i f <l>l:1dV. 
v1 v1 v1 

Pellll:IB ypaBHCW111 0TH0CHTCJibH0 f .rxedV, C YtJCT0M (6) D0JIYl!HM 

v, 

f Q(l ± AO) ! ( 1 ± AO) l vdV<l>l:xe= 4 JILi exp - Axe+ Qc,Xe n:I t X 
I 

[

(wi+ wxe)axe(l ± AO0)C2o (w;+ wxe)axeCl ± AO)Q 

x )._Xe+ axee2o(l ± AOo)/ n:I - )._Xe +axeQO(l ± AO)/ n:I -

_ w1axe Q0(1 ± A00)-Q(l ± AO) ]+ Q(l ± AO) x 
Axe - J..1 + axeQ(l ± AO) n:1 4 n:1 

X [wiaxe(Qo(l±AOo) - Q(l ± AO)) exp {-,Lt}+ (w;+ wxe)Qc,xeCl ± AO)]· (7) 

)._Xe - )._ J + axeQ(l ± AO)/ JILi i Axe+ aXeQ(l ± AO)/ n:I 

3AeCb 3HaK «+» nepeA AO cooTeeTCTByeT HH)t<Heii nonosHHC AK3 ( v1), «->> - sepxtteii 

nonosHHe (V2); Q0, AO0 - M0W.HOCTh AK3 H aKCHaJibHhlH ocpceT nepeA HatiaJI0M MaHespa 

C00TBCTCTBCHH0. 
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W' 

PaccMOTpHM npe,nJJo)KeHHhlH B pa6oTe (2 J MeTOJJ. ynpasnemu1 rrnneM 3Heproshl.n_enemu, 
s AK3 BB3P-1000 c T04KH 3peHHSI «JJ.BYXT04e4HOH» MOAen11. TipH 3TOM sse.n_cM Hcn0Jlh-
3osatt11e 6opttoro perymIposattIu1. 

11CXOASI H3 onpeAeJJeH.HSl AO, noCTaHOBKH 33A34.H H JJ,aHHhtX O TOM, 4TO aKCH3JlbHOe 
pacnpe,AeJJeBJ-Ie TIJIOTHOCTH Tern10HOCHTem1 B peaKTope onHCblBaeTCSI cpyHKIJ.HeH THna rn­
nep60JUl4eCKOf'O KOCIrnyca, cpym<U,HIO Ib npc,nCTaBHM B BH,Ae Ib = A(t)~(r), rAe ~(r) -

cpyHKU,HSI pacnpe,AeJJeHHSl nJIOTHOCTH TCnJJOHOCHTeJJSI no BblCOTe AK3, A(t) - rpacpHK H3-
MeHeHHSI KOHU,eHTpau,1,rn 6opa B TenJIOHOCl1TeJJe. <DyHKLl,HJO ~(r) npH6Jl.H)KeHHO npeJJ,CTaBHM 
B BHAe KYC04HO-nOCTOSIHHOH cpyHKU,lrn: ~(r) = I - aQ, B HH)KHeH TIOJIOBHHe AK3, a 

~(r) = 1 - a(Q1 + Q2) - a Bepxtteii nonoBHHe AK3. 

TinoTHOCTb TenJIOHOCHTCJJSI Ha axoJJ,e a AK3 C4HTae-rcsi nocro.srnttoif AJ151 AaHHoro yposHSI 
MOUJ,HOCTH, yCJiostto pasttow e,A11H11u,e. Tor.na 

! dV<l>Ib= A(t) ( l - aQ l +2 AO) Q(l 2~:0); 
I 

f dV<l>Ib= A(t)(I - aQ) Q(l 2~ AO)_ 
V I 

2 

Han60J1bm1111 uuTepcc npCACT3BJISICT noJJO)KCHHC OP CY3, npH KOTopoM nepexo.n_ttbIH 
npou,ecc 6yJJ.eT npoTeKaTb 6es H3Mettettusi AO. Tip11 3TOM H3Mettett11si aoJIO)Kemrn caMHX 
OP CY3 He noTpe6yeTcsi. Tio3ToMy c AOCTaTO\lHOH crenetthlO T04HOCTH npeHe6pe)KCM sa-

BHCHMOCTblO f dV<llLg OT apeMCHH. B peaJlbH011 CHCTeMe 3TO Tpe6osaHHe 6y,neT BhUIOJIHSlTbC.Sl 
v, 

T04HO TOJibKO B cny'-lac, eCJIH np11 ynpaanctt1111. OT.lleJJbHbJC OP CY3 BBOJJ.SITCSI B AK3 n11.60 
nOJlHOCTblO, m-160 AO IlOJlOBHHbl. B OCTaJJbHhlX CJJy4aSlx OHO BbtnOJIHSleTCSl np116JU1)KCHHO. 

Bse.neM o6o3Ha4eH11S1 

G1= f dV<l>Icon+ f dV<l>Ig- R 1; G2= J dV<l>Icon+ J dV<l>Ig- R2• 

v, v
1 

v
2 

v
2 

TiepemnneM ypaatteHHSl (4), (5) C y4eTOM BBeJJ.CHHhlX o603Ha4CHHH. 11CKJll04aSI H3 
nony'-leHHhIX B HTore ypasHeIDlu cpyHKLl,H.IO A(t), npHXOJJ.HM K CJie.n_y10w,eMy ypastteHKIO: 

l + AO Q( l + AO) I ( 1 + AO) j GI- vQ 2 + 2VI./ exp - Axe+ Qaxe n::/ t x 

x [(w;+ wxe)oxe(l + AOo)Qo - (cu;+ wxe)oxe(l + AO)Q -

Axe+ oxeQO(l + AOo)IVII Axe+ oxeQ(l + AO)/ VI.I 

_ wioxe(Q0(1 + A00) - Q(l + AO))]+ Q(l + AO) x 
Axe- Ai+ oxeQ(l + AO)/VI.f 2VI.f 

[

w;oxe(Q0(1 + A00) - Q(l + AO)) (wi+ wxe)Qaxe(l + AO)l _ 

x Axe- A.I+ axeQ(l + AO)IVII exp {- Al} +Axe+ aXeQ(l + AO)IYI1J-

( 
I + AO) ( 1 + AO) _ (1 + AO) l - aQ 2 [ _ l _ AO] Q(l + AO) 1 - aQ 2 

- (1 + AO)(l - aQ) G2 vQ 2 + 2YL.,.(l- aQ) x 

I ( 1 - AO) j [(w;+ wxe)0 xe(l - AOo)~ 
x exp - Axe+ Qaxe 1~ t ,1. + Q (1 - AO )/n:: -

Y k f Xe a Xe O O I 
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_ (w;+ wxe)axe(l -AO)Q _ wjaxe(C2a(l - AO0) - Q(l -AO))]-+ 

Axe + axeQ(l - AO)/ n:1 ).Xe - J.i + axeQ(l - AO)/ n:1 

l + AO 
Q(l + AO) (1 - aQ 2 ) [wi axe (Q0(1 - AO0) - Q(l - AO)) 

+ 2VL11 - Q) A -J. + Q(l - AO)/Vl: exp {-A;f} + 
1, a Xe j axe I 

+ (wi+ wxe)Qaxe(l - AO)]·. 
Axe+ axeQ(l - AO)!VL1 

ToLIHoe pemeH.He ::noro ypaaHeHKY M0)KeT cym,eCTB0B3Tb T0JibK0 npH TpHBHaJibHblX yCJio­
BHSlX: Q = Q0, AO = AO0. Ho npn MaJJbIX aQ(aQ/2 << 1) npH6JJH)l(eHHoe peweHHe JlJUI 

mo6blx Q, Q0 cymecTByeT npH AO= AO0= 0. Jl;u1 peaKTopoa THna BB3P-1000 

aQ/2 < 0,05 Ha mo6bIX yp0BHSIX M0~H0CTH. ITO]lCTaHOBKa a D0Jiy'leHHOe paaeHCTB0 
AO = AO0= 0 AaeT ypaatteH.He ;:vrn onpeJJ.eJiemrn noJI0)KemlSI OP CY3. 

OTMentM, llT0 noJJytteHHblH pe3yJI.bTaT xopowo C0Bna]laeT C paClfeTHhlMH H 3KCnepH­
MeHT3JlbHh1MH JWHHbIMH, II0JJy4eHHbIMH pattee H npe]lCT3BJieHHhlMH B pa6oTe (2 ). O]lHaKO 
Tenepb 3TH ]l3HHble MoryT 6b1Tb IT0-HH0MY HHTepnpeTHP0BaHbl: 

- M0:>KH0 CAeJiaTb BbIB0Jl, 4T0 JlJI.Sl MHHHMH331.J;KH B03HHXatO~HX nOCJie e]lHHHllHblX 

Kone6aHHH M0~HOCTH AK3 cy~ecTBeHHo He TOJlbK0 co6JI.tOJJ.eH.He paaettcTaa AO0 = AO, 

HOH caMo 3H34eHHe AO, K0T0poe, KaK BHAHO, A0JI:>KH0 6h1Tb 6JIH3KHM ttymo; 
- nocn.e psr.n,a II0CJI.e,AoaareJlbHNX nepexo,AOB, npn K0T0phlx AO0 = AO1 = AO2= ... = 

= AO 
11 
= 0 (AO; - ocpceThI a KaX<A0M H3 cocTo.srnuii), Y4HThlBasr, 4T0 perneHHe ace-TaKH 

npH6JIHX<eHHOe, A0JIX<eH Ha6JitOA3TbCSI poCT aMTTJIHTYJlhl B03HHK3tO~eH B0JIHhl, KaK 31'0 
3acp11Kcnpoaatto a L2 ], HO .n,oJIX<HbIM o6pa3oM He OObstCHetto; 

- A0JIX<Ha npHcyrcraoaaTh onpeAeJieattasr 3aBHCKM0CTb aMnJIHTYAhl AO OT r11.y6imhl 
nepexo.l).a, 4T0 D0JJ.TBepX<AaeTCSI npoB0JJ.HMblMH pac4eTaMH. ITpH 3T0M, Hapsr,Ay C r;ry6HHOH 
nepexoAa, aQ S1BJI.S1eTCS1 AJISI A3HH0H 3a.n,a4H xapaxTepHCTHKOH aMTTJIHTYAhl B03Hm<aIOm,eH 
B0JIHbl AO. 

Tenepb C T04KH 3peHHSI ABYXT04e4HOH M0AeJI.H paCCMOTpHM MeT0Jl ynpaBJieHHSl Il0JieM 
3Heproeb1AeneHHS1 e AK3 BB3P-1000 6e3 HCn0Jib30BaHHSI X<liAKOCTHoro pery;rnpoaaH.1151, 
OilHCaHHbIH B pa6oTe [3]. B 3T0M CJiyllae M0>KHO C'IHTaTb Il0CTOSIHHblMH HHTerpam,1 

f dV<l>l:b. 
v, 

B 0CH0BHbLX ypaBHemrnx 

fdV<l>l:con+ fdV<l>l:b+ fdV<l>l:g+ fdV<l>l:xe= vQ 1 +2AO + RI; 

~ ~ ~ ~ 

jdV<l>l:con + f dV<l>l:b + f dV<l>l:g + fdV<l>l:xe= vQ l \ AO + R2 

~ ~ ~ ~ 

nocT0SIHHble cnaraeMble o6o3Ha'IHM L1= fdV<l>l:con+ fdV<l>l:b- R 1-vQ/2, L2= 
v, v, 

= f dV<l>l:con + f dV<l>l:b - R2 - vQ/2 H c y'leT0M (7), a TaK)Ke yCJioBHSI AO = AO0= 0 no-

vi vi 
nyllHM 3aBHCHM0CTH, onpeAe.IDitO~Ke JlBH>KeHHe rpynn OP CY3 ao apeMsr npou;ecca 

[dV<l>l:g= - Li - ~ exp!-().xe + Qaxe ~) t)x 
I 
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x [ (w;+ wxe)0 xeQO _ (w;+ wxe)0 xeQ _ wi 0 xe(Qo - Q) _ 

Axe+ 0 xeQ/ Vi.I Axe+ 0 xeQI Vi.I Axe - Ai+ 0 xeQ/ Vi.I 

Q [ W; 0 xe<Qo - Q) (wi+ wxe)Qoxe - -- _ _...;._.;:.__...;__ __ exp { - kt} + ___. _ ____;_;;_....;..;;..;;;_ . 
4 Vi.I Axe - Ai+ 0 xcQ/ Vi.I I Axe+ 0 xeQI Vi.I 

(8) 

3AeCb paseHCTBO npH i= 1 OTHOCHTCSI K HH)KHCH nOJJOBl.fHC AK3, a npu i=2 - x BepxHeH. 

,llJJSI onpe,!J,eJieHHSI peaKTHBHOCTH, BHOCHMOH a BCpXHJOIO WIH HH)KHJOIO ITOJIOBHHbl AK3, 

B0CflOJlb3yeMC51 H3BCCTHOH H3 pa60Tbl [41 cpopMyJJOH O,!J,HOrpynnOBOH TeopKH B03MYW.eHHH, 

KOTopaSI AJISI AaHHOH 3aAa4H 11 B npHHSITblX np116JJH)KCHHSIX 6yAeT HMeTb BHA 

(9) 

IlpH 3KcnnyaTau,mt 3Hcpro6J10Ka 3Ha4.CHHSI 3cp<peKTHBHOCTH rpynn OP CY3 scer,!J,a 3apaHee 

H3BeCTHbl. 3ttaSI HX, MO)KHO noCTpOHTb 3aBHCHM0CTH OT spCMCHH noJIO)KeIDUI K3)KAOH H3 

rpynn OP CY3, HCnOJJh3yeMhlX AJJSI ynpasneHHSI noJJeM 3HeproBhl.1J.eJJeH11S1. 

Ha pHCYHKe conocrasneHhl 3asHc11Mo- 90,-------------------. 
CTH DOJIO)KCHHSI rpynn, HCDOJlb3YeMhlX JlJlSI 

ynpaBJICU.lSI rrepexOAHblM npou.ecCOM B ce­

PHHHOM peaKTope BB3P-1000, OT speMe­

HH, ITOJlY4CHHblC pac4eTHblM nyTeM, a TaK­

)KC paCC4.HTaHHblC no nporpaMMC 

BH:IlP-7 A. ,llnsi np11Mcpa Bhl6paH npo­

u,ecc, Bbl3BaHHblH OAHH04.Hb!M nepeXOAOM 

C HOMHHaJJbHOr'O ypoBHSI MOI:qH0CTH Ha 

75% Q O 'aHaJJOrH4Hbl.H npeACTaBJJCHH0-
11 M 

MY s pa6oTe [3 ]. Bo BpCMSI nepeXOAa " a 

Te4CHHe scero nepexoAHOro npou,ecca KOH­

ueHTpau,irn 6opHOH KHCJJOTbl a nepB0M 

KOHType HeH3MCHHa, a aMnmtTyAa OTKJIO­

HCHHH. AO cocTaBJJ51eT oKoJJo 3 % • IlpH 

ocym.eCTBJICHHH MaHespa nOJIO)KCHHC 

rpynm,1 10 OP CY3 H3MCHHJJOCh c 80 AO 

70% OT HH3a AK3, nOJIO)KCHHe rpynnhl 

5 - OT 100 AO O % • 

80 

;,
0 

70 
("{ 

Go0 
0... 

~ so 
;: 
§:-1-0 
; 
;'; 30 
~ 
0 a 2.11 

c::: 
10 

0 

fpyima 10 

2 3 4 5 6 7 8 9 IU 11 12 

Rp,:MII OT 1134aJ1a npo11ecca, 4 

rpacj>HK nepeMell.lCHHSI rpynn OP CY3 uo epeM11 ynpau­

nem111 nepeXOAllbfM npouecCOM 6e3 H3MCHCHHSI KOHUCIIT-

paum-1 >KHAKOl'O nOrJJOTHTCJISI: -- - paC4CT C HCl10Jlb-

30DallHCM cpopMyJI (8). (9); ... - paC•ICT no nporpaMMC 

6ITTIP-7A 

Pac4eTHoe onpe.neneIDte BCJJH4HH L; sisnS1eTCS1 OTACJJhHOH, AOCTaT04HO CJIO)KHOH 3a­

.zw4e11, He OTHOCSlW.eHCSl HCnocpe,!J,CTBCHHO K TCMC .!J.3HHOH pa60Tbl. OTMeTHM, 4TO 3TH BC­

JIHlfflHbl MOryT 6h1Tb IlOJIY4CHbl, HanpHMep, 8 npou.ecce 3KCnepHMCHTOB, auanorH'iHbLX 

WTaTHblM, KOTOpble peryJurpHO npOBO,!J,SITCSI Ha )leHCTBYIOW.HX 3Hepro6noKaX. B ,!J,aHHOH pa-

6oTe TaKHe HCCJie,!J,OBaHHSI He npoBOAHJJHCb. BMeCTO 3TOro .!J.JlSI npoBe,!J,eHHSl KOJIH4.eCTBeHHOI'O 

aHaml3a cpopMhl KpHshlx, nono)KeH1u1 rpynn OP CY3 s Ha4ane npou.ecca 6blJI11 cosMew.etthl. 

OcraJibHble IlOCTOSIHHble BeJlHlfHHbl, npHCYTCTBYIOW.He 8 (8)' 83SITbl H3 pa6oT no Q)H3HKe 

peaKTopos, ttarrp.uMep [ 4 ]. 
Ha6JJJOAaeMhie pacxo~eHHSI 8 □OJJO)KeHHSIX rpynn Bbl3Balibl TeM, 4TO npH pac1.1e-re 

no rrporpaMMe BH:IlP-7 A .ucn0Jih3osaJJoch ABaAu.aTucnoi1Hoe BblCOTuoe npeACTasneHHe AK3 

H, cooTBeTCTBCHHO, Morno 6bITh 3a,!J,aHo TOJJhKO .!J.HCKpeTHOe nonoX<eHHe OP CY3. KpoMe 

Toro, MeTOA, OCHOBaHHblH Ha HCDOJlb30Bamrn pa3HOro po,!J,a HMHTaU,HOHHblX nporpaMM, rrpH-

80,!J,HT K npocroMy noA6opy Ha116onee □O.!J.X0A.SIIIlKX noJJo)KeHHH OP CY3 B Ka~oft: T04.Ke 

npouecca, B ;!:{aHHOM CJiy•-rne 4epe3 KaX<AblH lfaC • .D,ucKpeTHOCTb 3TKX DOJIOX<eHHH H CJIO)K­

HOCTb ou.eHKH BJIHSlHHSI Bb16paHHOI'O B03,!J,CHCTBHSI. He TOJJbK0 ua ,!J,aHHYIO T04.Ky' HO H Ha 

seCh nOCJie,!J,ylOID,HH 0Tpe30K npouecca SIBJISUOTCSI ,!J,O□OJIHHTeJihHblM HCT04HHKOM paCXO)K­

,!J,eHHH. 
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AHaJHt:3 noJJy4CHHblX pe3yJJbTaTOB n03BOJUleT CAeJJaTb CJieD,ytOll.lHe BblBOJlhl: 

- K ocHOBHblM napaMeTpaM, onpeAemuomnM D,BH)Kem1e rpynn OP CY3 s npou,ecce 

ynpasnemrn nOJICM 3HeprOBbtAeJieH.HSI C HCnOJib30BaHHeM MCTOAa nOMCp)KaHHSI IlOCTOSIH­

HOro AO, OTHOCSITCSI BeJIH4Jrna H3MeHeHHSI MOUJ.HOCTH H ::xt>¢eKTHBHOCTH HCDOJI.b3yeMblX 

rpyan OP CY3; 
- T3KHe cpaKTOpbl, KaK MOMCHT KaMnaHHH peaKTOpa, ee JlJIHTeJibHOCTb, cxeMa pac­

nOJJO)KeHHSI TOnJIHBa B AK3 H T.n., OK33b1B3JOT BJIJ,fSUUte JIJ,f60 M3JI03Ha411TeJibHOe, JJH6o 

onocpeD,osaHHoe 4epe3 3QJQJeKTHBHOCTH rpynn; 

- BblCOKaSI T04HOCTb cosnaD,eHHSI peJyJJbTaTOB CBHD,eTCJibCTBYCT O B03MO)KHOCTH co-

3D,aHH51 onepaTHBHOH MeTOD,HKH, fl03BOJISIJ0lll,CH onepaTopy B npou,ecce 3KCDJJyaTaU,HH pe­

aKTOpa 6btCTpO COCTaBJISITb H OUCH.Hl3aTb rpaQ)HKH H3MeHeHHSI OCHOBHblX oapaMeTpoB PY, 
onpeneJISISI HaH6onee 3QJQ)eKTHBHbl.H o6pa3 AeHCTBHSI H3 scex 803MO)KHblX. 

B 3aKJJI04CHHe OTMeTHM, 4TO B03M0)KH0CTH .ll.BYXT04C4HOH MOD,CJIH He HCtjepmll.BaJOTCSI 

npuseAeHHblMH npHMepaM11. AHaJIOfH4HO H3JIO)KeHHOMY OHa MO)KeT 6hlTb npHMeHeHa K 

paCCMOTpeHHJO <<MeTOAa u,yra>> [5 ]. HaH60JICe HHTepecuoe eanpaBJICHHe ee pa3BHTHSI -

paCCMOTpeHHe nepeXOJI.HblX npou.eccos, Bbl3B3HHblX PSIAOM DOCJICAOB3TeJibHblX H3MeHeHHH 

MOll.lHOCTH peaKTOpa. 
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Y .[(K 621.039.5 

3HEPrIUI BMrHEPA B BhITECHlITEJUIX CY3 PEAKTOPA PBMK 

A.H. /1,ocmoB, PHI{ <<KypitamoGcKuii w1cmumym>>, 123182, MocKGa, n.11. Kyp'lamoGa, 1 

ITpoBCAeHO a11an11T11•IeCKOe l1CCJ1eAOBaH11e TeMneparypttoro pe>KHM0 rpacf>11Toeoro 6noKa BblTCCHHTeJJSl CY3 
peaKTOpa P6MK 11 HaKOnJICHl1Sl B HeM 3Heprns,r B111'Hepa . TToKa3aHO, QTO np11 3KCU.eHTp11qecKOM pacnoJJO>KeHl111 
6noKa o 3a11J.11T11oi:'! o6onoqKe ero cpeAHSJ.si TeMTieparypa Cl1JlbHO c1111>KaeTc11, a 3anaceH11a11 311epr1111 yeens,rq1113aeTc11. 
J,f3-3a 3TOro HeAOCTaTKa KOHCTPYKIJ.111,f KOJll1QeCTBO JanaceHHOH 311epr1111, KOTOpoe cnoco6HO Bbl]leJJl1TbCSl B aaa­
PHHHOH cs,rryau.1111 C o6e3BO>KHBaH11eM KOHrypa OXJla>KAeHl1Sl CY3, MO>KeT OKa3aTbCSl AOCTaTOQHblM, QTo6bt np11-
BCCTl1 K nnaBJ1eII1110 3aW.11THblX Tpy6 11 MaCCOBOMY BblXOAY BbrrecmtTenei:t 113 CTpOSl. 

VIGNER E ERGY I THE REACTOR RBMK CPS DISPLACERS. A.l. DOSTOV. Analytical investigation 
of RBMK reactor CPS displacer graphite block temperature conditions were carried out. It was shown that at 
eccentric location of the block in the shielding sheath average temperature of the block decreases sharply . Due to 
design demerit energy stored in the graphite may release in accidents initiated by loss of coolant in the CPS cooling 
circuit . Ir will result in melting of shielding sheath and mass failure of of the displacers. 
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BBE)l.EHHE 

BhlTeCIDITeJTH BOJJ.hl npeJJ,yCMOTpeHbl B CHCTeMe ynpaBJleHl!UI H 33W.HThl (CY3) peaKTOpa 

P.6MK. Ka)KJJ.hlll BhITeCHHTeJJh cocTOHT H3 U,HJIHHAp1:rtJecKoro rpacp11Toeoro 6JJoKa, noMe­

m.eHBoro B 3aW.HTHYIO Tpy6y H3 3Jl.lOMIDIHeeoro CITJJaBa. ITpu o6nytJeHHH 8 peaKTOpe B 

rpa<pHTOBOM 6noKe BhlTeCHHTeml HaKail./1.lIBaeTCSI 3Hepnrn Bnmepa. KOJIJiflleCTBO 3anaceH­

HOH 3Heprirn 3aBHCHT OT TeM.nepaTyphl BhITeCHHTeJISI. lleM HH)Ke TeM.TiepaTypa rpa<pHTa, 

TeM 6oJihme 3anaceHHasi 3Hepr11si. llmr TeIUioaofl 1130.11siu,HH rpacpuToeoro 6JJoKa 6&rJJ rrpeA­

ycMoTpeu ra3oahl..H 3a3op, a TeMnepaTypa rpacpHroaoro 6.110Ka onpe,AeJJJ1nach H3 ycnoa11si 

ero KOHUeHTPHlleCKOro pacnOJIO)KeHIDI B 3aW.HTHOH o6oJIO"lJKe. TTpH 3TOM paClleTHaSI TeM­

rrepaTypa 6noKa AJISI cpeAttero 3HeproBhI.D;eJJemrn: B rpa<pnTe 6noKa npesblwana 100 °C. 

C'fflT3JIOCh, l!TO 3anacettHaSI :meprHSI npB 3TOM OTHOCHTeJihHO Mana, TaK l!TO 3cpq>eKTaMH, 

o6yCJIOBJieHHbfMH ee BhlJJ.eJJCHHeM, npeee6peraJIOCb (1 ]. 
OAH3KO YCJIOBHSI c6opKH, Tpaucnopn1pOBKH H yCTaHOBKH BhITeCHJfTeJJeH B peaKTOpe 

He rapaHTHPYIOT KOHII.eHTpK4eCKOro pacrrOJIO)KeHJrn 6JJOKa OTHOCHTeJibHO 3am.HTHOH Tpy6hl. 

Cne.u;oaaTeJibHO, 3KCUeHTPHlfeCKOe pacnOJIO)KeHHe 6noKa AOJI)l(HO paccMaTpuaaThCSI KaK 60-

nee aeposiTnoe npH rrpoaeAeHHH aHamrna 6e3orracHoCTH peaKTopa. TipH cMem.emu-1 6JioKa 

ero cpe.!J;JUI.SI TeMnepaTypa CHlf)KaeTCSI, lffO B A3HHOK pa6oTe AOK33hTBaeTCSI Ha OCHOBe aua­

JIHTHl.JeCKOro pemeHHSI 3aJJ.all11 pacnpe.Aenemrn TeMIIepaTyphl a 6noKe. Tip11 cMea:r.emm 6noKa 
cpe,1],H.SISI TeMnepaTypa 6JJOKa MOJKeT 6hJTh HJil)Ke 70 °C. Ou,eHKH JTOKa3aJIH, lITO np11 TaKOH 

TeMIIepaType o6n~eHRSI 3anaceuuasr 3Hepm:S1 a 61mxe MO:>KeT AOCTHI'HYTh 600 KaJI/r. TipH 

apoeKTHhlX aaapHSIX, HHHU,HHpyeMhIX IlOTepeii Te.DJIOHOCHTeml B KOHType OXJTa)K,ll.erurn 

CY3, BhlJJ,enenne 3anaceuHOH 3oeprHH MO)KeT npaaecr11 x nnaeneRHIO Tpy6 BhlTecmneneH. 

B aKTHBHOH 30He peaKTopa P.6MK TpeThero nOKOJJemrn ycTaHOBJieHhT 187 KaHaJJOB 

CY3, KMeJOa:r.Hx rpacpHTOBhie BhlTecHHTenH. B JJ,aHHon pa6oTe npeAJ1ara10TCS1 MepbI no npe,n­

OTBpam.emuo MaCCOBOI'O BhlXOAa 83 CTp05I 3THX BblTeCmITeneii. 

AHAJIHTJ,JqECKOE PEIIIEHHE 

TeMTiepaTypaoe none a rpacpHTOBOM 6JIOKe MO)l(eT 6hl'Ib IlOJiyl.JeHO MeTOJJ.OM KOHel.fHI,IX 

pa3HOCTeH. O.AHaKO COOTBeTCTBYIOW.He KO.D;bl 5IBJl.SIIOTCSI co6CTBeHHOCThlO QJHPM H TPYJl.HO 

JJ.OCTynHhl AJISI HCIIOJih30BaHHSI . .6onee Toro, OHR, xaK npaawm, He aepncpnII,epoaaH1>I AJISI 

IJ0):(06eoro poJl,a npo6neM. Tio3TOMY Ba)KHO DOJI~KTh aHaJIHTH4eCKOe pemeIDie paccMaT­

PHBaeMOH 3a1l,al£H. TipeJJ,JlaraeMaSI MOJJ;eJlh II03BOJTSleT c;:,;enaTh 3TO. 

Ha pnc. 1 Il306pa)l(eHO B33KMHOe paClIOJIO)l(eHHe rpacpHTOBOro 6JIOKa H Tpy6hl BbITeC­

H.HTeml rrpH ueKOTopoM 3Kcu.euTpucuTeTe e = 6./ 6.0, r,Ae 6. = AB - cMem.eHHe ~eHTpos 

6JJOKa e Tpy6hl, 6.0 - HOMHH3Jll>HbIH 3a3op. TipH 3KCU.eH­

TpHCHTeTe 3a3op o = DE 6yAeT cpyHKUHeu a3HMyTaJihHOro 

yrna <pH MO)KeT 6blTh onpe,AeJJeH H3 TpeyroJihHHKOB ADC 

HBDC: 

o = ✓ R2- (6. sin <p)2 - 6. cos <p - r0, (I) 

r.n:e R - BHyTpeHHHH pai:(llyC Tpy6h1; ro - pa.n:eyc 6noKa. 

IlpH MaJihlX 3Ha4eHHSIX 6./R COOTHOmeHHe (1) MO)KeT 

6h1Th 3aMeHeHo 6onee npoCThIM: 

(2) 

raJoBblll 
3a30p 

P1-1c. I . 3KCl.lCHTp1-1•1ecKoe pacnono)l(e­
HJ,tC cep,ne11H11Ka 1-1 3al.l.{11TH011 06ono11-
K11 

BhlTeCHJITeJih OXJTa)K,ll.aeTCSI BOAOH B KOJihU,eBOM xauane, o6pa3oBaHHOM Tpy6oii BbT­

TeCHHTeJJSI H Tpy6ou., OTJJ.eJISIIOW.eH KaHaJJ CY3 OT rpacpHTOBOro 3aMeAJIHTeJISI. TeMnepaTypa 

BOAhl Ha BXOAe u BhTXOi:(e KOJfhU,esoro KaHaJia paeea 35 H 60 °c COOTBeTCTBeBHO. 
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.L(mt BapliaHTa KOHJJ,eHTPHlfeCKOro pacnOJ10)Keffl1.SI HMeeM ,Z:VlSJ paclfeTa TeMnepaTypttoro 

IlOJlSI B 3JleMeHTax BblTeCHHTeJISJ (rpaQ)HTOBbIH 6J10K, ra30BblH 3a3op, aam.uTHaSJ Tpy6a) 

oceCHMMeTPH'-IHYIO 3aAatJy TennonpOBOAHOCTH B MHOI'OCJIOHHOM JJ,HJIHH.D;pe. 3cp<f:>eKTHBHblH 

K03Q)Q)HJJ,HeHT TeIJJIODpOBOAH0CTH raaa B aaaope paBeH TellJloopOBOAHOCTH raaa rrpH BeJUf.­

l!JilHe aaaopa u aepena.n;ax TeMIIepaTyp Ha HeM, KOTOpbre HMeIOT MeCTo B peaJibBOH KOHCT­

PYKII,HH. JlnHemn,rn DOTOK TenJia OT rpacp1nosoro 6noKa K TelIJI0H0CHTeJlIO M0)KeT 6bITb 
aam1cau CJien:y10m;HM o6paaoM: 

(3) 

3.l:{eCb t w " to - TeMnepaTypa TenJIOH0CHTeJISJ H DOBepXR0CTH 6noKa C0OTBeTCTBeHHo; d 
1
, 

d2 - BHyTpeHHHH H BHelilHHH .D;HaMeTpbI Tpy6br C00TBeTCTBeHHo; do - AJ.iaMeTp 6JioKa; 

a - K03Q)Q)HD;MeHT TenJIO0T,ZWlfH OT rrosepxHOCTH 6noxa K TenJI0H0CHTeJno; ,lr - K03Q)­

Q).lfl.f,HeHT TenJionp0B0.D;HOCTH raaa B 3a3ope; A.06 - K03Q)Q)HU,HeHT TennorrpOB0AH0CTU Ma­

Tep10taJ1a o6oJIOlfKH. 

OTttowemrn AHaMeTpos d 1 / d0 H d/ d I AJISJ paccMaTpasaeM0H K0HCTPYKU.HH 6JIH3KH 

K l, ff D03T0MY Q)OPM)'Jia (3) C 60JlbIIIOH TO'-IB0CTbIO MO)KeT 6b1Tb 3aMeeeaa COOTBeTCTBy­

IOID,HM Bbipa)KeHHeM AJIR DJIOCKOH CTeHKH: 

(4) 

TepMw.teCKOe corrp0THBJiem1e D0TOKY TerrJia OT rpaQ)HTa K TeOJJ0H0CHTeJUO onpe.n;eJISJ­

eTCSI rnaBHhLM o6paaoM raaoBhlM aaaopoM. IlocKOJlbKY aaHMyTaJihHhie pacre1.1x:u TeilJia no 

raaosoM)' 3aaopy npette6pe)KHMO MaJlbl, IIIHputta raaosoro aaaopa a (4) MO)KeT 6b1Tb rrpe.n;­

CTaBJieHa KaK <PYHIW.HSI yrJia cp s C00TBeTCTBHJ.f c ypasHeHHSIMH (1) .HJIH (2), T.e. 

tw('P) - to 
qJ._cp) = c5 . 

.! + c5(cp) I-~ 
a A.r A.06 

(5) 

B paMKax npHHSITOH M0.D;eJIH crau.1muapHoe TeMnepaTypHoe Il0Jie B rpacpHTOBOM 6JioKe 

MO)KeT 6b1Tb Ha»JJ,eH0 Ha OCH0Be pemeHHSI ypasHeHIDI Ilyaccoua B (p, cp)-reoMeTpHH IIpH 
KpaeB0M YCJI0BHR TpeTbero POAa: 

B 3THX ypasuemrnx 

24 

,J20 + .! a0 + _1 a20 __ 1. 
ap2 p ap P2 acp2 - , 

~'PO + Bi(cp)0(l, cp) = 0. 
lp=I 

K(<p)r0 Bi(<p) = --- - KpRTepHH 6J10; 
).rp 

(6) 

(7) 

(8) 

(9) 



1 
K(rp) = ---- - - K03cpcpu:uHeHT TeIDiorrepenalfll, 

I o 000 -+-+-
a Ar Ao6 

(10) 

r.ue q v - MOID;HOCTb BH)'TpeHHHX HCTOlfHHKOB Teona; p = r Ir 0 - 6e3pa3MepHbrn paAJ1yc; 

r - TeKyIQl!H paAHyc; r O - panHyc rpacpHTOBoro 6noKa. 

Tnrn14Hhle 3aBHCHMOCTH lfHCJJa Bi OT yrna rp npH pa3-
HhIX a6COJIJOTHblX 3Hallemrnx CMem;e.HIDI OCH 6JJOKa OTHO­
CHTeJThHO OCH Tpy6hl IlOK333Hbl Ha pee. 2. 

MeTOAHKa pemeHIDI CHCTeMbl ypasHeHHH. (6) u (7) 
snepBbie 6h1Jla H3JJO)KeHa B pa6oTe [2 ]. Bs~y Ba)KHOCTH 
33Aa\lH ClllfTaeM :a;enecoo6pa3HbIM npuBeCTH OCHOBHble 
3TailhI ee pemeHHSI. 

Tipu Bi = Bi*= const, rne Bi* - MaKCHMaJJbHOe 3Ha­
lleHHe Bi Ha rrosepXHOCTH 6JIOKa, HMeeM H3BeCTHOe peme-
HHe 

(11) 

CQ 

20 

16 

12 

8 

4 

0 4(J 

C MCIJICHHC, MM 

-+-1,125 
-+- 0,375 
+0,75 

RO 120 ltiO 

!/J , rpaJt. 
PHc. 2. 3asHC11MOCTb 111-1CJ1a Bi OT yrna 'P 

Kr 
B·• 0 

l =~ 
rp 

npu K03Q>cpHIJ,neHTe Ternrnnepe.r{alln 

a2iJi + ! ~i + _!__ a2iJi - O· 
ap2 p ap P2 arp2 - , 

~-
O'PI + Bi(rp)1\(l, rp) lp=l = [Bi* - Bi(rp) }1'i-l lp=l • 

lp=l 

rne 1'i-l npH i = 1 pasuo 1'0 = 0*. 

(12) 

(13) 

(14) 

(15) 

Hae:neM pemeuue CHCTeMhl ypasHemrii: (14) H (15) ]lJUI i = 1 npH KpaeBOM YCJJOBHH 

iJ1'0 

apl + Bi* lp=l = /(0), (16) 

rne /(0) = a, eCJJu -/3 s rp s f3 e: /(0) = 0, eCJJH f3 < rp < 2n - {3. 
06m;ee pemeHue ypaeHeHHSl (15) MO)KeT 6hITb 331IHC3HO B BHAe 

A oc 

iJi = 2° + L Anp11 cos nrp (i = 1, 2, ... ), 
11=1 

TC 

A 11 = _; J f(rp) cos nrpdrp (n = 0, 1, 2, ... ). 
0 

(17) 

(18) 
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CJieAOBaTe.lihH0 

Ao_ 2af3 . 
T - nBi•' 

2a . /3 1 A =-sm n---. 
n nn n + Bi• 

ECJIH a= [Bi. - Bi(ip) tt>·(l), TO, COCTaBJIIDI COOTBe'rCTBYIOIIJ.YIO HHTerpa.TlbHYIO cyMMY 
no BCeM 6.ip 11 nepexoASJ K npeAeJIY, nony4HM: 

-i} (p ) = 0. (l)2.itJ Bi• - Bi(y.,) l (I + ~ Bi*p" cos n(p - y., ')] d , 0 9) 
1 • 'P B"• n £.. + B·• 'P . 

0 I n=l n l 

OKOH4aTeJibHOe Bhlpa)KeHHe AJISJ TeMITepaTypbl B T04Ke (p, ip) rpaq>HTOBOro 6JJOKa BbI­

TecHHTeJISI Tenepb MO)KeT 6blTb 3ailHCaHO B CJJeAyJOm.eM BHAe: 

2.7t 2.7t 

tJ(p, 'P) = 0•(p)+ 0•0) J Bi*-B~i(y.,' ) G (p , ip-ip')dip' + 0*(1) J Bi*-B~i(y.,') G (p, cp-cp')x 
0 I O I 

2.7t 

I Bi* - Bi(m") 
x B·• _r_ - G(p, cp' - cp")dcp" dip ' + ... 

0 I 

(20) 

3JJ,eCb G(p , cp - cp') - cpyHKIJ,HSJ fp1ma AJlSI. TeMTiepaTypbI 6JioKa e T04Ke (p, cp): 

G(p - ') = 1.(1 +n~oc Bi*pll cos n(p - rp')] · (21) 
' 'P 'P :re £.. Bi* + n 

n=I 

lkrr0/Ib3YSI coomomemrn (20) R (21) , onpem~mIM TeMIIepaTypy B n_eHTpe rpacpRTOBoro 6.noKa 

tJ(O) = 0•(O) + 0*(1)[q1(O) + qi(O) + .. . + q
11
(O) + ... ] (22) 

H cpeAHIOIO TeMnepaTypy 6JIOKa 

tJ = 0* + 0"'(l)[q1 + q2 + ... + q
11 

+ ... ]. (23) 

□o.A cpeAHeii TeMDepaTypoH noHHMaeTCSJ cpeJJ.Hee 3Ha4eHHe TeMITepaTyphl no I1.11o~aAH 
rronepe4HOro cetJemrn 6JioKa, T.e. 

2.7t 1 

~ = ! J I tJ(p, cp)pdpdip. 
0 0 

OnpeJ:{eJieHHe q
11 

CJJeJJ;yeT R3 K0HTeKcTa. B 'laCTHOCTH, 

2.it B·• B.( ) 
q, (p, cp) = J J ~ •• l y G(l' 'P - ip')dip'. 

0 l 

3aMeTHM, \JT0 ql < 1 s Ka)KAOH TO'IKe (p , <p), IlOCKOJibKY 

Bi• - Bi(p) < l 
Bi. ' 

a AJISJ G(l , 'P - ip') BbIII0JIHSleTcSJ yCJJ0BHe 

2.7t 

QqesHJ:{HO, llTO 
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f G(l, 'P - cp' )dcp' = 1. 
0 

(24) 

(25) 

(26) 

(27) 

(28) 



l,13 onpen,e.nemru (22), (23) H (24) CJienye-r, 1.1To 

q1(0)=q1=q (29) 

(30) 

HcnOJib3Y51 BbipaX<eHHe .z:vrn cyMMbl 6eCKOHe1.!HO y6hIBaIOm,eu reOMeTpHlleCKOH npo­
rpeccHH, apeo6pa3yeM COOTHowemui: (22) H (23) CJie.o;yrom,HM o6pa3oM: 

~(0) = ~*(O) + ~*(l )q -
1 

-
1-; (31) 
-q 

~ = ~• + ~*(l)q-1 _1 __ 
-q (32) 

11cnoJib3YSJ onpeneneHee (24) H ypaBReHHe (2), HanneM cooTaomem,e nn.sr q a CJiyirne, 
Korna rpaqmTOBblH 6JIOK KacaeTC51 Tpy6bl BbITeCHHTeJI51: 

2;r O 2;r K' 
q = _1 J Bi* - Bi(p) dcp = l __ 1 Bi J d<p = 1- --=== 

2n O Bi* 2n Bi* 
0 

I - a cos cp K"'Vl _ a2 · 

3.o;ech 

'-IHCJIO Bi npK KOHUeHTpHl.leCKOM pacn0JIO)KeHHH 6noKa; 

K'=---1 __ 
l 006 ~o -+-+-
a 106 Ar 

K03Q)Q)HIJ;HeHT Ten.nonepen,a4H npH KOHU,eHTpHl-reCKOM pacnoJIO)KeHJm 6JTOKa; 

~o 
Ar 

a= . 
1 °06 ~o -+-+-
a Ao6 Ar 

3JieMeHT BbITeCHJneJI.sr H306pa)KeH Ha pnc. 3 . .ll,HaMe-rp 
rpacpHTOBOro 6JIOKa paBeH 66 MM. 3am,HTHa51 o60JI01.(Ka npen,­
CTaBJI51eT co6oi1 Tpy6y 03 amoMHHeeeoro cn.naea c BHyTpeHHHM 
nHaMe-rpoM d

8
H = 69 MM H T0JIIIJ,HH0H creHKH 006 = 2,5 MM. 

HoMHHaJibHhIH 3a3op cocraensieT ~o = 1,5 MM. Kosct>ct>mui­

eHT Tennonp0BOJ{H0CTH MaTepHaJia o6oJIOlJKH rrpHH51T 
Ao6 = 175 BT/M · °C. (3 ]. TenJionpoaon,HOCTb ra3a B 3a3ope 

AmmtHH11e­
Bb1ii CnnaJI 

I 
Ar = 0,029 BT/M. °C. TeDJionpOBOAHOCTh rpaq>HTa CHJibHO H3-

MeH51eTC51 B 3aBHCHMOCTH OT Jl,03hI 06Jiy1£eH1UI, ec.rm 06ny1£eHHe 
:rrpOHCX0AHT IIPH HH3KOH TeMIIepaType, n MO)KeT 6hITb B 10-20 
pa3 HH2Ke TennorrpoBOAHOCTH Heo6nylfeHaoro rpaq>HTa. :Sonee 
Toro, Ten.nonpoB0AHOCTb rpaq>11.Ta, 06n-y1£eHHoro npH TeMne­
paType MeHee 100 °C H q>moeHce HdiTpoHoe nop51n,Ka 

rpatjm, 
Mftpl-:H 

11'-93 

¢ 66- 0,4 

(33) 

(34) 

(35) 

(36) 

2,5 

1021 Heihp./cM2
, CJia6o H3ylfeaa. Ha 0CR0BaHH..H. n,aHHhlX pa-

60TbI [ 4 ] H 3KCnepTHhIX ou,eH0K AJI51 K03Q)Q)HU,HeHTa TenJI0-
n poBO.LJ;HOCTH rpaq>HTa BbITeCHHTeJl51 npHH51Ta BeJIHlHIHa 

,lrp = 4 BT/M'°C. P1-1c. 3. 3neMeHT BblTeCHlffM!I 
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PaccMaTpH13aeMhrii: Bb1Tecmne11b pacnonaraeTCSI B Kaea11e CY3, KOTOpbIH npe.11.cTas11S1eT 
co6o.n Tpy6y BHyTpeHRHM AHaMeTp0M dlJII = 82 MM. OxJia)K.11.aeTCSl BbJTeCHH.TeJJb IlOT0K0M 

B0Abl, □poTeKalOID;RM B K0JlbU,eB0M KaRaJle, o6pa30BaHHOM Tpy6oH BblTeCmf'T'eJJSI H U.HPK0-
ITTICBOH Tpy6011 CY3. TeMnepaTypa B0.IJ.hl Ha sxoAe s Ka ea11 35 H fill BblX0Ae 60 °C, AaBJicmre 

B K0HType 3,5-4 Kr /cM2, cpeAHSlSl CK0p0CTb B0.llbl C0CTaBJUleT 5 M/ C. Ou,eHKJf TIOKa3blBaJOT, 
lJTQ npH 3THX yCJI0BEUlX B Ka4CCTBe cpe,D.1:1ero 3HatJemrn K03(p(pHU,HeRTa TCilJI00T.ll,alJl1 OT 

Tpy6hf BbTTCCFDlTCJISl K B0.ll,e M0)KeT 6brTb npHHstTa BCJUfllHHa a= 2,5·103 BT/M2 •°C. 
11cnOJTb3YSI yKa3aHHble BbtWe reoMeTpRYeCKHe 11 pe)KHMffbie napaMeTpbt, 6bJJIH pac­

CtrtnaHhl cpeJ:{Hfill TeM□epaTypa rpacp11Tosoro 6noKa 11 TeMnepaTypa s u.eaTpe 6noKa. B 

pe3yJibTaTe 6blJIH nonyllCHbl CJie.ll,yIOm;ne llHCJJOBhte 3RallCHIHI:: x.O = 19,18 BT/M2, 

K'" = 2,41 · 103 BT/M2, Bi*= 19,91, Bi0 = 0,1582, a= 0,9921, q = 0,9310. 
TorAa B C00TBeTCTBHH C ypaBReITTl.eM (31) 3HalleHHe TeMnepaTypbl B u.eHTpe 6JIOKa 

6y.ll,eT: 

1 1 1 l 
iJ(O) = 2· 19,91 + 4 + ~•937 1 - 0,937 = l,022 (37) 

u.rm, B03Bpam;aSICb K pa3MCpHhlM BCJIJ,fl{J{RaM, nony-qaeM 

t(O) = t0 + 1,022.n~t = t0 + 1,022
3 
~~~ 4 = t0 + 34,2 °C. 

rp , 
(38) 

Cpe,llHst.sJ TeMIIepaTypa 6noKa paccl£I1TbrnaeTCSI aeanorHlfHO. Y1fHTbIBaSI, YT0 cpe,ITT1ee 

3Ha4CHHC iJ*(p) paBR0 

~· = _1_ + l. 
2Bi* 8' (39) 

OOJIYYHM 

- 1 1 1 1 
·iJ=2 · 19,91 +g+ 19,91 °·9371-0,937 = 0 ,897; (40) 

-• ql 420 ~ t = t0 + 0,897- = t0 + 0,897 
3 14

_
4 

= t0 + 30 °C, 
nl , 

rp 
(41) 

T.e. cpeJJ,HSISI TCMnepaTypa 6JIOKa npn MaKCHMaJibH0M 3KCU,eHTpHCHTeTe C0CTaB.1151eT BeJI1if­
lJHHY 0K0JI0 70 °C. 

Hali:.n,eM cpe.11.ttee 3HaYem1e TeMnepaTypht 6noKa npu ero K0BIJ,CHTpHYecKoM pacnono­
)KeHJrn . .il,JJSI 3T0I'O HCIJ0Jib3yeM T04H0e aHaJUlTHlfCCK0e peUieHHe 3a}l,a\fH 

i,O = _1 __ e: + l_ 
2Bio 4 4. 

(42) 

TorJJ.a 

;o - - 1- + l. - l + ! - 3 286· 
u -2Bio 8-2-0,1582 8-' ' 

(43) 

-:0 qi 420 - 0 
L- = t0 + 3,286n:c- = t0 + 3,286

3 14 
_ 4 = t0 + 118 C, 

rp ' 

(44) 

T.e. cpe,llH5151 TCMilepaTypa 6JIOKa npH K0BIJ,eHTpHYeCK0M pacn0JI0>Kemrn 6oJihme 160 °c. 
OTHOWeHJ1e cpe.l{HHX 6e3pa3MCpHblX 3Ha1.1eHlfi.i TeMnepaTypbl 6JJOKa npH K0HI:(eHTpH-

4CCK0M paCII0JIO>KCHEll-1 11 npH MaKCHMaJlhHOM 3KCU,CHTp11CHTCTe paBHO 

~o 3,286 
:0 = 0,897 = 3,663. (45) 

TaKH.M o6pa30M, M0)KH0 K0HCTanrposaTb, lJTO npH CMe111,eHHH OCH 6JIOKa 0TH0CHTeJibH0 
OCH 3all.l,HTHOH Tpy6bT np0RCX0JJ.HT pe3KOe CHmKeHHe cpe}l,HCH TeMDepaTypw 6JIOKa. Il,mr 
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paccMaTp1rnaeMh[X yCJIOBTU1 B rpacfmTOBOM 6noKe MOryT, CJie.D,OBaTeJJbHO, cyl.lJ,eCTBOBaTb 06-

nacTH C TeMrrepaTypou H3MHOfO HJUKe 70 °C. OlleBHAHO, llTO npH MeHhWeM 3KCU.eHTp.H­

CHTeTe B rpaqnue BblTeCmlTeJUI T3K)KC MOryT cymeCTBOBaTb o6naCTH C IDf3KOH TeMnepa­

rypoi,L 
Yl!CT BJIHSIHJHI HepaBHOMCpHOCTl1 :JHeprOBbIAe.TleHJUl B aKTHBHOH 30He MO)KCT 6bITb ocy­

meCTBJICH TOJlhKO Ha OCHOBe sepOSITHOCTHblX Oll,CHOK, noCKOJlbKY HeB03MO)KH0 npe.D,CK333Tb 
ABH)KCHHe cTep)trnew. CY3 npH pa6ore peaKropa. B CBSI3H c 3THM np11 KOHcepsaTHBHhlX 
oa.eHKax HaKo□nemrn ::rneprHH 8 rpaqmre BblTCCHHTeJJSI H noCJieJJ,CTBlUi ee BblJJ,CJJCHHSI TCM­
neparypy rpacp1-1Tosoro 6110Ka CJie.D,yeT, no-BHAHMOMY, CllHT3Tb pastto11 cpCAHCH TeMaepa­
Type oXJJa)K,!J,aJOw,eu BOAhl. CornacHo ACHCTBYJOllUIM ttopMaM AJISI aMcpHKaHCKHX ypaH-rpa­
cpHTOBblX peaKTOpOB [7] B CJTYll3SlX, KOrJJ,a TCMncpaTypa o6JJylieHHSI rpacp1na HmKe 
100 °C, HC06XO.D,WM TmaTCJlbHblH .rnamt3 nOCJIC,!),CTBHH Bbl,!),eJJCHliSl 3anaceHHOH 3HeprHH. 

3HEPrl1.sI BHrHEPA B rPA<l>HTOBOM BJlOKE 

J,fasecTHO, llTO np11 0611yllemrn rpaqmTa ero Tennoco.D,ep)KaHHe yBeJJHlfHBaeTcsi . 3Ta 
cKphlTaSI (HJTH 3a11ace•rnaS1) 3Hepnrn, tta3btBaeMasi ew;e 3Hepn1e11 Bnraepa, onactta TeM , 
llTO npH nOBbfillCHHH TCMnepaTypbl rpacpHTa Ha 40-100 °C BblillC pa6olleH TeMnepaTyphl 
oua MO)KeT BbTACJTHTbCSI H np1rnecrH K neperpesy 3JJeMeHTOB CY3. ,[(CTaJJhHbIH attaJJH3 
Toro, CKOJlhKO 3Heprm,1 MO)KCT HaKOilHTbCSl H Bbl.D,eJI.HTbCSI , BbfXO.I(RT 3a paMKH A3HHOH pa-
6oThl. Bonee noll;po6Ho 3TH BOilpOCbl paCCMOTpeKbl B [6, 7 J. 3ACCb a.enecoo6pa3HO OTMCT.HTb 
CJ1eAy10w.11e acneKTbI 3TOH npo6ncMhr. 

TipH HOPM3JlbHOH pa6oTe peaKTopa HeT npHtJHH JlJ1Sl Bbl.D,eJJeH11SI 3Hepnrn Burnepa. 
OAHaKO B asapllllHhlX Cl-1.Tyaa:HSIX, npH KOTOpbTX MO)KCT np0030MTH o6e3B0)KH83HHe KORTypa 
oXJia)l(AeHHSI CY3, co3.D,aJOTCSI ycJIOBHJt .z:vrn ttarpesa rpacp11Ta Bb1recm1TeJISI Bblllle TeMne­
paTyph1 Ballana OCB060)K.D,eHHSl 3anaceHHOH 3HCprHH. 3TO MO)KeT npm!.30HTH, B ll3CTHOCTH, 
ap11 apoeKTHhIX asaplUIX, o6yCJIOBJleHHblX pa3pb183MH DOJJ,BOASIW,ero KOJJJieKTOpa KOHTypa 
oxna)K.D,CHHSl CY3, nospe)K.D,eHIDIMH Ha □opHoro 6aKa lfJTH MarHCTpancw, TI0AB0.D,SIW..HX 
oxna)K,l:(af0w.y10 BOJJ:Y (cM. Ll ]) . 

KoJIHlrecrso JanaceHHOH 3eeprn11 s rpacpnTe TeM 6oJihrne, lfeM HH)Ke TeMTiepaTypa 

0611r1eH-.rn: 11 lfeM BhIUJC A03a, nonr1eRHag npH 06nr1emm. KoJTH-...ecrso HaKoIIJ1eHHoi1 

3Hepnm: MO)l(eT AOCTHraTb 600 Kan/ r. ClfHTaeTCSI, llTO KpHCTaJlJIHl.(eCKaSI pemeTKa rpacp1na 

MO)KeT 3anacaTh 3Hepnuo AO 700 Ka11/r. 3anaceHHaSI 3Heprnsi xapaKTepH3yeTCSI TpeMSI na­

paMerpaM11: nOJIHOH 3Hepni.ei1 s, CK0P0CTblO ee ocso6mt<JJ,CHH:R as/ ar H 3Heprneu, KOTOpaSI 

M0)KeT 6blTh BbI,z:teJJeHa npH H30TepMl1"4CCKOM OT)t<Hre IIPH HeKOTOpOH QJHKCHpoBaHHOH TeM­

nepaType. Ha B3)KHOCTh TpeThero rrapaMeTpa srrepBble yKa3aHO B pa6oTe (7 ]. 3HaRHe 3THX 

BeJilf\fil.H Il03B0JISieT orrpell;eJIHTb KOHelfHYJO TeM.aepaTypy pa3orpesa 3JieMCHTOB KOHCTpyK­

ll,IDf B KOHI<peTHOM rrpou,ecce ee B3aHMOAeHCTBli.SI C OKpy)l(aJOW,eH cpell;OH. 

,[(JISI npHMepa Ha pHc. 4 noKa3am1 Kp11saS1 nonttow 3ttepr1n1 B11rnepa J:VlSl o6pa3a:a, o6-
JIYlleHHoro rrpH TeMnepaType 30 °C npH pa3JTH\ffibIX ,n03ax, H COOTBeTCTBYJO~aSI 3aBHCHMOCTb 
BhfAe.TIHBWCHCSI 3Hepnrn npH TCMnepaType 0T)KJ,lra 800 °c. 650.---------- - --, 

BHAHO, l{TO sepXHSl.sJ rpamm,a K0.JIHlleCTBa Bbl.D,eJillB- 600 

meMC51 3Hepnm B 3TOM CJiylfae COCT3BJTSieT 280 KaJI/ r. ,[(03a 

06n~1emrn (CM. p11c. 4) npHBeAeAa B TbICSJl.laX MBT. cyT /T. 
IloKa)KCM CBSl3b 3THX BeJT:WilfH C cpnJOeHCOM HeihpoHOB B 

peaKTope PBMK. BpeMSI CJiy)K6bJ CY3 B peaKTope PBMK 

COCTaBJl.SleT 5 JleT, T.e. C ylleTOM K03cpcpHII,HeHTa ycraHOB­

JieHHOli MO~HOCTH KJ/lYM = 0,8 , ono pasHo 

0,8 · 105 ·365·5·0,8 C. 

Pi,ic. 4. fTOJUl3SI H ocoo6o>KJ1eHHaS1 :mepr1111 Bnruepa 8 3aBHCHMOCTH OT 

JI03b1 06ny4e11m1: + -TeMneparypa 06ny,1ett~1sr 30 •c; ■ - TeMneparypa 

0TlKHr3 800 °C 

~50 

500 

- 450 1 -:f 
"' 400 
v:,' 

350 
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2 3 4 
MRT, cyrlT ( I o- 3) 

)J.033 o6ny,1e1IHSl 
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rr pH cpetl,lieM nOTOKe HefrrpC)H08 Ha CTeHI<Y TOilJIHBH0ro KaH.'lJra 0, 9 . 10 14 Heirrp. / ( CM 2 . C) 

cjJJIJOeHC Hel1TpOF10B C0CTaBJI.sieT 0,9 · 1014 ·0,86 · 105 . 365 · 0,8 = 1, 13 · 1022 He1hp./cM2
• 

3a 1000 cyT cpe,nHee Bb1ropattHe T0ITJlHBa B peaKTope PEMK paBHO 17 500 MBT·cyT/T, 

T.e. 3a speMSI pa6oTbl CY3 ttco6xo,nHMO B pacl.feTe <Pmoettca rrpmt11MaTb BeJJJPuury Bht.ropaHH.St 

B cocer{HCM KaRaJJe, paBHYJO 25 500 MBT· cyT/T. OTcro,na noJiy4aeM COOTH0IIIemte Me~y cjJJJJO-

eHCOM H BblTOpaHMeM [MBT · cyT /T] = 1, 13 · 1022 /25 500 = 4,43 · 1017 HeHTp. / CM2. 

Pe3yJibTaTbl pac4eT0B aoKa3b1BalOT, 4TO 3aBMCKM0CTH,rrp11:BeAeHHbie Ha pHC. 4,MOryT 
6b1Tb HCIT0Jlh30BaHbl AJISI ou,eHOK K0JlM4eCTBa HaKOnJTeHH0.11 B rpaq>HTe 3HeprHH H 3Hepnrn:, 
cnoco6Ho11 Bhr.n.eJIHTbC.sI s asapHllHou CHTyarr;1,n1 c o6e3BO)KJIBamteM KOHTypa CY3 peaKTopa 

PEMK. Be.nH4KHa 3tteprnn, BhIJI.eJIJIBIIIeHC.sI npw H30TepMu4eCKOM OT)KITTe 800 °C, CJ1a60 

H3MeHSieTCSI B 3aBHCHM0CTH OT .Il,03bl o6Jiyl.feHHSI H C0CTaBJI.sieT 0KOJIO 250-280 Kan/r B 

HHTepsaJIC .Il.03 4· 1020+2-1021 HdlTp./cM2• OTMeTKM, 4TO K03(p(p11U,HCHT Te□JIO□pOB0A­
H0CTH rpaqmrn;. = 4 BT/M ·°C, npHH.sITblH npH npose.l{eHIUI ou,eH04HbIX pac4eT0B, CO0T-

BeTCTByeT 06.TT)'-i.ieA1-110 rpacjJHTa np11 TeMnepaType HH)Ke 100 °C H .n.o3e 1020 ee1hp./cM2, 

eCJlH 3KCTpanOJHlp0B3Tb .n.aHHbJe, npm1e.n.eBHhte B pa6oTe [7 J. B CBSl3H C 3THM CJle.l{yeT 
OTMeTHTb, 4TO ,nn.s1 rpacp11.Ta peaxTopa PEMK secbMa Tpy,nno ou.eIDITb K03cj)cp1.m.ueHT Ten­
Jionposo.n.aocTH 113-33 0TCYTCTB11SI Heo6XOAHMhl.X 3KCaepKMeHTaJlbHhlX AaHHhIX A.TUI pac­

CM,:1Tp1rnaeMoii o6JiaCTM TeMnepaTyp If Jl.03 06ny,-1eHHS1. 

CKopocTb sw.n.e.nemur 3anacettHOH 3Hepnm M0)KeT 6b1Tb onpe.n.eneHa Ha ocHose KHHe­

TH4eCKOH TC0pHH 0T)Klfl'a CJie.n.yromKM o6pa30M (CM. [ 6, 8 ]) : 
dS 
dr: = - F(S) exp (-A(S)/T), (46) 

r.n.e s - K0JTH4eCTB0 3a□aceHHOH. 3Hepnrn, OCTaBmeikSI B o6pa3rr;e; 3HeprIDI aKTHBaa.m1 

A(S) H <PYHKU.HSI COCTOSIHHSI rpaqJHTa F(S) MOryT 6bITb onpe.n.eJleHbl Ha OCHOBe .Il,3HHblX no 

Bbl.Il,eJJeHHJO 3Hepnrn BHrHcpa B ABYX 3KCnepHMCHTax npH pa3HbIX TeMnax pocTa TeMne­

paTypbl rpacj)11Ta T. Cnc,nyeT OTMeTHTb, l.fTO, nocKOJihKY BbIAeJieHHe sanaceHHOH 3Hepnm 
3tlBllfClff OT oco6eHHOCTCH Kp11cTa;1JIHt1ecKoM CTPYKTYPbl rpacj)uTa, neo6xo.l{HMO npoBecni: 
cnc1.vtanhHb1e H3Mepemrn AJJSI rpacp11.Ta BhITeCHHTeneH CY3 PBMK. PemeHHe 3TOH npo-

6neMbl AOCTaTO'-lH0 Tpy.n.oeMKO. 
JJ.m1 0ll,eHOl.f]fblX pac•1eTOB o6bllfHO HCilOJTb3YCTCSI MOJJ.eJih ITOCTOSIHHOH 3HeprnH aKTH­

BaIJ,HH, rrpH KOTopoti seJIH4H.Fla A C4HTaeTC5! nocTOSIHHOH npn OT)KHre. J.1cnoJib3YSl 3TY MO­

.n.ellh, MO)KH0 noKa3aTb, lJTO CKOp0CTh OT)l(Hra 6y.n.eT cym.ecTBeHHO 3aBHCeTb OT YCJl0BHH 

TenJI006MeHa C OKpy)KaJOm.eM rpacpHTOBhill 6JTOK cpc.n.oit Ii OT ypOBHSl TeMnepaTyphl rpa­

qJHTOBOfO 6JioKa. B ycnoBHSIX TaKOH aeJ11rnefrnoi%: 3a.n.allll pacLieTHblH nportto3 3aTpyAHJ1-

TeJJeH. B TO )Ke BpeMSI BbI.Il,eJTemi:e 6oJlbmo.ro KOJJHlleCTBa TenJla B rpaqJHTOBOM 6JlOKe MQ)KeT 

npHBeCTH K HapymeHJilO repMeTHl.fHOCTH 11 .n.a)Ke K TIJlaBJJeHJllO sam.HTHOH Tpy6hl BbITec­
HHTe.TISI. Tiospe)K.n.emrn BbJTeCm1.Tenei,i MOryT HOCHTb MaCCOBhlH xapaKTep, H 3TO AOJJ)KHO 

Y4HThIBaThCSI npu ou.ettKe 6e3onacHOCTli PBMK. 

JJ.;rn pemeHHSI 3TOH npo6J1eMbl MoryT 6b1Tb paCCM0TpeHbl CJ1e.n.y10m.ue cnoco6b1: 
- H3MeHHTb KOHCTPYKU.ffJO rpaq>HTOBbIX BbJTecmneJJeH TaK, 4T06bl Il0.Il,HSITb TeMne­

paTypy rpacpuTa BhIWe 100 °C, npH KOTOpoii He npmtCXOJJ.HT HaKO□JleH.HSl 60Jlbworo KO­

.IUf4eCTBa 3HeprH1i1 Burnepa; 
- npOBOJl.HTb nep110AH4eCKHH 0T)K11f rpacpina BblTeCHHTeJTeH B cneil,HaJJbHblX BHepe­

aKTOpHhlX ycTpOMCTBax. 

3AKJllO'IEHJffi 

fpaq>HT0Bbl11 6JJOK BbITeCHHTeJISI CY3 peaKTOpa PEMK C 60JlbffiOH BCp0SITHOCTblO MO­
)KeT 6blTb pacnoJJO)KeR B 3aUJ.HTHOH o6oJI04Ke C 3KCU.eHTpHCHTCTOM. 3TO cyw,eCTBeHHO 060-
CTpSICT npo6neMy 3anaceuuoti ::rnepnm . ITpe 3T0M 11cCJ1e.n.0BaHHe rrpoeKTHOH aBapnH pe­
aKTopa PEMK <<O6e3BO)KHB3HHe KOHTypa oXJTa)K.n.eHJ1-S1 CY3>> CJ1e.n.yeT paccMaTpuaaTh KaK 
He3asepmeHHoe c TOlfKH 3peIDrn attainl3a TeMnepaTypHoro pe)KHMa )KH3HeHHo sa:>KHblX 3Jie­
MeHTOB CY3. 
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OcBoaaasi pa6oTa no HCCJieJJ,oaa1nuo KOJmt.iecTsa 3anaceHHOH 3Heprmi: B rpaqnne H 

CKopocni: ee BhlXOJJ,a 6hJJI8 npoaeJJ,eHa JJ.O cepeJJ,HHbl 60-x roJJ,OB. OJJ,R3KO pe3yJihT8Tbl 3THX 

ncCJieJJ,oaaHHH ne coJJ,ep)KaT JJ.8HH&1x no caoHCTBaM rpacjrn.Ta PBMK, o6JIY4eHttoro npn HH3-

KHX TeMnepaTypax. TeMnepaTypa oneMeHTOB CY3 np11 y4eTe BbIJJ,eJieHIDI 3uepmH BHrnepa 

MO)KeT 6bITb oa;etteHa BeCbMa npH6JUl)t<CHHO, IlOCKOJlbKY J:IJUI 3TOH a;enH B H8CT05U.D;ee apeMSI 

c~eCTByeT TOJlbKO KHHeTH4CCKaSI MOJJ.e.Tlb C IlOCTOSIHHOi'.'t: 3HeprneH aKTHB8U,KU. 

B CBSl3H C 3THM B JJ,aHHOH pa6oTe npe,D;JtaralOTCSI Mepbl no apeJJ,OTBpall.l,eHHIO HaKOnJieHHSI 

3B8'IBTCJibHOI'O KOJllf4eCTBa 3Heprirn BHmepa, a HMeHHO: c~rn.TaeTCSI: n.enecoo6pa3HbIM JIH6o 

H3MeHHTh KOHCTPYKLl,IUO BbtTeCHHTCJISI TaK, 4T06bl TeMnepaTypa B mo6ow T04Ke 6noKa 6blJia 

He fill)Ke 100 °C, JIH6o npOBOAHTb nepHOJJ,l14eCl(J,{}{ OT)KHJ' rpaqnna BbITeCHHTeJieH CY3 B 

crren.naJihHhlX BHepeaKTOPHhlX ycTpOUCTBax. 
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Jll1Hl1H 3A~HTbl - METO,]],l1KA OI.J;EHKJ1 
EE30IIACHOCTl1 ,]],EHCTBYIOIIl.l1X ATOMHblX CTAHI.J;Hfl 

E.I'. I'opoou, T./0. l/y.11xoaa, HTL( 5/PE, 109280, MocKaa, yJL. Aomo3aaoocKQSL, 14/23 

B HaCT0llll.lee apeMll 3Hepro6nOKl1 pOCCl1HCK11X AC 11Met0T pstA OTCT)'nneHHH OT Tpe6oaa1111i1 .nei-icrnytOl.llHX 
HOpManlBllblX J.IOKyMeHTOB. Pa3pa60T1<a MeTOJl,11'1eCKOro no.nxo.na, fl03BOJUltOl.llero palUKJ,tpoaaTb 110 Ba>KHOCTH Jl.Jl!l 
6eJonac110CTl1 Ka>K.noe 0TCTyn11eH11e, ou.e1111-naTb KOMne11c11py10ll.lHe Meponp~ISIHISl 11 cpopMynnpoaaTb YCJI0811ll J.1eH­
CTBl1ll 1111u.e11311-t1. SIBJISleTCSI aKT)'3JlbHOH aa.na'ICH. MeTOJ.ll!Ka JIHHl1i'.'t 3:IIU~ITbl (LoD) npeJ.l)rnraeTCSI B Ka'leCTae 
OJ.IH0ro H3 B03MO>KllblX nyTei1 pewe1111S1 J.13HHOH npo6neMbl. CJ.1CJ1aHa nonblTKa YTO'IHeHHSI OCH0BHblX flOJIO>KeHI-IH 
MeTO)lHKH Jll1ll11H 3alllHTbl Jl.Jlll ee a.nanrnu.1111 K pOCCl1HCKOH 110pM3Tl1BIIOi:'t 6aae. 

LINES OF DEFENSE AS OPERATING NPP SAFETY ASSESSME T METHODOLOGY. B.G. GORDON, 
T.Yu. CHULKOVA. Russian PP units had a number of non-compliances with Normative Documents (ND). 
Assessment of the safety importance of non-compliances with current 1 D is an essential task. It needs methods to 
review safety documents so as to use them to justify licensing decisions. It therefore needs to assess and justify the 
effects of non-compliances with D on safety, check that proposed improvements eliminated the effects of non­
compliances on safety and formulate license conditions. The «Line of defence (LoD>• methodology ls a possible 
way to do this. It's continued development and adaptation for this purpose is expedient. 
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npJilMeHSleMbIU B Pocorn TTOAXOA K ou,eHKC 6e3onaCHOCTH 6JIOKOB AC 6a3HpyeTCSI Ha 

aHaJ1113e 06ocHOBbrnat0w,eH 6e3onacHOCTb AOKyMeurnu,mL J,faMettettHsi: yCJ1osa11 .n.eHCTBHSI 

JlJ,fll,eH3liH peaJUt3YIOT MexaHH3M JlaHHOro TTOAXOAa. Pa3pa60TKa MeTO.ll,H'!eCKOro nOAXOAa 

K ou.eHKe apOBOAHM0ro 3KCnJiyaTHPYIOlil,HMJ,f opraHH3aU,11SIMH o6ocHOBaHHSI 6e3onaCHOCTH 

sis1rneTcsi: aKTyaJibHOH 3aAa4eH. 

TTp11MeHS1eMbIC s HTU, 5IPB npH tta3tta4aeMOH s npou,ecce J1Hll,CH311posa!fflsi 3KcneJ)TH3e, 

o6octtoBbIBruow,eu 6e3onacttocrh AOKYMeHTau,u:11, pyKOBOACTBa no 3Kcnepn13e (P3) OTAeJihHhIX 

BOITpOCOB 6e3onaCHOCTH onpCACJUUOT 00PSI:A0K npoBeAeHHSI ou,el::IKH, peKoMe~aU,HH no ocpop­

MJICHl1JO 11 coAep)Kam,110 ::>Kcnep-rAoro 3aKJIJOllettm1, aKu,eHTHPYJOT sonpocbt, KOTOpb1e AOJDKHhl 

6bITb pacCMOTpeHbl B nepsylO OllepeAb, H npeAJiaraJOT nepe4eHb AeHCTBYIOl.1.(HX B paccMaTpH­

saeMOH OOJlaCTH HOpMaTHBHhlX AOKyMeHTOB (HJ],)' SIBJISIIOW,HXCSI KpHTepHSIMJ1 0U.CHKH, nOMOraSI 

3Kcnep-ry BblSIBHTb cylll,ecrsy10UOJe crrcrynJieHHSI OT Tpe6osaHHH HU. 
B ( 1, 21 s Ka4CCTBe .n.ononH11TeJJbHoro HHCTpyMeHTa npu 3Kcnepn13e AJJSI ou,emrn H 

pam,rnpOBKH no Ba)KHOCTH AJISI 6e30TI3CHOCTH K3)1(A0ro BblSIBJJeHROro OTCTynneHHSI, HanpH­
Mep, Ha 3Tanc nposcpK11 npOBCAeHHOro 3KCnnyaTHPYIOlll,CH opraHM3au,eeii aHaJIM3a BJIHSIHHSI 

Ha 6e3onacuoCTb OTCTymreHHH OT Tpe6osam1i1 HA, a TaK)l(e Ha 3Tane npe.n.cTasnemu1 nnaHOB 

11 rpacpHKOB KOMneHCHPYIOW,11X MeponpHSITHH npeAJJaraeTCSI MeTO.ll,H4CCKMH IJOAXOA, npH­

MCHCHHhl.11 s 1995-1998 rr. AJJSI 3Hepro6JJOKOB HrHaJIHHCKOH H nemrnrpaACKOH CTaHU,J.f.H 

c peaKTopaMH P5MK H Ha3BaHHhri1 mrnusiMH 3aw,11Tb1 (Lines of Defence - LoD) L3 ]. 
B ( 1 1 OTMelleHo, 4TO AJISI npKMcttett11si s pocCHHCKOK peryJIHPYIOIIJ.eM npaKTHKe Me­

TOAJ1Ka LoD ttecoMHeHHO HY>KAaeTcsi: s aAanTaa,1111 K poccHHCKOH HOpManrnHoH 6a3e, cpop­

MYJJHposKe OCHOBHhIX Tpe6osam1H K 06-hcMy, cocrasy 11 xapaKTepy npe.n.cTasnsi:eMou AJI.SI 

attaJIH3a HHcpOpM3Il,HH, OT AOCTOBepHOCTH KOTOpOH cymecTBCHHO 3aBHCHT Ka4eCTBO ou.eHJ(H 

TeKyw,ero ypoBHSI 6e3onaCHOCTH. A.n.anTaU,HSI MCTOA11KH AOJI)l(Ha Ha'-LHH3TbCSI C YTO'iHeH.H.SI 

ee TepMHHOB l1 anropHTMa, IlOCKOJibKY, IlOMHMO TaKJ-IX npHHSITblX B poCCHHCKOH peryJU1-

py10w,eM npaKTHKC TepMHHOB, KaK: HCXOAHOe co6blTHe, cpyHKU,HSI 6e3onaCHOCTH, CHCTCMbl, 

Ba)l(HblC AJISI 6e3onaCHOCTH, asapH.SI l1 ee noCJJeACTBl1SI, .n.eTepMlrnHCTCKHH aHaJJH3 6e3oaac­

HOCTH H T.n., MeTOAHKa HC0OJib3YCT co6c-rneHHbl e TepMHHbl. AnropHTM npoBeAemrn attamrna 

B Il,CJIOM npe.n.naraeTCSI OCT3BHTb TCM )Ke, TaK KaK B cylil,eCTByJOw,eM BHAe OH SI.BJlSleTCSI 

3aKOH4CffBOH CHCTCMOH, He 003BOJI.SIIOlI(eH apoayCTHTb OCHOBHble MOMeHTbl npH npoeeAeHJIB 

3KCnepTH3bl, BhlSI.BJI.SISJ .n.eHCTBHTCJlbHO CJ1a6b1e MeCTa npoeKTa HJlll 3KCnJJyaTaU,HOHHOM npaK­

THKJ1. 

MeTOAHKa JIHHHH 3aw,HTbI BKJIJO'!aeT ABa 3Tana. Ha nepBOM 3Tane :JKcnepTaMH npH­

HHMaeTcsi, 'lTO AJISI 3alI(HThI OT noCJieACTBHH cooTseTcTsy10lll,HX HCXOAHhlX co6bITHH (MC) 

Tpe6yeTcsr HeKOTOpoe KOJll14CCTBO Jll1HHH 3alI(HTbl. nJfHHH 33lll,HTbl BbinOJIHSIIOT onpc.ue­

JICH.HYIO cpyHKU,HIO 6e3onaCHOCTH (<l>E) H KJiaCCH(pHU.HPYJOTCSI Ha C.HJibHhlC (Strong Line of 

Defence - S) " CJ1a6b1e (Week Line of Defence - W) r 1, 2 ]. B pocrn11cK11x ttopMaTHBHhIX 

AOKyMeHTax oTcyTcTBYJOT nott5ITHSI CHJibHOH 11 CJ1a6011 JIHHHH 3am,HTbl. B a.n.ann1posaHHou 

MCTO.ll,HKC LoD npe.n.naraeTC51 OAH03H34HO onpe.n.emtTb JIJ,fHHJO 3allJ;HTbl KaK CHCTeMy 6e3-

onaCHOCTH HJIH CHCTeMy H0pMaJibHOH 3KCIJJl)'aTaD,KH, BbmOJIHSIJOllJ;yJO CBOIO Cl>E no OTHO­

WCHHIO K paccMaTp1rnaeMOMY MC. Tiepsb111 3Tan attaJl),13a no.n.pa3yMesaeT Ka'!eCTBeHttoe 

onpe.n.eJiem1e CTaTyca paccMaTpHBaeMOH CHCTeMbl KaK CHJibHOH HJIH CJia6011 JIHHHH 3aru;HThl 

npOTHB HC no COBOKYilHOCT.H OTBCTOB Ha npHHSfTble B MeTOAKKe CT3HAapTHbie BODpOCbf 

(Kp1-1TepID1 aTTecTau,111-1) (Q, R, A) [ 1 J. 
Pe3yJibTaTbl aeaml3a, npeACTaBJieHHble Ha .ll,HarpaMMe 6e3onaCHOCTl-f, - KJII04CBOU 

MOMeHT AaH.HOH MCTOAHKl1, Il03B0JISI1011..(H.H cpopMaJJH3083HHO M0AeJIHpOBaTb CJIO)KHble CH­

CTCMbl H npou,eCCbl AJISI YSICHCHHSI 3aKOHOMepHOCTeH 11X B3aHMOAeHCTBHSI (p11c. 1). 3tta4eHHe 

AJJSJ OCH OPAHHaT AHarpaMMbl 6e3onacHOCTH - 3T0 CTaTyc CHCTeMbl, HTOroBaSI, Ha116onee 

KOHCCpBaTHBHaSI , Ka'!eCTBeHHO onpe.n.eneRHaSI B TepMHHax MeTOJU,lKH (S HJIH W) xapaKTe­

pHCTHKa paccMaTpHBaCMOH CHCTeMbl. O4eBHAHO, 4TO pe3yJJhTaTbl 3H3JIH3a noKa)KyT o6naCTb 

He,llOnyCTHMhJX COCTO.SIHJ1H NT Ra AHarpaMMe 6e3onaCHOCTH npH IlOJIHOM OTCYTCTBHJ,f CHC­

TeMbl (cpym<u,1,rn 6e3onaCHOCTH) H, COOTBeTCTBeHHO, JIHHHH 3aazytTbl npOTHB Bbt6paHHOI'O 

HC. He HMeeT CMhICJJa cyMMHposaTb HTorosyJO ou,CHKY CHCTeMhl (ee cpyttKU,HH 6e3onac­

HOCT11) C 00,CRKOH HCX0AH0I'O co6blTHSI, KaK 3T0 6b1Jl0 np11HSIT0 B op11rnHaJibHOH MeTO.ll,HKe 
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[ 1 ], nocKonbKY MC 3aH1uKaeT ou;eHKY CH­
cTeMhl, H ,11.HarpaMMa 6eJonacHocTH no­
Ka21<eT MeHee KOHCepBaT.EIBHblH pe3ym,­
TaT. OIJ,eHKa acxo.n.Horo co6blTIDl B Tep­
Mimax S rum W CTaHOBHTCSI B3JlHillHeit 
Y'-leT MC B anropHTMe a.n.ann1poBaHHo:i% 
MeTOAfil(H 6y.n.eT npoHCXO,ll.HTb JUIIIl_b KOC­
BeHHbIM o6pa30M, IlOCKOJlbKY CHCTeMa _H 

BbIIlOJIH.sieMa.si e10 ¢YHKII.HSI 6eJonacuo­
cTe HAeHTHqJJ?lll.HPYJOTCSI HMeHHO B KOH­
TeKCTe .n.aHHoro I-IC. 

B paMKax ,11.M1>HeHIIIHX pa6oT no a.n.an­
TaIJ.HH MeTOAHKH LoD rrpose.n.eHl,)_ amum3 
H KOHKpemJaIJ,IU[ cran.n.aPTHblX Borrpocos 
(KpHTepHeB) C yt-leTOM Tpe6oBaHHH JJOCCHH­
CKHX HOpMaTHBHhlX ,ll.OK)'MeHTOB, B TOM 

JlHIIHH 

3amHThl 

0 

w 

wuw 

s 

suw 

suwuw 

SUS 

susuw 

1'S 

TL 

MS 

V 

NT 

TS 

TL TS 

TS 

TL 

TL 

IL IM IA 

lfHcne rro.n.xo.n.a ;D;JISI aHclJJHJa YCTOKtilf.BOCrH PHc. I. )].HarpaMMa 6eaonacHocTH 

CHCTeM K e.n.HHHltHOMY OTKaJy. 
Kp1nep1111 Ka'-lecrea (Qualified for duty - Q) MSI aKTHBHhIX CHCTeM no3eonsteT ou;eHHTh, 

HaCKOJibKO c:e:CTeMa COOTBercTByeT orrpe.n.eneHHOMY .WUI Hee npH apoeKTJ1J)OB8Hl1H CTaTycy [ l ]. 
IlpH ana.rnt3e rraCCHBH.hlX CHCTeM 8 pa60Te (4] peKOMeH,ll.OBaHO ou;eHHBaTb Ka'-leCTBO H KOH­
cepsarn3M npoeKTa (Q-QuaJified). B Ta6JI. 1 rrpHBe.n.eHo cpaBHeHHe KPHTep11es Ka'-lecrsa 1.oD 
c Tpe6osamrnMH, npeA1>smJIS1eMblMH rrpHHU,11IIaMH 6esonacHOCTH npH npoeKTHposamrn poc­
CHHCKHX AC a ax c:e:creM (n. 4.1.1 (5]), H Tpe6oBaHJU[Ml1 K o6opy,a:oeamuo HOBOfO IlOK0JieHIDJ 
(KJiaccos LS u: 2E) ¢paHIJ,y3cKDX AC c peaKropaMH cepHB N 4 L 6 J. 

T a 6 n H u a L. KpwrepHH iraqecTea 

<l>OpM)'nl-tpOBKa Tpe6oeam111 OTIB 88\97 Tpe6oeaHHll no npeJ.VJaraeMa11 

KPHTep1111 Kallecrna 6e30naCHOCTH . q>OpMynHpOBKa KpHTepHSI 

Q Op11rHH3.JlbHO.:i K CHCTeMaM KalleCTBa Q 
MeTO)\HKJ.t AC <t>paHU.HH 

1 2 3 4 

Ql. liyAeT nH CHCTeMa, 3TOT CTaH}\8pTHblH eonpoc ATTeCTaU.Hll Ha pa6o- QI . 6yAeT JIH Cl1CTeMa no-

9KcnnyaT11pyeMa11 e MeT0AHK11 yqHTblBaeT Tpe- TOCnoco6HOCTb KaK e nHOCTblO BblllOnHSITb 3a).l,8H-

COOTBeTCTBHH C npoeKTOM 6oeaHHll n . 4.1.11 H n. 4.1.4, HOpManbHblX, TaK 11 B Hble cj:>yHKl.l11H npH B03HHK-

(ttnH C A0nyCTl1Mbl:Ml1 0TK3- Tpe6oeaHMll K YCH3 aeapHMHb1x ycno- HOeeHHH ycn0BH}I, npeAyC-

3aMH n. 1.2.12), BblTIOm-lSITb (n. 4.4.4.1) H YCli BHSIX MOTpeHHblX npoeKTOB? 

33AalfHbte if>YHKU.HH? ( n. 4.4.5.2), JICE (n. 4.6.3), Onpe)J.eneH&I nH npoeKTOM 
fuH 6yAeT nH CHCTeMa 9KC- OCJi (n. 4. 7 .1), AOnonHw- AC H pa60•1e11 AOKYMCHTa-

nnyaT11poeaTbCS1 o ycnoeH- TenbHO: n. 4.1.8 11 4. 1.9. U.HeH ci-tcTeM nporpaMMbl H 

SIX, COOTBeTCTBYIOI.LlHX npo- MeTOAHKH WCnblTaHJ,111, npo-

fKTY 11nH C AOnyCTHMblMH oepKH J,I K01HpOnSI pa6oTO-

OTJ<nOHeHHSIMH OT Hi'lX? cnoco6HOCTl1 CHCTeM? 

ITpe}\yCMOTpeHbl nH B npoeK-

Te AC cpeACTBa, C noMOW.blO 

KOT0pblX l1CKJUOlla10TCll eAH-

HHllHble OWH6KH nepcoHana 

HID! ocna6nlll0TCSI HX nocneA-

CTBHSI? 

He npHBOJ:IHT nH COBMell.lC-

HHe <PYHKU.1111 6e30nacHOCTH 

C <pyHKU.HllMH IIOpManbHOH 

9KCnnyarnl(HH K HapyweHH-

SIM Tpe6oeaH1111 06ecne•1eHHS1 

6e3onac11ocn-1 AC H CHH:>Ke-

HHIO Tpe6yeMOH H8Ae:>KHOCTH 

CHCTeMbl? 
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OK0H1taHIW 1110611. I 

J 2 3 4 

Q2. Bb1Aep)l(11T n11 Cl1CTeMa Kp11Tep1111 OTpa)l(aeT Tpe- IlpoeeAett11e nep110- Q2. Bb1Aep>K11T n11 Cl1CTeMa 

WT3THble 3KCnnyarnu.110H- 6oeaHl1!1 K Mexattw1eCKOH A11'1eCK11X 11CnbITa- 6ea pa3pywett1111 CTaT11•1ec-

ttb1e HarpyaK11 e npou.ecce yCTOl1'111BOCTl1 11 OTCyTCT- Hl1H B xo.ne 3KCnny- KHe 11)lHHaMH'leCKHe Harpy 3-

3 Kcnnyarau.1111 1 •1To6b1 pa6o- 811!0 .necj>OpMau.1111 3KTHB- BTaU.1111 K1111 reMneparypttbre eoa.ne11-

TaTb e npoeKTHOM pe)l(11Me? HOH 30Hbl np11 HOpManbHOH CTBl1!1, B03Hl1Kat0w.11e B nlO-
3Kcnnyarau.1111 11 npoeKT- 6blX ee yanax 11 KOMnOHeH-

ttblX aeap1111x (n. 4.2.2), Tax? Q2. Ilpoeo)lllTCSI n11 11C-

Tpe6oeaH1111 K o6opy.noea- nblT3HHSI Cl1CTeMbl H Slwt!leT-

HHIO 11 rpy6onpoeo.naM KOH- CSI n11 HX nepl10JlH'IHOCTb AO-

rypa TennOHOCl1TeJl!I (n. 4.3), CTaT04HOH JVISI nO)lTeep)l()le-

)lOnOnHMTenbllO n . 5.1.5 HJot!l pa6oTocnoco6HOCT11 CHC-

reMbl? 

Q3. BblAep)l(HT n11 c11CTeMa CooTBeTCTByeT Tpe6oeatt11- CTOHKOCTb K aeMne- Q3. BbtnOnHl1T nH Cl1CTeMa 

BHeWHl1e B03)leHCTBl1!1, SIM n . 4.1.5, 4.1.6 Tp11ce111110 C)lo6anne- CB011 cj>yHKU.1111 B yCTaHOB-

•1To6b1 Ae11cTeoeaTh Hl1eM K03cl>cl>HU.HeH- neHHOM npoeKTOM OO'beMe C 

B COOTBCTCTBl111 C npoeKTOM? ra 6eaonacHOCTH y4eTOM B03)leHCTBHSI np11-

pO)lHblX S1BJ1eH1111, BHeWHHX 

rexttoreHHbLX co6b1T11f1 

11/11n11 np11 B03MO>KHblX 803-

)lCHCTBl1SIX npoeKTHblX aea-

p1111? 

Q4. CoorneTcreyeT n11 cj>aK- CooTBercrnyeT Tpe6oea- Cooreercre11e npa- Q4. ITpOXOAl1T nH Cl1CTeMa 

Tl14eCKOe COCTOllHl1C CHCTe- H11IO n . 4.J.10 BHn3M npoeKT11poea- nomf)'IO )l11arnOCTHKY (npo-

Mbl npoeKTHOMy ? Hl1!l 11 KOHCTpy11po- nepKy) Ha COOTBeTCTBl1e npo-

eattH!l, onpe.nenstio- eKTHblM nOK333TM!lM np11 

IIJ.11M 1 B 4llCTHOCTl1, eeo)le e 3Kcnnyarau.11io, noc-

MeTO)lbl paC4eTa, Bbl- ne peMOHTa 11 nep110)lH'ICCKl1 

6opa KOHCTPYKU.HOH- e re4eH11e ecero cpoKa cny>K-

HblX Marep11anoe, 6b1? 

H3l'OTOBJJeHl111 11 paa-

Melll,eHl1!1 

Q5. HMeior m1 uce CooreeTCTeyer rpe6oea- Co6nt0)lett11e npo- Q5. CooreeTCTBYJOT n11 era-

tteo6xo.nHMb1e o6ecne411ea- HHIO n. 4. 7 .2. J].On)l(llbl rpaMMbl o6ecne4e- rycy Ka'lecrea Q/QRA ece 

IOU~11e CHCTeMbl OA11H3KO- Y'll1Tb1BllTbCSI rpe6oeaHJ,fll 1111st Ka•1ecrea Cl1CTeMbl, no,n.nep>KHB3IOIIJ.11C 

BblH craryc Ka'lecrea Q/QRA n. 1.2.6, 1.2.7 )l.llHHYIO Cl1CTCMy? 

C Cl1CTCMOH, KOTOpylO OHl1 

nonneo>KneaJOT? 

CpaatteHHe KPHTepHea Ka'leCTBa no3aom1eT pacwHpHTb H yT0'lHHTb cTaHA3PTHhle aorr­

pocbt MeT0,l{HKH LoD B C00TBeTCTBHH C npKBeAeHHblMH Q>OPM)'.llHPOBK3MH Tpe6oBaHHH H3 

[5] H [6 ): 

- B pa3,l{ . 4.1 [5] «OCHOBHbie npHHUHITbl 6e3onaCHOCTH, peaJIH3yeMble npH rrpoeKTH­

poaaHKH aT0MHhlX CT3HUHH H HX CHCTeM. O6w,ue Tpe6oaaHIHI>> opHI'HH3JlhHOH MeTOAHKOH 

LoD 0CTalOTCSI He0XBa'leHHblMH Tpe6oaaHH.st n. 4.1.8, 4.1.9. ,UJISI CHCTeM 6e30Il3CHOCTH C 

MHorou.e.neBblM HCn0Jl1>30BaHHeM KpHTepHH KalJeCTBa M0>KeT 6hITb ccpopMyJI.HposaH CJieAy­

lOW.HM o6pa30M: <<He npHB0AHT JIB C0BMew.eHHe cpyHKU.HH 6e3onaCHOCTH C <PYHKU.WIMB 

HOpMaJihHOH 3KCnJiyaTaUHH K HapywettnstM Tpe6osaHHH 06ecneqea1u1 6e3onacHoCTH AC H 

CHH>KeHHIO Tpe6yeMOH HaAe)KHOCTH CHCTeM (3JieMCHTOB), Bblil0JIH.SUOill,HX <PYHKll,HH 6e3-

onaCHOCTH?>> PaCCMOTpeHHC A3HHOI'O BOnpoca 6hlJIO 6bl Jl0rHllHO CAeJJaTh B paMKax ou,eHJ<H 

no KPHTepHJO Ql. ECJIK B npoeKTe paccMaTpHaaeMOH CHCTeMbl npeAyCM0TpeHhl cpeACTBa, 

c n0M0ill,blO K0TOphlX HCKJIJOllalOTCSI e,l{HHH'!Hhle OWH6KH nepcoHaJia HJIH OCJia6JISIJOTC.sl KX 

noCJie.l{CTBHSI, B TOM 'lHCJie npH TeXHH-iJeCKOM o6CJiy)KHBaHHH, TO K ou,eHKe no KPHTepmo 

Ql npeAnaraeTc.s1 AOD0JIHHTeJihH0 Ao6aBJI51Tb cTaTyc S; 
- AJI.sl KPHTepH.sl Q3 Heo6XOAHMO ytJeCTh TO, '!TO BHeWHee B03AeHCTBHe, HanpHMep 

3eMJieTpstceHHe, He AOJDKH0 6h1Tb npH'IHHOH OTKa3a ClifCTeMhl, DOCKOJlbKY Bbl3hlBaeMhle HM 

MexaHKlJeCKHe Harpy3KH YllHTb1B3IOTCSI npH npoeKTHposamrn, caM BOnpoc, COOTBeTCTBeHH0, 

,l{0JI)KeH 6blTh yTOl{BeH KaK: «YtJTeHbl JlH B rrpoeKTe ClifCTeMhl 3anaChl Ha YBeJIH'leHHe Ha­

rpy3KH npu BHeWHHX B03AeHCTBH.srx?»; 
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- AHarHOCTHKa CHCTeM AOJDlrna 6b1Tb OTpa)KeHa B MeTOAHKe. nocKOJlbKY TeXHl-fl.feCKJ-1 

BTOpOH ypoBeHh rny6oK03IlleJTOHHpOBaHHOH 3aW,HThl 06ecne1nrnaeTCSl HaAe)KHblM pe3epBH­

poaaHHeM CRCTeM H HaJI.Hl.fBeM B rrpoeKTe ABarHOCTHl.feCKHX CHCTeM J:(JISl KOHTPOJISl COCTOSIHIUI 

3JieMeHTOB H o6opyJ:(OBaHHSl, TO K oo.eHKe no KpHTepmo Q4 paCCM8TPHB8eMOH CHCTeMbI 

npeAnaraeTCSl Ha3Ha-4aTb CTaTyc s, ec1111 AHarHOCTHKa pa60TOCIIOC06Hocn1 CHCTeMbl SlBJISl­

eTCSI yJ:(oaneTBOpHTeJlbHoii; 

R - KPHTepHH pe3epanpoaaa11S1 (u36b1T04HOCT11), o6ecne4HB8JOl.l.{HH cnoco6HocTb c11-

creMbl coxpaHSITh pa6oTocnoco6HocTb npu OTKa3e JIJ06oro ee aKTRBHoro 3JJeMeHTa (1 ] . .llm1 

CHCTeM 6eaonaCHOCTU, COCTOSIID,HX J.13 aKTHBHhlX 3JJeMeHTOB (RJTH naCCHBHbIX, HMeJOW,HX 

MeX8HH4eCKHe ABH)KYill,HeCSl 43CTH) KpHTepuu COOTBeTCTBYeT Tpc6oaaHHJO BbinOJIHeHHSl 

npHlill,HIIa eJ:(HRJf\lHOT'O OTK838 ( n. 45 (5 ]) H KOppem1pyeT C Tpe6oaaHHSIMH n. 4.4.5.7 ,LI.JUI 

ynpaBJISllOW.HX (YC6) H rr. 4.5.4 J:(Jl5I 3aW.MTHbIX CHCTeM 6e3onaCHOCTH (3C6) (5 ]. 
!I:Jl5I yMeHbIIJeHHSI aepOSITHOCTH OTKa3a 3apeaepBHpOBaHHOH CHCTeMbI 110 o6w.eu npu-

1.fRHe B poCCHHCKOH npaKTHKe y)Ke Ha CTa.zvrn npoeKntpOBaHHSl J:(OnOJIHHTeJlbRO K peaep­

BRpoBaHBIO npHMeHSI.IOTCSl Tpe6oaaHHSl cf>u3H4eCKOf'O pa3AeJieHHSl (HJIH He38BBCHMOCTH) H 

pa3HOTHIIHOCTH (rurn paauoo6pa3HSI). TaKHM o6pa30M, cf>opMyJIHpOBKa J:(8HHOf'O Kp1nep1-LS1 

MeTOAHKH JIHHHH 38IIJ.HTbl A0JI)KH8 6bITb pacIIIHpena H npH OLJ,eHKe yCTOH'UIBOCTH CHCTeMbl 

6e3oIIaCHOCTH no OTHOIIIemno K OTKa3y ee aKTHBHOro 3JieMeHTa aBTOMaTH'-feCKH AOJI)KHQ 

ou.eHKBaTbCSl, YAOBJleTBOpSieT Jiff CHCTeMa npmrn.1maM HeJaBHCHMOCTH H pa3H006pa3HSI. 

TorAa a)J.anTHpoaaHHaSl MeTOJJ.HKa 6y)J.eT Y'IHTbIBaTb ace B03MO)KHbie HCT04HHKH OTKa3a no 

o6m;eu npH4HHe (a. 4.1.6 (5]): 
- OTK83, o6yCJIOBJleHHbJH BHeIIIHHM B03AeHCTBHeM, Y4TeR B 01.J,eHJ<e no KPHTepRIO Q3; 
- CTPYKTypeo-cf>yHKU.HOHaJlbHblH OTKa3 (OTKa3 CHCTeMbl, OT KOTOpoH 38BHCHT cf>ytt-

Kll,HOHHpOBam1e paccMaTpHsaeMOH CHCTeMhl) Y4TeH B ou,ettKe no Kp1uepmo Q5; 
- OTKa3 no rrp.H1urne o6m;HOCTH KOHCTpyKu;HH HJIH yCJIOBHH pa60Tbl H Texo6CJ1y)KH­

Bamrn, BBeWHero B03AdiCTBHSI HJJ.U omu6oK rrepcottaJia (4.1.12 [7 ]) Yl.fTee s ou.em<e no 

KpRTepmo R, rJ:(e peaepaupoBaHHe, He3aBHCHMOCTb H pa3H006pa311e SIBJISlIOTCSI MepaMH, 

rrpeAynpe)K)J.aJOm;HMH caMo co6hlTHe H ero AaJJbHei:twee pa3BHTHe c noCJieAy10m.ei,1 .J1KKBH­

Aao.11eu nocne.ncTBHH. 

nocKOJibKY ne3aBHCHMOCTb (cf>H3Hl.feCKOe pa3,[J.eJJeHHe) 3al.lJ,HllI,aeT CHCTeMy OT OTKa30B, 

Bhl3BaHHhIX OKpy)KalOill,HMH YCJIOBHSIMH (H BttyTpeHHHMH, H BHemmorn.) , TO ou.eHKa Ha 

COOTBeTCTBHe KpHTepRIO R AOITOJIHSieT oo.eHKY no xp1nepHIO Q3. 
LI:11.s1 naCCHBHblX CHCTeM ou.eHKa no KpHTepHIO R - 3TO ou,eHKa HaAe)KHOCTH, onpe,[J.e­

JlSieMaSI Kal.feCTBOM TeXHH"l.feCKOro 06CJ1yx<1mamrn H npoBe,[J.eHHeM HCITbIT3HHH. Tw.aTeJibRbIH 

H perymipHblH KOHTPOJlb 3a o6opyAOBaHHeM AO B03HHKHOBeRHSl aaap11H AaeT ysepeHHOCTb 

B ero HCXOJJ.HOH RCnpaBHOCTH (n. 5.1.5 (5 ]) . J1cnb1Tam1e CHCTeM (3JJeMeHTOB) SlBJISleTCSI 

cym.eCTBeHHhlM Tpe6osaHHeM npuewma e,l:(HH0.4HOro OTKa3a, HRa4e HeBblSlBJieHHbie (CKpbl­

Tble) OTKa3bl AOJIX<Hhl Y4HTbIBaTbCSI AOITOJIHHTeJlbHO. J1Cn:h1Tauue nacCHBHhlX :)JleMeHTOB 

no.r,;paayMeBaeT 3KCIIJiyaTaLJ,HOHHble nposepKH. TTpoBe,l{em,e nepHOAH4eCKMX HCilbfTaHHH B 

XOAe 3KCnJJyaTal.J,Hl1 MOX<eT CTaTb rapaHTOM COOTBeTCTBHSI CHCTeMbl He TOJibKO KpHTe pHJO 

R, HO H Q2, KOTOpbrn AJISI CHCTeM 11I06oro npHHll,HOa AeHCTBIUI Mor 6bI 6b1Tb AOIIOJIHeH 

BOnpocoM: «npoBO)J.SITCSl JIH HCITblTaHHSI CHCTeMbl 11 SlBJlSleTCSl JUI HX nepHOAH4HOCTh )J.OCTa­

T04BOH AJJSI IlO)J.TBep)K,[J.eHHSl pa60Tocrroco6HOCTH CHCTeMbl?>> 

A - KpHTepHU aBTOM8TH3ao;uu AJISl CHCTeM, COAep)Kaill,HX aKTHBHhle 3JieMeHTbI, co­

OTBeTCTByeT, HanpHMep, Tpe6oBaHH.SIM n. 4.4.5.2 AJISJ YCE l5 ]. !I:JI.sJ naccHBHhlX 3JieMeRTOB 

B opHrHHaJibHOH MeTOAHKe JlllHHH 3aW.HThl AaHHhIH Kp11TepHH He uc11011hJye-rc.s1 11 ]. 
Ha 3cf>cf>eKTRBBOCTb nepBoro ypoBHSI rny6oK03WeJJOHHpOB8HHOH 3aW.HTbl cyw.eCTBeHeoe 

BJIHSIHHe OKa3hIBaeT pa3BHTOCTb CBOHCTB BHyTpeeHeH caM03aIIJ.Hill,eHHOCTH peaKTOpHOH 

ycTaHOBKH. 6b1Jl0 6bJ JIOrH4HO )J.JlSI paccMaTpHBaeMOH CRCTeMbl BKJll04.HTb B KpHTepHH aT­

Tecrau.un A ou.eHKy ee caM03aW.Hill,eHHOCTH, eCJJH TaKOBaSI RMeeTCSl (n. 4.1.7 (5 ]) . 
A - )J.JISI nepcOHaJJa :JTO pacrroJiaraeMoe BpeMSI, T.e HaJrnll.He BpeMeHH, AOCTaT04.HOf'O 

AJISI Bbl.IIOJIHeHHSI onepaTOpoM .n.eikTBRH, neo6XOAHMhIX AJISI Toro, 4.T06bl o6ecnelfHTb Bbl­

noJIHeHHe cf>YHKU.HH 6e3onacttocTH n c Y4eTOM B03MO)KHOH eAHHH4HOH own6KH. 
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TIOJiytlem1e oTBeTOB ua crattAapTHbte sonpocht Q, R, A eCTh onpeAeJiem1e 3Q>Q>eKTHB­

HOCTH JUIHHl1 3aW,11Tbl H SIBJISleTCSI KJI.J04CBblM MOMeHTOM aHaJrn3a 6e3onaCHOCTH B paMJ<aX 

npeAJiaraeMOH MeTOAHKH. CJieAyeT OTMeTHTh, 4TO s rrJiaHe pa6oT no A3JihHCHllleMy pa3-

BHTUJO MeTOAHKH H ee HHQ>OpMaU,HOHHOro o6ecne4eHH.SI HC06XOAHMO npeAyCMOTpeTb opra­

HH3aU,KIO 6aHKa A3HHbl.X no pe3yJlbT3T3M aHaJIH3a CHCTCM Ha COOTBeTCTBHe Kp1nepHS1M Q, 
R, A, KOTOpble OTpa:>t<alOT Tpe6oBaHHSI AeikTBylOW,HX poCCHJ1CKHX HOpMaTHBHbl.X AOKyMeH­

TOB l5, 7 ], H rrpou.eAYPY ero □ocTosiuuoi71 noAAep)l(KH. 

TI pH HACHTHQ)HKau,1,rn C.HCTeM, BX0ASIW.HX B JIH.HHJO 3all{HThl, H o□peAeJICIDrn HX CTaTyca 

AJUI ocH opAKHaT AHarpaMMht 6e3oaacuocTH B03MO:>KHl>I HCKJU04eHH.SI. B pa6oTe l4] OTMe-

4CHO, 4TO eCJJH Hl13K3SI sepOSITHOCTb OTK333 neHCTBHTeJibHO JlOKa3aHa OOblTOM 3KCOJiyaTa­

U.HH, TO CTaTyC s MOX<.eT 6b1Th Ha3Ha4eH BOnpeKH ueyna4.HOH aTTeCTau.im. BuepeaKTOpHhle 

CHCTeMbl ue MOryT s OOJIHOH Mepe YAOBJieTBOPSITb Tpe6oaaHWlM, □pe,n1>S1.BJI.S1eMh1M K peaK­

TOpHblM CHCTeMaM, no KOT0pb!M OHH 6y,nyT 0[(eHeHbl KaK CJia6ble, Hanp11Mep, no KpHTepmo 

pe3CPBKPOBaHHSI . TTpeAnOJiaraeTCSI, 4TO MO)KHO ou,eHHTb HX KaK CHJibHhle, Y4HTblBaSI co­

OTBeTCTBHe KpHTCp11S1.M Q H A. 
MeTOAl1Ka LoD B nepsy10 04epeAh paccMaTpHBaeT 3KTHBHhte CHCTeMhl 6e3oaacnoCTH 

B Ka4eCTBe JIHHHH 3aW,l1ThI, HO H He 0Tp11u.aeT, 4.TO 3JieMeHTbl, OCHOBaHHble Ha naCCHBHOM 

np11ttu.11ne ACHCTBH.SI, TO)Ke MoryT o6pa3oBaTh SLoD/WLoD (8 ). <l>1-13114ecK11e 6aphepbl ea 

nyT11 pacnpocTpaHeHHSI paAHOaKTHBHhIX aew,CCTB (T0ITJIHBHaSI MaTpwu.a, o6oJIOlfKa TB3Jia, 

K0HTYP TenJI0HOCHTeJISI, CHCTCMa JIOKaJIH3aU,11:ll) He AOJI)l(Hhl CBSl3blB3TbCSI C ITOHSITHeM JillHJHI 

3aW,HTbl. BKJ1t04eH11e CHCTCM JIOK3JIH3aU,lH{, SlBJUllOl.1..1.HXCSI 1.JeTsepThlM Q>H3H4eCKHM 6aph­

epoM, B JlliHHIO 33W,11Tbl U,CJiecoo6pa3HO np11 ou,eHKe Jl0308011 Har-py3KH Ha nepcottaJI, ea­

ceJieHHe, OKpy)KalOW.YIO cpeny H He HMCeT 3H34emrn □pH ou,eHKe CTe□emt □ospe)KACHH.SI 

aKTHBHOl1 30Hbl. 

O6w.He nplrnll,Hilbl Bht6opa AJISI aHa.11..113a MC YAOBJICTBOp.SIIOT onpeAeJICHH.SIM HCXO,l{HOro 

co6bITHJI 11 CAHHH4H0r0 0TKa3a an. 20 (5 J }I 11 (7 ]. Tip113HaKOM H.C SIBJISleTCSI Q>OpMHposau11e 

aBTOMaTH4CCK0I'O CHfHaJia Ha 0CTaHOB peaKTOpa HJl.11 Q>OpM11posam-1e yCJIOBHH, Tpe6y10~x 

OCTaHOBa peaKTOpa. Tiepe4eHb HCXO,l{HblX co6blTHl1 npoeKTHhlX 11 3anpoeKTHhlX aaapHH 

onpe,AeJieH s [9 ). 
IlpHHU,HO CJ{HHJil.IHOro OTKa3a o6bt4HO He np11MeHS1eTCSI K 3AaH1UIM, KOJIJICKTOpaM, Tpy-

6onpOBOAaM 6oJJbllJOro ,l{HaMeTpa, nacc,rnHblH OTKa3 KOTOpbIX MO)KeT 6h1Th HHHll;KHpOBaB 

BHCillHHM HJIH BHYTPCHHHM B03AeMCTBHCM. TipHHU,110 CAHHH4HOro OTKa3a npHMeHSleTCSI K 

3JICMeRTaM HaCOCOB, KJianaHOB, orpaHH4eHHblM Te4aM B MeCTax caapKJ,f npH A.ll.HTeJihHOM 

npoTeKaHHH asapHH. OUJ116KH nepcmiana, paccMaTpHBaeMble KaK MC, AOJI)KHhl 6wTb 

orpaHH4eRbl C.ll.ffRH4HblM HenpaBHJlbHblM ,llel1CTBHeM. lleJIOBC4.eCKHl1 q>aKTOp ,llOJl)KeH pac­

CMaTpHBaTbCSI K3K 3JICMCHT Jll1HITTI 3aUJ,HThl, YAOBJICTBOPSllOW.HH KpHTepHSlM aTTeCT3U:HH, 

B TOM 4HCJie H no pe3epBHposaIDUO. 

Ha BT0pOM 3Tane aHaJIH3a 6e3onaCHOCTH 3Hepro6JIOKa pe3yJihTaTbl ou,eHKH npeACTaB­

JISIJOTCSI B KOMITJICKCH0M BHAe AHarpaMMbl 6e3onacuocn1, ACM0HCTpFrpy10UJ,e11 aAeKBaTHOCTb 

arreCTOBaHHOH .lllf__HHH 331.lJ,HTbl B K0HTCKCTe K0HKpCTHOl1 aBapt1HHOH noCJieAOBaTCJlbHOCTU 

(npeACTaBJieHHOH B BHAe Aepesa co6htTH11} [ l ]. TI pH 3TOM npe,l{OOJiaraeTCSI, 4TO 4CM cephe3Hee 

flOCJICACTBHe asapHHHOro cu.eeaplUI, TeM OOJlbIDee KOJIH4CCTBO H 6onee CHJlbHhle JIHBHH 33UJ,HThl 

AOJI)KHbl cym,CCTBOBaTh Me:>K,ny IDIM H MC. B Ta6n. 2 onpeAeJleHbl 4eTblpe KaTeropKH noCJieA­

CTBl1J1 B TOM Bl1AC, B KOTOpOM OHH 6hl.11..11 11CDOJlh30BaHhl opHrHHaJibHOH MeTOAKKOH B npoCKTC 

TACIS TS/RF/10 JlJISI 2-ro 6noKa JleaHHrpaACKOH A3C c pea1<TOIX)M P:SMK. 
OcttoBHbte Hanpasnem,si JlaJlhHeihuux pa6oT no aAa□Tau,11H MeTOAHKH JIHHHil 3alll,RThl 

BKJIJ04alOT paCCMOTPCHHe H o6ocROBaHHe 4eThtpex KaTeropHH asapHHHblX IlOCJIC,llCTBHH. 

TipaKTHKa paC4CTHOro aHaJll,13a ITOKa3hIBaeT, 4TO noCJie HaCTyrrJICHHSI I1C asapmo I(eJie­

coo6pa3HO paccMaTpHBaTh no MOMCHTa CTa6HJIH3aU,HH BCex napaMeTpOB peaKTOpROH ycra­

HOBKH np11 H0pMaJibHOM cpa6aTblBamm CHCTCM 6e3onaCHOCTl1 rum AO M0MCHTa nOJiy4eHH.SI 

onpeAeJICHH0ro Heo6paTHMOro COCTOSlHH.SI pC..1KTOPHOl1 ycraeOBKB B CJJy4ae HaJIO)KeHllSI. Hecpa-

6aTblBUHJUI CHCTeM 6e3onaCHOCTH. TI pH 3TOM JlJI.SI HCCJIC,llOBaHHSI Ka:>K,noro HRU,ffACHTa R/lH asa­

Plfif u.enecoo6pa3HO HaKJiaAblBaTh e)lHHH4HblH OTKa3 CHCTeM 6eaonaCHOCTH, nocne,nCTBHSI KO­

TOporo SlBJl.SIIOTCSI Ha116onee He6Jiaronprui:THhlMH JlJISI paCCMaTpKBaeMOTO SIBJieHIDI. 
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T a 6 JI 11 u. a 2. TioCJ1eJlCTBHJ1 aeapHH no crencuH cepbC3H0CTff 

XapaKTe p n OCJlC,IICTBHi:°I aeapHfl 

Hapywe ~u,e npOCKTliblX npCJlCJIOB JlJlll TOIUIHBa, np11 KOTOpOM npOHCXOJlHT pacnJIUBJICIIHC 1'0n­

JIHBa ~IJIH 3 BTCKTHKa TOn11Haa/o60110•1K11 TB:>JIOB 11e 6onee 'ICM B OJlHOM K3HaJIC, H eT yrp03bl 

pa3pyiue m111 CHCTCMbl JIOKUJIH3UU.H11 aaap11f1 (CJIA) 

JloKaJJbHOC noepe>K)\CIIHC HC60JlbWOl'O 'IHCJla KOHaJJOB B npe.nenax npoeKTIIOH MOLU.HOCTH CHCTCM 

c6poca ,llaBJICHHSI 113 Pn H CJIA. HeT (p11311'1CCKOl'O 3Q)(pCKTa, KOTOpb1f1 CMOr 6bl np11aecrn K 

0TKU3Y CJIA 

Pac nJl!IBJlCHJ,IC !IKTHBIIOH 30llbl, KOTOpoe He npHBOJlHT K nOJIIIOMY OTKa3y CJIA npH H36blT0'1110M 

JlllBJlCll1111 , 110 MO>KCT npHBCCTH K ee nonpC>KJlCIIHIO BCJICJlCTBHC TCnJIOBOro yitapa 

Pacn11aBJ1e1111e aKTl1DIIOH 30Hbl , np11B0Jl!ILUCC K nOJIIIOMY OTK:13y H K:ITaCTpOQ)HllCCKOMY pa3py­

we111110 CJIA nOH nOil'bCMe BCDXIICH nJIHTbl OP.aKTOOa 

MeTOAHKa JIHHl1H 3aW,UTbl paccMaTpHBaeT cepbe3Hble nospe)K_nemur aKTHBHOH 30Hbl 

KaK K0He4HYJO CTaA"ff,JO asapl1HHOro cu.ettap1151 . Bo3MO>KHbte C0CT05IIDl.sl ycraH0BKH B npo­

u.ecce aBapni1 M0ryT 6bITb KJJaCCHcpuu,upoaaHbl KaK M0)KHQ 6oJtee.neTaJibHO, H0AeTaJIHJaU,HSl 

K0HelIHbJX COCTO.slHHH aKTHBHOH 30Hb( BCe-TaKH .SJBJl51eTCSI H3JntmHeH AJI.sl 00Jl.06HOH MeTO­

,AHKH. no aHaJl0rHH C npaKTHKOH aep0SITH0CTH0ro aHaJIH3a 6e3onaCHOCTH HCL(CJiecoo6pa3HO 

paccMaTpHBaTb HeKHe npoMe)KyT0\IHble cra.nww pa3a1nusi asapHiraoro npou.ecca u np11caa­

HBaTh H.M CTaTyc noCJie,ACTBUH. 

OnpeJl,eJieHHble BblB0Jl.bl 0 A0CTaT04H0CTH KaTeropHH noCJie,ACTBHH MCT0A11KH JIHHUH 

3anzyITbl M0ryT 6b1Tb c.nenaHbl Ha 0CH0Be cpasHeHHSI Tpex KJiaCCHqJHKaU,KH: pOCCHHCKOH, 

Me)K.Ayttapo.ntto11 (INES) 11 npe.nnaraeMoi% ,naHHOK MeTOJJ.HKOH. PaccMoTpKM Tpu noCJie,nHux 

ypoBHSI rny6oK0.9UJeJIOHHpOBaHHOH 3aUJ,HTbl (r33) B TOM BH,ne, xaK OHa npeJJ,CTaBJICHa B 

pOCClllICKl1X HLl (5 ]: 
- Tpenri1 ypOBCRb rJty6oK0.9llieJIOHHpOBaHROH 3all.(11Tbl BKJIIOI.J.aeT B ce6si npe.noTBpa­

w,eHHe nepcpacTaHIDI MC a npoeKTHhte aaapHH, a npoeKTHhTX asap11i1: - a JanpoeKTHbre 

C opKMeHeHHCM CHCTCM 6e3onaCHOCTH " OCJia6J1eID1e DOCJICJJ,CTBHH asapml, K0TOpbre He 

y,naJI0Cb npeJJ,0TBpaTHTb, nyTeM JIOKaJIH33U.HH Bbl,IleJISIJOIIJ,HXC51 paJJ,H03KTHBHblX sew.ecrs; 

- 4eTBepTh1M ypostteM rny6oKo.9wenoH11poeaHHoii 3aw.11Tbl AC .siansieTcsi ynpaaneH.He 

3anpoeKTHblMH asapliSIMJil, T.e npeJJ,0TBpameHHe pa3BHTHSI 3anpoeKTHblX aaapH.H H OCJia6-

JieHHe HX noCJie,ncTBHH, 33I.U.HTa repMCTHllHOro orpa21<.neH11J1 OT paapyrneH11S1" noimep)KaHJ.1e 

ero pa60Tocnoco6HOCTH, B03Bpaw.eHHC AC B K0HTpo,rnpyeMOe C0CT0SlHHe, npH K0T0pOM 

npeKpam.aeTCSI u.errnaSl peaKIJ,HSI ,neJICH_HSI, o6ecneirHBaeTCSI nOCT0SIHH0e 0XJia)KJJ,eHHe SIACP­

HOro T0DJIHBa H yJl,ep)KaHHe paAH0aKTHBHhlX BCU(CCTB B ycTaH0BJieHHhlX rpaHHU,ax; 

- nsiTw11 ypoeeHh r33 noJJ,pa3yMesaeT nponrnoasap11irnoe nnaHuposaaue a CJ1y4ae 

nospe)KJJ,eHIHl CHCTeM JIOK3JIH33U."-H (4eTBepToro 6aj>bepa 6e3onaCHOCTH). 

OcHOBblBaSICh Ha BbIUJenpHBe,neHHblX onpe.l{eJieHHSIX yp0BHeH r33, M0)KHQ YCJI0BHO 

onpe.l{eJIHTb 1.J.eTb1pe rpynTJhl asapHHHbTX COCTOSIHHH peaKTOpH0H ycTaHOBKH, nepe4HCJieH­

Hhle a Ta6JI. 3. 

YcnoeH1,1e 
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T 
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M 

A 

T a 6 JI 11 u. a 3. Cpae11e11He noCJtc~CTBHH aeapHH 

KaTerop~,11 op11n111aJ11,1-1011 

MCTO,!\HKl1 J...oD 

J lapywe1111e 

JloKaJlhHOC noape>K.ue1111e 

PacnJlaBJJCIIHC aKTHBHOft 

30Hhl 

TSl>KCJIOSI aaapHSI 

YCJIOBIIO onpe.ueJICHHblC aeap~IHHblC COCTOSIHHll 

nepCXOJlHhlC pe>KHMbl 11 npoeKTllble aaap11n 

(3-H ypOBCllb) 

3anpOCKTHblC anap1111, nOCJICJlCTBHll KOTOPbLX 

oc11a611eHbl pa60TOH CE, B TOM 11"1CJIC JIOK3JIH3y­

lOLU.11X CE (3-H ypOBCHb) 

3anpoeKTllblC aeapHH, npH KOTOpblX y >Ke pa3py­

WCHbl TPH 6npbepa 6e3onac11ocT11 (4- H ypOBCllb) 

3anpoCKTHblC aoapHH C pa3pywe11HCM Cl1CTCM JIO­

K3Jl113aU1111 (4- 5 - H ypOBCHb) 

Tll>KCJlble JanpOCKTHblC auapm, C pa3pywe11HCM 

CHCTCM JIOK3JIH3UUHl1 (5- H VODBCHb) 

K.naCCHQ>HKa UHll 

INES 

3 

4 

5 

6 

7 
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.ll.JISI ou,eHKH SIAepHblX HHU,HJ.leHTOB H co6bln1H Ha AC C 1 ceHrn6pSI 1990 r. Ha POCCHHCKHX 

A3C ucnoJ1h3YeTCS1 Me)KAyHapOJ.1HaS1 mKaJia SIACPHhlX co6bITHH (INES) I 10 ], SIBJ1S1101..U.aS1cSJ 

cpeACTBOM onepaTHBHOro HHcpopM11posaHHSI 061..U.eCTseHHOCTH O 3H3llHMOCTH C06blTHH C TOll­

KH 3peHKSl SIAepHOH 6e3onaCHOCTH, npOHCXOAS11..U.11X Ha SlAepH.blX ycTaHOBKaX l1 OObeKTax. 

CTaTyc WKaJ1b1 IN ES He no3soJ1sieT AaBaTh Ha ttce KaK11.e-Jrn60 TexHHl!ecKHC CChlJTKH, OJ.IHaKo 

Ll,CJ1ecoo6pa3HO paCCMOTpeTb peKOMeHAyeMylO eio KJTacCHcpHKaLl,HIO co6htTHH (p11c. 2) . 

J\.eapllH 

lllUUIAt'IIT 

On,:no11Nme 

7. TRllCCJHlll 3R3pHll 

6. Cepbe:illall aBaplUI 

5. , \napHn c pHci.0~1 .ll)U1 oKpy ,imomeli cpetti.1 

Bile llJlOlllaJlKH A3C 

4. Allnpm1 61!'.1 J lfO'lflTeJlblfOro pHCKO 

llJ1JI 01\l))')l(OIOUldi cpe;u,, BIie OJlOIUaJIKH A' C 

3. C,:pbC-J llbtH 1111uHJteHT 

2 . HIIUH;\CHT 

I. AIIOMMbll:ul O.:Hf'Y3llH!I 

0. BHe WKaJlbl 

0rcyrCTByeT 'lH3'1HMOCTb C T011KH 3peHHll 

6c:ionac11ocn1 

Bo-nepsb1x, 113 cpasHeH11S1 poccau­

CKoro nOAXOJ.13 K KaTcrop1133U,HH asapHH­

HblX noCJ1eJ.1CTBRH 11 npeAJ1araeMoro a Me­

TOJ.IHKe LoD CJ1eJ.1yeT, llTo: 

- cy1..U.eCTBYJ01..U.aS1 a LoD KJTaccucpa­

Kau,uS1 llOCJleACTBHH He COAep)KHT KaTero­

pH JO n poeKTHhfX aeap1111 H nepeXOJ.IHhlX 

pe)KHMOB; 

- no 3anpoeKTHblM asapHSIM, no­

CJ1eJ.1CTBHS1 KOTOpblX OCJ1a6J1eHb1 pa6oTOD 

CHCTCM 6e3onaCHOCTH, B TOM llHCJie J10Ka­

J1.H3YJOIIVOC, npeJ,1J1araeTCS1 KaTeropKSI V; 
- no lleTBepTOMY ypoBHIO .f33 H, co­

OTBeTCTBCHHO, 3anpoeKTHhIM asapHSIM , 

npH KOTOpbiX y)Ke pa3pyweHhl TPH 6apb­

epa 6e3onacuocru H ynpasJ1eHue aeap.He11 

Heo6XOAHMO J.IJ151 3alll.HTbl repMeTmrnoro 

orpa)KJ.lett11S1, npeAJ1araeTcsi KaTeropWI L; 
- no nSJTOMY ypoeHJO r33, T.e. 3a-

PHC. 2. Me>1<,nyuapo,1111a11 WKMa 11,nepHhlX co6blTHH (I ES) npoeKTHblM asapHSIM C pa3pyIDeHHeM CH­

CTCM J10K3JIH33U,HH - M H A. 
Bo-BTOpbIX, cpaettemte MC)KJ.lyttapOJJ.HOro nOJJ.XOJJ.a " noJ,1xo,na LoD no3BOJI.9'eT CAeJiaTh 

BblBOJ.1 o TOM, lfTO eepxHHe yposHH mKaJibl INES (4-7) noJ1HOCTb10 COOTBeTCTBYJOT KaTe­

ropH51.M noCJ1e.o:crsu11 MCTOJJ.HKH JUlHKH 3aWHTbl (V, L, M, A). TaKHM o6pa3oM, eCJ1M JJ.O­

CTaTOllBOCTh nOCJleACTBHH 4-7 OlleBimtta J.IJ1Sl MCTOJJ.11Kl1 LoD, TO KaTerop1111 Mettee 3Ha­

llHTCJlbHblX TIOCJlCJ.ICTBHH 0-3 B KJTaCCH<PHKau,i,n1 LoD SIBHO ue xsaTaeT. 

B-TpeTbR.X, POCCID1CK3SI KJ1aCCH<PHKaL1,HSI COOTBeTCTByeT IIJKaJle JJO ou,eRl<e sm;epHblX 

co6hlTHJ1 ua AC H HX B03MO)l<RhlX noCJ1eACTBR11, rAe co6hITTUI KJTaccucpHIJ;11py10TCS1 no ceMH 

ypOBllilM (0- OTKJTORCHHSI, 1-3- HHU.HJ.leHThI, 4-7 - asapmi). nepeasi rpynna YCJlOBHO 

onpe.n.eneHHblX noCJ1eACTBHl1 npoeKTHblX asapHH OTHOCHTCSI K HHJJ:HACHTaM, BTOpasi - K 

asapHSIM 4-ro KJTacca, TpeTbSI - 5-ro KJ1acca, lleTBepTasi - 6-ro H 7-ro KJ1accos. 

YI.MeJOII(HHC.SI onhIT pa6oT no cocrasJieHHIO s HTU, .5IPB «ATJ1aca noCJ1eJJ.CTBH11 aBa­

pKHHhIX pe)KHMOB Ha AC» DOJJ.TBep)K.n.aeT To, ttTO noCJ1eJ.1CTBHS1 tteKoTopblX npeACTaeJieHHbIX 

B aTJiace npoeKTHblX asap1111, cu,eHapHH KOTOpblX 6blJ1t,f pCKOMCHJ).OBaHbl K AOITOJ1Hl1TCJlbHOMY 

paccM0TpeH1110 3KcnepTaM11 HTU .slPB 11 npe.ncTaeJ1eu1110 e 06oceoeblBaJOII(e116e3onacHocTb 

J.IOKYMCHTaLl,HH, Bbl3bIBalOT He3H3llHTCJlbHOe l13MetteHHe napaMeTpOB 3Hepro6J10Ka no cpae­

HCHJ-110 co CTaLl,HOaapHOli pa6oTOH Ha MOI..U.HOCTl1, H J).eHCTBl1TeJibHO Cylll.eCTBYeT ueo6XOAH­

MOCTb BO BBeACHHH B KJ1acc11cpliKaL1,IUO LoD KaTeropHH, o6,,eJJ.HHSIJ01..U.CH ITOCJlCJJ.CTBWI npo­

eKTHblX aeap1111 11 nepeXOAHblX pe)KHMOB l1 J, 12, 13 J. 
CorJ1acHo onpe.neJ1eHKS1M VLMA-KJ1acc11cp11Kau,1111 MeTOJJ."HKa JIMIDIH 3aII(HThl paccMaT­

p11BaeT TOJibKO 3anpoeKTHbie asapHH. PacCMOTpeHHe npoeKTHbIX H 3anpoeKTHblX aBapKH 

B POCCHHCKHX H.LI. JJOApa3yMesaeT COlleTaH11e J).eTepMHHHCTHlleCKOro H BepOSITHOCTHOro no.n­

XOAOB (n. 1.2.12, 1.2.17, 4.2.2 (5 ], rJ).e onpeJ).eJleHbl sepOSITHOCTHble 3Ha4eHK.SI nospC)l<Ae­

HHH) . .ll.JISI npoeKTHblX asapHH OCHOBY J,1eTCpMHHl1CTHlleCKOrO TIOJ.IXOAa COCTaBJlSIJOT nocry­

JUtposaHHhle vl.C 11 npH.HLl,HTI CJ.111ITTlllHOro OTK333 C onpeJ).eJleHHeM J).JlSI Ka)KJ).011 aeapaH 

OJ.IH03HallHOH noCJie)l.OBaTeJlhHOCTH H ee paJJ.HaU.HOHHblX noCJ1eACTBHl1 . .ll.J1S1 3anpoeKTHhIX 

asap1111 TaKOH TIOJJ.XOA np11MeHeH 6b1Tb He MO)KCT, TIOCKOJlbKY 3anpoeKTHaS1 aeapHSI B03HB.­

KaeT np11 He ytlHTblsaeMhlX ,nJisi npoeKTHwx asapH11 MC H.Tll1 coapoeo)KAaeTcst .n.onoJIH11-
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TeJibHbIMH no cpaenemno c npoeKTHblMH asapHstM1" OTKa3aMH CB caepx emrnH4Horo OTKa3a 

(a. 18 [5]). Ko.fml.leCTBO TaKMX cu.enap1"eB HeorpaH1"4eHO, 4TO Tpe6ycr npRMeHeH1"SI He 

co6bfTHHHO-opneHTHpOBaHHOro, KaK .rvrn npoeKTHblX aeapHi1, a CHMTTTOMHO-op11ettn1.posaH­

HOfO TTOAXOAa Z:VISI ynpaBJleHHSI 3anpoeKTHblMH aeapHSIMl1. 

,UeTepMHHMCTH4eCK1"11 □OAXOA K 3anpoeKTHbIM asapHSIM 6a3HPYCTCSI Ha MeTOAC nocry­
;u,1posaHHblX aeapHHHblX COCTOSIHHH. AsapHJ1Hble COCTOSIHHSI xapaKTepH3YIOTCSI yposHeM 

l{X TSDKeCTH, T.e. oapeAeJleHHOH CTeneHblO □ospe>KJ).eHJHI cj:,113114CCKl1X 6apbepos Ha nyTH 

pacapocTpaHeHKSI paJ].MOaKTttBHblX sem.eCTB. AeapHHHble COCTOSIHHSI He CBSl3blB3IOTCSI C Ka­

KKMH-JIH6o KOHKpeTHb(MH ca.enapHSIMJ1, TaK KaK OAH1" "TC )Ke asapHl1Hble COCTORHMSI MOryT 

o6pa30B8TbCSl B pe3yJThTaTe pa3BHTHSI asapH11HbIX npou,eccoe no pa3JIH4HblM cu.enapHSIM. 

TaKoii nepexoA OT asapHwnwx cu.cHap11ee K aeapHHHbIM cocTOSIHH.SIM AeJlaCT sech cneKTP 

3anpoeKTH.blX aeapHH o6o3pHMblM. ,llJISI Toro '-IT06bl KOJIH4eCTBO asapKHHblX COCTOSIHHH 6bJJIO 

orpaHH4eHHhIM, Heo6XOAHMO, 4T06bl KOJIHlJeCTBO paccMaTpueaeMhlX COCT05lHHH noepe)K)le­

HHH Q)H3H1.feCKHX 6apbepos TaK>Ke 6bJJIO orpaHH4CHO. AeapHIDibte COCT05lHH5l B aAann1po­

BaHHOH MCTOAHKe JIHHHH 3alil,HTbl AOJDKHbl OXB3Tb1B3Tb see aap11aHTbl B03MO)l(HblX nospe)l(­

)leHWi Q)H3HlfecKHX 6apbepos "Hx col.feTaHHH, 06pa3ysi wKaJ1y nocTyJ1»posaHHb1x asapKH­

HhlX COCTOSIHHH no HapacTaHHIO ypoBHeH T5l)KeCTl1. 

,U;rn Ka)l(JJ.Oro B03MO)l(HOro MC n11arpaMMa 6e3onacnocTH (CM. pnc. 1) noxa3brnacT OAHY 

H3 l!eTbipex □OA06J1acTe11 c KaTerop11eH 6e3onacnocT1" 3Hepro6noKa KaK nepcce4em,1e Ka­
Teroplfl,I noCJTeJ).CTBH.H (OCb a6cu,HCC) 11 ll}fCJla CHJlbHblX H CJ1a6brX JIHHHH 33lil,HTbl, KOTOpbre 

CT3Hll.HSI HMeeT a porns A3HHOH asap1"H (OCb OPAHHaT) [ l]. B Ta6n. 4 npe,uJ1araeTCS1 YCJIOBHOe 

pa3AeJlettHe AOIIYCTHMou K He.nonycr1-1Mo11 o6J1acre11 AHarpaMMhI 6e3onacttocT1-1 a.nann,po­

saHHOH MeTOAJU(H Ha \.feTb1pe TTOA06JtaCTI-I COCTOSlHlfH 3Hepro6JIOKa, onpeAeJISIIOW,11C YCJIOBIUI 

ero 3KCnJ1yaTaD,KH B TellCHl-!e onpeACJleHHOro epeMCHl1. 

T a 6 n H ll a 4. Karerop1111 6eJonac11ocn1 

Ycnon1-1b1e XapaKTepHCTHKa XapaKTepHCTHKa 

060311a11eHH11 KaTeropi-rn 0pHrnll8JlbHOr1 a1-ta nTHpooa I IHOl'I 

MeT0AHKl1 LoD MeT0,IHK11 LoD 

NT ( ot Tolerable) 3Kcnnyarnu.H11 )].o ycTpaHe111111 npo611eM1,1 OTK838Tb B Bbl,la 11e JIHU.ell-

He ,1onycn1.Ma 3KcnnyaTau,1111 He 06oc110- 3HH Ha 3KCnJiyaTal.ll110 11)111 

oaHa APYrDH 811A pa6oT 

TS (Tolerable Short) 3KCnnyaTal.lHSI A0HYCTl1MU Pewe1-1He npo6neMbl AOn>K- YCJIOBl-l!I JIHU,ell311H AOJl)I(-

Ha KOp0TKHH nepH0A ape- HO 6b1Tb ocyw.eCTBJ1e110 6e3 Hbl 6b1Tb Bbln0JllleHbl AO Bbl-

MeHH 3UAep)l(eK, :ia K0p0TKHM ne- Aa1JH JIHl.lell3HH 

p~10A upeMeHH, ll03M0>KIIO 

np11 K0MneHCHpy1ow.Hx Me-

ponpHSITl1llX 

TL (Tolerable Long) 3KcnnyaTal.l~lll AOnyCTHMa Pean113ooaTb Meponpi-111n111 Y CJJ0BHll Jl~ll.leH3111-1 A0Jl)I(-

Ha )lJIHTeJll,HblH nep110A ope- no nOBbllJJeHHIO 6e3onaCHO- llbl 61,1Tb BblOOJIHellbl BCK0-

MeHH CTH, ecn11 0HH He llBJl!IIOTC!I pe noCJie J1H1.1.e1n11ponam111 

CJIQ)l(HblMH 11JIH 3K0H0MH•I-

Hbl 

MS (Modern Standart) CoupeMe11Hb1i-i crn11,1apT He Tpc6yeTCR IIHK8KHX Me- BblAatJa m11leH3HH 6e3 Ka-

ponp11SITHH K11X-JIJ,J6o cyw.eCTBeHHblX 

VCJJ0BHH 

Mepoi1 ycTpaHsreMoro (KOMnencupyeMoro) AeQ)HU.HTa 6e3onacuocTH ::>Hepro6J10Ka HJIH 

3Q)Q)eKTHBHOCTH KOHKpCTHOro MeponpH.SITHSI no MOAepHH3au.i-rn SIBJI.SleTC.SI pa3HKLI:a B TIOJIO­

)Kemn1 ua AHarpaMMe 6e3oaacuocTH noA06J1aCT1" c KaTeropuei16e3onacnocr1-1, onpcAeJICHHOH 
AO H noCJle MOAepHH3all,HH [2 ). 

rpaHHU.bl pa3AeJieHH.SI AOnyCTHMbIX H HeAO□ycntMblX 06J1aCTeH 11 TTOA06JlaCTeH COCTO­
SIIDIH, 5lBJlSIIOUJ.HeC.SI Kp1"8blM11 nOCTOSIHHOfO p11CKa, npose.neHbl Ha OCHOBe CJJeAYIOW.HX npe.n­
DOJIO:>KeHHH (3 ]: 

- 3alllHTb(, B COCTaBe KOTOpblX HeT HI-I OAHOH CHJlbHOH JIHHHH SOT noCJJe.nosaTeJlbHOCTl,f 

co6blTJ,J.H, seAyw.ux K 06w11pn0My nospe>J<ACHHJO aKTHBHOH 30Hbl M (A) , C4HTa10TCS1 HC­

AonyCTHMhIMl1 (NT); 
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- JI.JUI 3JW,11TbJ OT IlOCJieAOBJTeJJbHOCTH co6blTl111, npHBO}lSIW,11X K asaplU(M C pa3py­

meHl1CM JKT11BHOl1 30Hbl, Tpe6ycTCSI no KpaiitteH MCpe o.o;Ha AOnOJJHl1TCJlbHaSI CJia6aSI JIHHIHI 

(W). ITepeXOA H3 JI106011 MCHeC YCTOl14HBOH nOA06JJaCTH B 6oJTee YCTOl14HBYJO; 

- nOATBCp)K}lCHHCM s3a11MOAeHCTB11JI noAC>C5J1acre11 TS 11 TL no sce11 OCH nOCJie.o;cTBim 

5113J1SleTCSI Tpc6osau11e Ha cyw.cCTBOBaHHe AOnOJJHl1TCJlbHhlX 3JW,HT, KOTOpble Heo6XOAHMbJ JJ,JlSI 

o6ocHOBaHH51 3KCilJlyaTJU1111 B Te4eH11e 6oJieC AJIHTCJlhHOro cpoKa (TL). 3TH AOTTOJIHHTeJlbHbIC 

3aUJ.HTbl ttco6xo.n.11Mo cnpoeKrnposaTb 11 stte.npHTb s ttaH6oJiee KOpoTKHH cpoK (TS); 

- eCJIH H noCJie 3TOT'O CTeneHb 3aW,11Tbl He n0BblCl1JiaCb, TO Heo6XOA11MO onpeJJ.eJJHTb 

H BHCAPHTb AOnOJIHHTeJibHbJC 3JW,HTbl, K0TOpblC He SIRJISIIOTCSI CJIO)KHbLMH 11 4pe3MepHO 

AOpor11Mu, T.c. ocyw.ccTBl1Tb nepcxo.n H3 Mettee ycToi1411soi1 no.n.o6JJaCTH TL s 6oJiee 

ycTOH'-L11..BYIO no.no6JiacTb MS no sce11 oc11 noCJie.UCTBHH. 

Bb1menpITTJe,neHHbtC npeJ].□OJ10)KCHl1SI OTHOC11TCJlbHO BH.na AHarpaMMbt 6e3onaCHOCTH Ha­

pS1,ny C YT04HCHHblMl1 TepMHHaMH H aJiropHTMOM, ccpopMyJ111posaHHblMH AOIT0JlHHTCJlbH.blMH 

Kp1,nep11siM11 ou,eHKH, a TaK)Ke ttanpasJiettfilf H o6beM .naJihHeihu11x pa6oT no aJ].anTau,m,1 

MeTOAHKl1 K Tpe6osaHHSIM pOCCHHCKHX HOpMJTHBHbtX AOKyMeHTOB 6blJlJ1 o6cy)K.neubl Ha 

ceMHHape, nocBSJW.CHHOM MCTOAaM oueHKH 6e3onacttocT11 AC [ l4 ]. B ceMHHape, opraHJil-
30BaHHOM UK Department of Trade and Industry AEA Technology, npHHSIJIH rrnc-rne 

npe,ncTaBHTCJIH UK Nuclear Installations Inspectorate (Nll), AWE, rocaTOMHa.n3opa Poc­

CHH 11 HTLI, 51PE, PoC3ueproaToMa, JlcHHHrpa,ncKoi-i A3C. O.a,eHKa sa)KHOCTH ,nJl.st 6e3oaac­

HOCTH Ka)K.!lOI'O OTCTynJieHHSI OT Tpe6osaHHH .neikTBy10w,e11 HOpMantBHOH AOKYMCHTaU.HH 
SlBJISleTCSI 3KTyaJibH011 3aJ].atteH KaK ,ll.JISI rocaTOMHaA30pa Pocci-rn, TaK H ,ll..llil 3KCrt.1JyaTH­

pyt0UJ,HX opraHH3aUHH. OAl:IJ1M 113 B03MO)KHblX cnoco6os npose.neHHSI TaKOH OU,CH.KH MO)KeT 
CTaTb MCTO,l{HKa JlHHHH 3aw;HTbl (LoD) • .ll,JJibHeihuec pa3B11THe H a.n.anTJLI;HSI MeTOJl.Hirn 

u,eJiccoo6pa3Hbl np11 onpe,nCJieHHH ec □OTeH[J.MaJibHbJX nOJib30BaTeJJe11. MeTOAHKa LoD MO­

)KeT np11MCHSITbCSl KaK AJ151 IJ,eJlCH rocaTOMHJJJ.30pa Pocc11H, T3K 11 3KCnJiyan1py10w.11MB 

opratt113a U.MSIMJt. 
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Y,LJ.K 621.039 

B03MO)KHblH rro,n:xo,n: K HOPMATMBHOMY 
OEECITEqEHMIO YTl1JIH3Altl111 

ATOMHhIX IlOJ:I:B0,11,HblX JI0,11,0K 
O.M. KoaMeau'I, B.fl. Ille.wneJtea, A.51. 1lfyJLbZUH, 

HTJ..( f/PE, 109280, MocKaa, yJL. Aamo3aaoocKaJ1., 14/23 

PnCCM0Tpell n0,'lX0;:t K HCn0Jll,30namuo 11opMan1BHblX /:\0KyMCIIT0D p33llb1X BC,'l0!'ofCTB H pa3JHl•moro yponllSI 

K npou.eccy ynt.TIH3UUHH 3T0MllblX 1"10,'lB0,'lHblX JI0!I0K (AnJJ). a TaK)f(C u.enecoo6pa3IIOCTb npooeitCIIHSI a11aJ1HJn 
3<1~111Tepecoea1111blMH opramtJaU.HSIMH HCl"l0Jlb30Ba111111 HMeWIUIIXCSI 11op:-1aTl1DllblX ,'l0KyMCIIT0B 11a p33JIH'lllblX :na­

muc TeXH0J10rw1ecK0ro npouccca yntJJH3aUHH AnJI. 

POSSIBLE APPROACH TO THE DEVELOP ME T OF REGULATORY AND LEGAL BASISOF 'UCL.EAR 

SUBMARI ES DECOMMISSION! G. O.M. KOYALEVICIJ, Y.P. SIIEMPELEY, A .Y. SIIULGIN. The paper 

considers approach to the use or regulatory documents or different levels and departments relevant to nuclear 

submarines ( ;5) decommissioning, as well as advisability for the organizations concerned to analyze the use of 

available regulatory documents at dirrcrent stages of I S decommissioning process. 

BBE,[(EHHE 

Ynurn3au.1u1 BbIBe,!J,eHHblX 113 6oeeoro cocraea BM<D Poccm, aTOMHhlX nO,!J,BOAHhIX JIOAOK 

(AilJI) CTaJTa HaU.HOHaJlbHOH npo6JTeMOl1 CTpaHbl, K peweHHIO KOTOpOH np11BJIC4CHbl pa3-

JIHllHble MHHHCTepcTBa, Be,!J,OMCTBa H opraHHJau,1111. CcpbC3HaSI ... Ja6ot-1CHHOCTb 3TOII npo-

6neMOl1 cyru.ecreyeT » Ha Me)l(,!J,yHapO.ll,HOM ypOBHC. 

Ha npowe,!J,mHx s nocne,!J,HHC ro.D,hl KOHcpepeHu,Hstx n ceMHHapax no YTHm13au,H11 ATIJJ, 

a TaK:it<C s pSI.D,C ny6;rnKaU,HH .!J,OCTaTOlJHO lliHpoKO paCCMOTpeHbl MHOrolllJCJICHHbIC acneKTbl 

3T011 npo6JieMbl: TCXHII\-ICCKHC, 3KOHOMH\-ICCKHC, 3KOJIOrHlJCCKHC, o6ecnCllCHJ1SI 6c3onacHO­

CTH, npaBOBblC, HOpMaTHBHblC " T.n. 

CJ10:it<11ewaS1CS1 tteycTOHllHBaSJ CH.Tyau.11st c o6o3HalleH»eM Ha rocy.ll,apcTBCHHOM yposHe 

06S13aHHOCTeH 11 OTBeTCTBCHHOCTH pa3JIHlJHblX Be)lOMCTB H opraH113aU,HH, npH.BJle\-leHHblX K 

pernCHHIO ::>TOH npo6JJCMbt, a T3K)KC HC,llOCTaTOK Q)HHaHCOBblX cpe.ll,CTB CTaBSIT .!J,eHCTBHTeJlbHO 

CJIO:it<Hble sonpOCbl. O.!J,HaKO cpopMyJlHPYIOTCSI TaK)KC npo6JieMbl, KOTOphle nopott H3JlHllJHC 

.ll,paMaTH3HPYJOTCSI. 

OAl1H H3 TaK.Hx <<HaBSI3llHBblX>> BOnpOCOB - HOpManrnHo-npaBOBOe o6ecnelleHHe npo­

u;ecca YTHJll-l3au,Im AITJJ. TaK, CCJIH Ha KOHcpepeHI.J.1111 B 1995 r. [ 1 ] 3TOT BOnpoc JIHllJb 

3aTparHBaJICSI B O,!J,HOM-,!J,BYX ,!J,OKJTa.!J,ax, TO Ha KOHcpepeHU,1111 B 1997 r. [2] eMy 6btJJO 

nocsS11D,eHo HeCKOJihKO OTACJlhHhlX coo61.l.1,emtii. Oco6b1i1 11HTepec K STOMY sonpocy 6btJI npo­

SIBJJeH B 2001 r. Ha Me)K,!J,yHapO.!J,HOM CCMHHape <<3KOJIOrHlJeCKHC npo6JleMhl YTHJIH3aU,HH 

ATIJI>>, Ha KOTopoM ,!J,aHHOH TeMaTHKC 6hlJia OTBe,!J,etta OAHa H3 t-1eTbIpex ceKU.RH. PaHee 

IlO.!J,fOTOBJleHHblH aBTopaMH MaTepHaJl 6b1Jl npe.uCTaBJieH Ha 3TOM CCMliHape (B C)KaTOH cpop­

Me) s BH)le AOKJTa,!J,a [3 ]. 
AHaJJH3 npe)lCTaBJleHHblX .!J,OKJTa.!J,OB noKa3btBaeT, 4TO MHOfHe aBTOpbI BKJTa,!J,blBaJOT CBOH 

CMblCJI B IlOHSIT.H.SI npaBOBa.SI, HOpManrnHa.SI, HOpMaTHBHO-TCXHH4eCK3.SI H .llpyra.SI ,!J,OKYMCH­

TaU,HSI, ,!J,eMOHCTpnpy.S1 B p.Sl.lJ.C cnyqacs npHsep)KeHHOCTb K onpe.ll,e.nenttou. se)lOMCTBeHHOH 

,!J,OKyMeHTaU.lffl H HClJeTKOC npe.n.cTaBJICHHC O cpopMHpycMOH B HaCTOSIIIJ,ee speM.R B COOT­

BCTCTBHH C cI>cAepaJTbHblM 3aKOHOM «06 11CnOJTb30BaHHH aTOMHOH snepra.u>> HepapxHH HOp­

MaTHBHblX .!J,OKyMeHTOB. 

B ,!J,aHHOH pa6oTC Ha OCHOBaHHH o6o3H3llCHHblX TeXHOJIOrn4eCKHX 3TanoB npOI.(CCCa 

YTMH3al.(HH ATIJJ paccMaTpHBalOTCSl CJ1e,!J,y10w11e sonpOCbI: 

- KaKue npunu,HnHaJihHhfe Tpe6oeamrn no o6ecne4eHiuo si.ll,epnoH, pa.ll,11au.Hott11oi'1, 

SKoi10rHt-1eCKOH 6e3onacHocT11 tteo6xo.!J,11Mbl AJ1S1 Ka)K.!J,Oro ::rrana; 

- KaKRe cymeCTBYIOl.ll,He Cl1CTCMbl HOpMaTHBHblX ,!J,OKyMeHTOB Il03BOJUUOT (B TOH HJIH 

HHOH CTeneHH) pewaTb 3TH 3a)la4H; 
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- KaKl1C eonp0Cbl 0CT3IOTCSI 0TKpblTbIMH; 

- KaKHe JJ.0fl0JIHHTCJlhHble H0pMaTHBHb!C JJ.0KYMCHTbl HC06XOJJ,HMO pa3pa6aTblBaTb. 

ABTOpbl He CT3BSIT Ja.11.a'ly AaTb np1mpHTCT JJ,0KYMCHTaM Toro HJIH HHOI'O BCJJ,OMCTBa 

crocaT0MHaJJ.Jop P<D, M11H3Apas P<D, M,rnaTOM P<D, MHtto6opottb1 P<D "T.n.). B HaCTOSIUJ,ee 

speMSI Ba)KHO nOHSITb, K3KHC 3T3Ilbl yn1JIH331.J,HH ATIJI MOryT 6btTb 06ecne11eH1:>1 HMCIOUJ,H­

MHCSI H0pM3THBHbIMH JJ.OKYMCHTaMH, KaKHe He o6ecne'ICHbl H "4TO H3AO AeJiaTh B nepsyJO 

O'ICPCJJ.b. 

Boapoc rapMOHH3aU,HH 3aTparasaeMblX JJ,OKyMeHTOB pa3HbIX BeAOMCTB J(OJI)KeH CTaTb 

CJieAyt011.1,ei1. Jan.a11ei1.. 

3A)].EliCTBOBAHHblE B PEil]EHHM TIPOBJIEMbl CTOPOHbl 

IlpaBHTeJihCTBOM Pct) npHHSITbl JJ,Ba Il0CT3HOBJ1CHHSI 00 JJ,aliHOMY BOapocr (4, 5 ]. 
B IlOCTaHOBJieHHH [4] rocyn.apCTBelilib!M 3aKa3"4_HKOM-KOOpJJ,liHaTOpoM pa6oT no KOM­

OJTCKCHOH yTHJTHJau,1111 ATIJI H H3JJ.BOAlihlX Kopa6JTeH c SIJJ.epttbIMH 3Hepre-r1111ecKHMH ycra­

HOBKaMM (HK c 5I3Y) co CHH)KCHHeM paJJ,Hau,HOHHOH onaCHOCTH B Mecrax Hx JJ.HCJIOKaU.HH, 

3KOJTor11'lecKoi1. pea6'rn11Tau,u1-1 06-heKTOB BM<l>, cssiJaHHhIX c speMCHHhlM xpatteH_HCM OT­

pa6oTaswero SIJJ,epttoro TOflJIHBa (O.5IT)' TBepJJ,blX pam10aKTHBHblX OTXOAOB (TPO) H )KH.Zl,­

KHX paAHOaKTHBHblX 0TX0JJ.0B ()KPO)' onpeAeJTeH MHHaTOM P<l>. 

K peweHHJO .11aHHOH npo6JICMhI npHBJie4eHhl TaK;>Ke M1rno6op0Hhl P<l>, MHH3KOHOMHKH 

P<D, M11ttcp11u Pocci,rn. ro;10BHhIM ecnoJIHHTeJieM pa6oT onpcn.eJieH rocyn.apcTBeHH.hlH poc­
CHHCKHH U,CHTP aT0MHOro CYAOCTpoeHHSI (f p U,AC)' a B 'laCTH pa6oT no SIJ(epHOH H paJJ,H­

au,HOHHOH 6e3onarnocT11 11 3KOJiorn11ecKoii pea6HJU1.TaU.HH 06-heKTOB BM<D - HMKl13T. 

O6ecne4eHHe o611.1,eH K0OPAHHaU.HH H (pHH3HCHpOBaHml pa6oT no YTHJIH3ao;HH AilJI H 

HK c 5I3Y B03JIO)Ketto Ha MHH3KOHOMHKH PoccHH. 

M11ttaTOM PoccHH JJ.0JJ)KCA o6ecrre4HTh: 

- ttay'IHO-TeXHH4CCK0e conpOBO)l(JJ.CHlle pa6oT no YTHJIH3aU,HH, o6paw.eH.HIO C O.5IT, 

pa.11.»oaKTHBHbJMH OTXOA3MH (PAO) H JJ.JIHTe.TlbH0MY xpattett11t0 OAHOOTCC4HhlX 6JToKoB pe­

aKT0pHhIX oTceKoB (PO); 

- C03JJ.aHHC H 3J<CnJTyaTaU,HIO nyHKTa JJ.OJTroBpeMCHHOro xpaHCHHSI (TI.lJ,X) OJJ,HOOT­

ce4Hb1X 6JIOKOB PO H 3axop0Hett1-1e PAO Ha csoax 06-heKTax; 

- BhlB03 11 nepepa6oTKy O.5IT; 

- noJJ,roTOBKY C0BMCCTH0 C M1rno6opOHbl H MHH3KOHOMl1KH TioCTaHOBJieHIDI npaBH-

TeJibCTBa P<D O nopSIJJ,KC nepeJJ,alJH 6eperoBhlX 06-heKTOB, CBSl33HH.hlX C BpeMeHHblM xpaue­

HHCM O.5IT H TPO, nJTasTex6a3, a TaK;>Ke yTHJtl13aU.H_H pauee ccpopMHpoBaHH.blX Tpex- H 

MttoroOTCe4HblX 6JIOKOB PO; 

- B3aHMOJJ,CHCTBHC C pOCCl1HCKHMH H HHOCTpaHHhlMH HHBeCTOpaMH JJ,JTSI npHBJie4eHIDI 

Btte6JOJJ,)l(eTHblX cpeACTB. 

M.1rno6op0Hb1 P<D 06ccne411saeT: 

- nepe.11.a4y AilJI 11 HK c 5I3Y roJTOBH0MY ucnoJIHJ1TeJTJO pa6oT; 

- con.ep)l(att11e pattee ccpopMHpoBaHliblX Tpex- H MHorooTce4-HhlX 6JIOKOB PO AO npH-

ttsinu1 peweHHSI o nepeJJ,a4e u.x Ha yTHJtHJau,n10; 

- 3KCnJiyaTau,J110 06-heKTOB, CBSIJaHHhlX c speMeHHhlM xpatteHHeM O.5IT H TPO 6e­

perosblx TeXHH4CCKHX 6a3 (6TB), JJ.0 nepeJJ,a4H 3THX 06-heKTOB MwaTOMY P<l>; 

- SIJJ.CPHYIO u pa,A11au.11ottHyt0 6eJonacttocTb AilJI 11 HK c .5I3Y, BhlBeJJ,eHHhlX H3 cocrasa 

BM<l>, AO 11x nepe.na4H Ha YTHJTH3au,1110 npeJJ,nplUITHSIM npoMhlWJTCHHOCT»; 

- :JKCnJTyaTau,1110 nJTasy4HX TeXHJ14ecKHX 6a3 (TITB) AO aaMeHhl 3KHna:,KeH ua rpa:,K-

11aHCKHH nepcouaJI. 

fPU,AC ocymecTBJTSieT: 

- BBOJJ. B 3KCnJiyaTaU,HIO IlJT0II{3AOK JJ,JISI speMCHHOI'O xpaHCHHSI KOHTeHHCpoB C O51.T 

H TPO; 
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- CTpOl-lTe.TlbCTBO H BBOA B 3KCn11yaTau,1110 nJIOUJ,a,11.0K BpeMeH.Horo xpaHeHHSI 0,11.HOOT­
cetffll>IX 6110K0B PO; 

- ap»eM ATIJI 11 HK c 5I3Y c OAHOBpeMeH.Hoi1 3aMeHoi1 3KHna)Kei,i Ha rpa)K.n.aHCKH.H 

aepcotta11; 
- Bhlrpy3KY O5IT 113 S1,11.epttbrx peaKTopos ATTJI H HK c 513Y, ero 3arpy3KY B KOH­

TeiiHephI ,11.BOHHOro Ha3Ha4eHllSI H BpeMeHHOe xpaHCHHe; 

- Bhlpe3KY, cpopMHpoBaIDfe H BpeMettttoe xpaHett11e OAHOOTCe4HhlX 6noKos PO; 

- c6op, speMeHHoe xpatteHne H oTnpasKy Ha ofu.eKTbI M11HaT0Ma P<l> TPO AJJst »x 

3axopotteHIDI; 
- c6op H nepepa6oTKY )KPO. 
ITocTaHOBJleIDleM [5] npaBHTeJrhCTBO yTBep,11.11no TToJIO)KeH»e o JllfU,eH3HposaHHH .n;e­

s1TeJibHOCTH no HCnOJJb30B3HHJO aTOMHOH 3HeprHH B o6opOHHb(X u,eJlSIX. 
Jluu,eH3HpoBaHHe ,11.eSITe.TlbHOCTH no HCflOJlh3OBaHHIO pa,D.HOaKTHBHbIX MaTepJiaJlOB npH 

npose,11.eHHH pa6oT no HCilOJih30B31fHIO aTOMH0H 3Heprm,: B o6opOHHhIX IJ,eJJStX, cornaCHO 
npHJro.:>Kett11t0 (scero 32 BH,11.a pa6oT), B03JJO)KeHo Ha Mirna TOM P<l>, a rocy,11.apCTBeHHhrH 
Ha,ll.30P 3a Sl,11.epHOH H pa.n.Hall,HOHHOH 6e3onacHOCTblO - Ha M1rno6opOHbl PoccIDt. 

IToJJO)Kemrn ::rrnx nocTaHoBnemrn o6o3Ha4HJIH opraH113au,t10HHh1e M0MeHThl pememrn 
npo6neMhl, HO He BHeCJlH SICROCTH B HOpM3THBHO-npaBOBYIO CTopoHy ee peaJI.H3311,H.H. C 
T0\IKH 3pettID1 si:,11.epH0H H pa.n.11au,1-10HH011 6e3onacttoCTH, yT1urn3au;1rn AITJI - 3TO BonpochI 
o6paw;emrn c O.sIT H PAO, BKJlJOt.JaSI AJJHTe.rihHOe xpattemrn (3axopottem1e) paAH0aKTHBHbtX 
0TX0,11.0B, KOT0pblMH B uenoM no crpaHe C T0I.JKH 3peHHSI peryJllfp0B3HHSl 3TOro npouecca 
3aHHMat0TCS1 rocaTOMHa,A3op P<l> 11 M11tt3,11.pas P<l>, 06na.n.a10UJ,11e 3Ha1rnTeJJbH011 HOpMaTHB­
HOH 6a3011. 

M11tto6opOHbl P<l> B JlHU,e H3,A30pHoro opraHa 3a omeKTaMH HCil0Jlh3083HIDI aTOMHOH 
3HepruH Boenttoro Ha3Hat.Jen11sr (Ynpasnem1e rocy.n.apcTBeH.Horo ua.n.3opa 3a 5I.D.epHOH 11 pa­
.n.uaa,HOHHOH 6e3onacttocTbt0 MO P<l>) TaK.:>Ke C4HTaeT ueo6xo.n.11MbIM co3,11.attue 3cpcpeKTHBHO 
.n.ei1CTsy10we11 3aKOHO,ll.aTeJlbHOH H HOpMaTHBHO-npaBOBOH 6a3bl, TaK KaK B npou.ecce npo­
se,11.eHHSI yTMH3aU.KJ1 ATTJI B03H.KKJJO MHoro HeperneHH.htx H npo6JieMHhIX sonpocos, Tpe-
6y10w,11x HOpMaTHBHO-npaB0B0ro peryn11posaHHSI 11 He3aMe,D.JIHTeJibHOI'O pemeHHSI. O,11.1rn 
H3 rJiaBHbIX, no ID{ MHeHHIO, sonpocoB - 0TCYTCTBHe ;:i:oKyMeHTOB cpe;:i:epaJihHOro YPOBIDI 
no ynLJrn3ao,»» ATTJI H B03JJ0)KeHHe Ha BM<l> ttccsoii:crseHHhIX ,11.JlSI Hero cpyHKo,HM no 
KOMnneKCHOH yrnnH3au,1-rn ATTJI H o6paw;ettHIO c O5IT H PAO (CM., B qacTH0CTH, [2] H 
(6 ]) . 

3TAilbl PA6OT no YTl1JU:13All,1Hf AilJI 

3Tarrhr pa6oT, cssl3aHHhle c YTHJlH3au,Hew ATIJI , y)Ke HMeJOT onpe,11.eJJeHHhIH npaKTH­
qecKHM 3a,11.en H onHcaHbl .nocTaTOt.J.HO flOJlHO. 3To OTHOCHTCSI KaK K BblflOJlHSleMbl.M cnoco6aM 
yTrum3aU,HH, TaK H K npe,11.JiaraeMbIM aJihTepHaTHBHblM no.nxo,naM H cnoco6aM YTHJlH33U,11H 
[ 1, 2 ]. OcHOBHble IlOJl0.:>KeHHSI YTHJlH3aU,HH 113JlO)KeHbl B CTaH.D.apTe [7 ], X0TSI npaKTHKa 
YTHJlH33U,HH y.:>Ke Tpe6yeT nepepa60TKH 3TOJ'O ,AOKyMeHTa. 

3TaTibl TeXHOJlOI'Ht.J.eCK0ro npou,ecca YTHJlH3aU,HH ATIJI, 0CH0BHble H33Ha4eHHble H cpaK­
TH4eCKHe HCflOJlHHTeJIH 11 H3]{30pHble opraHhl Ha HaCTOSl.lll,HH MOMeHT ape.n.cTaBJJeHhl B Ta6-
JlH1J,e. 

BM,ll.bl TIOTEHU,HAJlbHOM OIIACHOCTM 
HA PA3JIMtIHbIX 3T AilAX PABOT no YTMJIH3AIJJill 

TioTeHU,HaJlhHaSI onacHOCTb cn11caHHblX AITJI (KaK H JrJ06oro ,11.pyroro Mepttoro o6beKTa) 
CBO,11.HTCSI K BO3MO)KHOCTH Sl,11.epHOH asap1m C TO□JIHBOM H pa,11.11au,HOHHOH onaCHOCTH .D;JlSI 
nepcouana, Hace.neHHSI 11 0Kpy.:>Kat0meii cpe.nbl npH pa3JIJ14HblX onepau,11S1x, BKJIJ04a.sJ 3a­
xopottett11e pa,11.11oaKTHBHblX OTXO,11.0B. 
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HoMep 
n.n. 

3TaITbl )'THJIH3aUHH AilJI 

3Tanbl no,iroT0BKH K YTHJIH38U,Hl1 11 
Tex11onon-r•recKoro npo~ecca yrHJ111aau,1111 A[lJI 

.--------'l,knon HHTCJlb 

nOCTaHoBJ1eH11e 
HM30PHblH 

opraH N~ 518 cj>aKnt'leCKH __ _jL-- ---------------------'--------'- _ _.,_ _______ _ 
I 

2 

3 

BblB0Jl Al1JI H3 6oeuoro COCTaea BM<I> 

OTCTOH ATIJI, BblBe)leHHblX H3 6oeeoro COCT8Ba 
BM<I>, )l0 HX nepe)la'IH Ha YHIJIH38U,IHO. 
C0Aep)Katt11e paHee ccj>opM11ponaHHb1x Tpex- 11 

MH0r00TCe'IHblX 6JTOKOB c PO )l0 nepe)la'IH Ha 
YTHJJH38UHIO 

BM<I> 

Ilp11eM-nepe)latia AnJI OT BM<I> 11cnonH11TeJ110 rPUAC, BM<J> 
pa6oT C 38MCH0H 3KHna>Ka Ha rpa>K)l8HCKl1i'.'t 
nepC0HM 

4 Bb1rpy3Ka 11enonpe>KJlCHH0ro OSIT fPUAC 

5 

6 

7 

8 

9 

10 

Bbrrpy3Ka noepe>K)leHllblX BKTHBl-lblX 301-1 

IlpeMeHHoe xpa1-1em1e 11 TpaHcnopT11poeam1e 1-1eno­
npe>KAeHHoro OSIT (MopeM) 

BpeMe1-11-1oe xpaHe1-111e 11 rpa11cnopn1poua1-111e noe­
pe>K.11e1-11-1oro O.51.T 

BbrpeaKa, cJ>opM11poea1-111e 6noKon PO (no paJJ111'l­
HbtM uapHaHTBM) 

TpaHcnopT11poea1-111e PO (rpexorcetiH0ro 6noKa) 
K Mecry epeMeHH0ro xpa1-1e1-111si 

BpeMe1-11-1oe xpaHem1e PO u nyHKTe upeMeHH0ro 
xpaHem1si 

rPUAC 

fPUAC 

fPUAC 

fPUAC 

fPUAC 

rPUAC 

BM<I> 

BM<I> 

fPUAC, 
BM<I> 

(noKa 6ea 
3aMeHhl 

3K11na>Ka) 

BM<I> 
(HH0l"JIB C 

PTJl «ATOM­
Q>JIOT») 

rPUAC, 
BM<I> 

BM<I> 

He 
ycra1-10BJ1eH 

rPUAC 

BM<I> 

fPUAC 

I J Co3.11a1-111e 11 3KCnJIYarnu~rn n,ux PO 11 JV)11renb11oe M11HaroM P<I> He 
xpa1-1e1rne PO ycraH0BJJeH 

J2 O6pa1Ue1-111e c PAO npH yr11J1H3au,1111 A[lJI rPUAC rPUAC/BM<I> 

13 3KOJTOrH'leCKaSI OOCTRHOBKa B Mecrax ynurHJaU,1111 
11 xpaHelfHSI AnJI 

He 
ycraHoBJJeH 

YrH SIP6 MO P<I> 

YTH .51.P6 MO P<I> 

YrH .sIP6 MO P<I> 

YrH SIP6 MO P<I> 

YrH Sl.P6 MO P<I>, 
fAH P<I> 

YrH .sJP6 MO P<I> 

He YCTaH0BJleH 

rAH P<I> 

YTH SIP6 MO P<I>, 
fAH P<I> 

YrH SIP6 MO P<I> 

rAH P<I> 

fAH P<I>, 
YrH SIP6 MO 

He yCTaH0BJleH 

PacCMOTpHM K0p0TK0 cneu.11ctJH'leCKlle M0MCHTbJ DOTeHa,HaJlbH0H onaCHOCTH Ha Ka~0M 
:nane. 

3Tan 1. B1>rne,AeHHbJe H3 6oeaoro cocraaa BM<I> AIUI pa3MCllJ,CHhl B nymcTax BpeMeH­

Horo xpaHemrn Ha nnaay. J,fa 6oJibmHHCTBa :nmc AITJI He BbJrpy)KeHhl aKTHBHhle 30Hhl 

(A3), Tpe6yCTCSI D0Mep)KaHHe SIACPHOH 6e3ooacuoCTH H B Te'ICHHe orpaHHl{eHHoro BpeMeHH 

(o6bl'IHO He npeBb1Wa10w,ero ro,Aa) - 0TB0A OCTaT0l{H0ro Ten.na. ,Ll,OJI)KHhl 6b1Tb peweHhl 

3aA34H o6ecne4CHHSI KX B3pblBODO)Kapo6e3onacuocTH, HeD0T0il./lSleMOCT.H, a TaK)Ke Q)H3H-
4eCK0H 3alU,HThl O5IT. 

:::hao 2. llmneJI&Hoe 0)KH,Aatt»e AITJI yn1.1rn3au,11u B 0TCToe Tpe6yCT Bhlil0JIHCHHSI A0-

D0JIHHTeJlhHblX MeponpHSITHH DO ooecnelJeHHJO 6e30llaCHOI'O xpaHCHHSI Ha DJiaBy H OOeC­

nelleHIDI HX HenoT0llJlSl.eM0CTH, oco6eHHO ,AJHI ATIJI rrepeoro D0K0JieHH.sI. 

TpaucnopTHpoeau11e TaKHX AITJI ua ope,AnpHSITHSJ opoMhlWJieHHOCTH 6e3 HCD0Jib30-
BaHHsr n.naeygmc A0K0B He6e3onacuo [2 ]. 

3Tan 3. Ilepe,Aalla ATIJI OT BM<I> HCil0JIHHTeJIIO ocyw,eCTBJlSICTCSI JJOCJIC Bhlll0JIHeHIDl 

CHJiaMH BM<I>, C0rJJaCH0 CTaUAap-ry [7 ], CJie,AytOW,-HX MeponpHSITHH: 

- n0JIH0ro pacxoJia)KHBaHHSI 513Y; 
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- Bblrpy3KH A3 peaKTOPOB H cop6CHTOB 113 Q)11JlbTpOB aKTHBHOCTH, B3pb!BOfl0)Kapo­

oaaCHJ>IX 11 roprott11x MaTcp11a11os; 

- crpaBJJHBaHHSI ra3a 113 6aJJJIOHOB CHCTCMbl ra30B BblCOKOro JiaBJJeHIHI 11 B03Jiyxa 113 

6aJJJJOHOB BaKyyM11posaH1rn; 

- 04HCTKH TOITJlHBHblX H MaCJlJ!HblX U,HCTCPH 11 Tpy6onposo.n.os; 

- paJIHOMeTp114CCKOro 06CJ1e11osaH11st, Jie3aKTJ1Bau,1111 3arpSl3HCHHblX pa1111oaKTl1BHblMl1 

seUJ,CCTBaMl1 (PB) IlOMCUJ,CHJ111 11 06opy11osatt11S1. 

3Tan 4. Bbtrpy3Ka ttcnospc>K.D.eHHoro O5IT. HaH6onee .aoTCHU.HaJJbHO onaCHaSI onepa­

u11S1, KOTOpi.151, COrJJaCHO [7], .ll.OJl)KHa BbtnOJIHSIThCSI c11,,aMl1 BM<D m160 C npHBJIC4CH11CM 

npe,nnpru1nu1 no no.D.n11catt11.S1 aKTa o ncpe.D.alle AnJI Ha ynun13au.mo. 

Jlo nocTaHosJJeH1110 apaBHTCJJbCTBa Ng 5 l8, :JTy onepau,1110 .D.0JJ>KeH ocyw.ecTsJJstTb 

f PUAC, HO .ll.0 HaCTOSllUCro speMeHH HC fOTOB ee Bbtn0JIHS1Tb. 

3Tan 5. 8blrpy3Ka noBpC>K.D.CHHblX aKTHBHblX 30H Tpe6yeT pa3pa60TKl1 cneu,11aJ1bHbIX 

npoeKTOB 11 TCXHOJ10rHl1, n03TOMY c1111aM11 BM<D He BbtnOJTHSfJlaCb. 3To MO)KCT 6b!Tb □OJI 
c11ny cneu11aJ111311posaHHOMY npeAnp11stTH10 r PUAC np11 BhllOJ1Hett1111 cneu11anhHb1x Mep 

6e3onaCHOCTl1 (CM., Hanp11Mcp, [8 ]). 
3Tan 6. BpeMCHHOe xpaHeH11e 11 TpaHcnopT11posaH11e O5IT H3 Henospe>KJICHHblX A3 

s HaCTOS11Uee speMSI pcwacTCSI c11J1aM11 BM<D. O5IT Bbtrpy>KaeTCSl 113 peaKTopos 5I3Y AnJJ 

11 xpatt11TCS1 Ha nTB c noCJ1c11y10me11 ornpasK011 Ha no <<Ma.SIK>> a KOHTe11ttepax TYK-J 8. 
3Tan 7. BpeMettttoe xpaHCHHe 11 TpaHcnopn1posaH11c nospe>K.n,eHHoro O5IT, HC no.n­

J1e,1<amero nepepa6oTKe Ha no «Ma.SIK>>, - sonpoc, Tpe6y10w.1111 cneu.11aJJbttoro pewctt11S1. 

3rnn 8. Bb1pe3Ka 11 ¢opM11posatt11e 6110K0B PO. B1,1no11tt.sieTcst noCJ1c Bbirpy3KH A3 H 

np11se.D.eH11S1 51.3Y B 6c3onaCHOe COCTOSIHHe no pa3Jll14Hb1M sap11aHTaM: pa3MCUJ.CHHC O,lJ,HO­

OTCCl.lllblX 6J10Kos PO Ha cneu,11aJ1hHO no,lJ,roTos11eHHbtX nnoma.n,Kax (noKa HC pea11113ycM1>111 

sap113HT)' Tpex- 11 MHOfOOTCCl!HblX 6110KOB PO Ha nJiasy. B JI3JJbHe11UieM pattee Cq>OpM11-

posaHHble Tpex- H MHOfOOTCCl!Hble 6JJOKH PO nOAJJC>KaT )laJ1bHe11weii yntJJl133Il,HH. OCHOB­

H3Sl npo611cMa - pa6oTa ncpcotta11a c 3arpS13HeHHhtM 06opy.n.osam1eM. 

3Ta□ bt 9 11 10. TpaHcnopT11posatt11c 6JJOKOB PO K MecTy spcMeHHoro xpaHctt11S1 H spc­

MCHHOe xpatteHHe npOl13B0A11TCSI B aKBaTOp11SIX, KOTOpble 06CJ1y>K11Ba10TCSI CJ,iJlaMH BM<D. 

TpattcnopT11posatt11e 6noKos c peaKTOpHhtMH 0TceKaM11 ocyw.ecTBJ1.S1eTCS1 BM<D. 6J10K11 c 

PO B HaCTostw.ee BpCMSl xpaHSITCSl Ha n11asy' 06ccnC4CH_HC 11)( 6e3onaCHOCTl1 ocyw.ecTBJJSICTCSI 

c1111aM11 BM<D. 

3Tan I l. Co3JWH11e H :>KCn11yaTau,11st nnx PO 11 AOJlfOBpeMeHHOe xpaHCHHC 6JJOKOB 

PO B03JJO>KCHbl Ha M11HaToM, H Ha ceronH.siwH1111 ~CHb 3Ta npo6neMa He pcwcHa. OcHosHast 

3a)J.atta - coxpaHHOCTb PO B TC4eH11e .ll.JlHTCJlbHOro spcMeHH H B03MO>KHOe 3arpSI3HCHl1e 

MCCTHOCTl1 . 

3Tan 12. O6pamett11e c PAO np11 yT1111113au,1111 no11>KH0 ocymecrsJIS1ThCS1 rPU,AC c 

nepe)J.attdi PAO Ha nom1rotthl M11HaT0Ma Pocc1111, lITO a HaCTOSIIJ.1,ee spcMSI BhinOJlHSICTCst 

cosMeCTHO c BM<D Pocc1rn. 

3Tan 13. 3KOJIOfHllCCKaSI o6CTaHOBKa B MeCTax YTl1JIH3aU.HH 11 xpaHeHHSI pa.n,11oaKTHB­

HblX OTXOJ:108 OT AnJI CBSI3aHa C o6UJ,CH npo611eMOl1 xpaHeHH5l 11 3axopoHeH_HS1 pa.rn1oaK­

THBHblX OTXOAOB OT scero SIACPHOro KOMTTJICKca CTpaHbl , HO HMeeT CBOH cneu,Hq>Hl!CCKHe 

oco6eHHOCTl1, 06yCJ10BJ1eHHbte B03MO>KHOCTblO pa.z:111oaKTHBHOfO 3arp.S13HCHJUI MOpCKHX aK­

BaTop1111. 

OcHOBHble TeXHHllCCKHC npo6JICMbl Ha yKa3aHHblX 3Tanax CBOASITCSI K CJICJIYJOIJ.1,HM 3a­

nattaM: 

1) y.n,ep>KaHHe Ha nJiaBy cn11caHHOH ATTJI I ee ttaCTCl1 npH pa3AeJIKe Ha OTCCKH (6JlOKH) 

u TpaHcnopnIposaH11e K MCCTy xpaHeH11S1/3axopoHeH11st; 

2) o6ecnelleHHe S1J1epHOl1 6c3onaCHOCTl1 BO speMSI OTCTOSI AilJJ, Bblrpy3KH O51.T' OT­

pa6oTaswcro sinepHoro TOnJ111sa, He non11c>Kar.u.cro ncpepa6oTKC, BKJilOl.last nospe>t<JICHHoe 

5lJ1CpHoe Tonm-i:so; 

3) o6ecnel.lCHHC paJIHaU,110HHOl1 6c3onaCHOCTl1 np11 oceo6o>KACHl1H AilJI OT HaKOilHB­

lllltXCSI BO speMSI 3KCnnyaTaU,Hl1 pan11oaKTl18HbJX OTXOJIOB; 
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4) paAl1au,110HHaS1 6e3om.1cHocTh nepcoHaJ1a npH pa3AeJ1Ke ATTJI ua 0Tceu1; 

5) xpaHemIe H TpaHCn0pT11p0BaHHe Bblrpy)KeHH0ro O51T; 

6) o6paW.CHHe C paAH0aKTHBHhlMH 0TX0AaMH noCJle pa3ACJ1KH AIIJI; 

7) npeA0TBpaw.CHl1C 3arp513HemnI M0pCKHX aKBaTOpHH H 0KeaHOB paAH03KTHBHblMH 

0TX0AaMH. 

BM.ll.hl HOPMATl1BHO-TEXHMlIECKOit JI.OKYMEHTAIJ.lUi 

vfaseCTHbl BblCK33bIB3HHSI 06 0TCYTCTBHH HOpMaTHBHO-TeXHH4eCKOH A0KyMeHT3U,HH 

AJlSI peaJIH33U.HH npou,ecca YTHJ1H3aU,JUI AnJI. ITpeACTaBJl.SleTCSI u.enecoo6pa3HblM o6cyJI.HTh, 

KaKaSI HOpMaTHBH3SI .!l0KyMeHT3Ll,11SI Tpe6yeTCSI Jl,JISI peryJ1HposaHHSI BblUieH3JI0.)[(eHHblX no­

TeHU,H3JlbH0 onaCHblX B11.ll0B .n.estTeJlhH0CTH. 

OnpeAeJ1eHHbtC :)Tanht .n.aHHOH npo6neMhl no.n.na.n.yT no.n. .n.e11cTs11e <I>e.n.epaJI.buoro 3a­

K0Ha <<06 HCn0Jlb30B3HHl1 aTOMH0H 3HCpI'HH». 

naHHblH 33KOH ACKJ1ap11pyeT yCTaH0BJICHHe Q)C.ll,epaJibHhlX R0pM 11 npaBHJl Il0 6eJonaC­

H0MY .11Cn0Jlb30BaH11K> aTOMHOH 3HeprHH, Bhin0JIHCHHC KOTOphlX o65133TeJihHO npu ocyw.e­

CTBJlCHHH J1K>6oro BH.lla JleSITCJlbH0CTH B o6JiaCTH .11Cn0Jlb3083HIHI aTOMHOH sueprHH. 

I1epe4CHb yKaJaHHblX cpe.n.epaJJbHhlX H0pM H npaBHJI, a TaK)KC H3MCHCHHSI B yKa3aHHhlH 

nepc4eHb H A0il0J1HeH11.S1 K ueMy yTBep)KJlaK>TC51 npasHTCJlbCTB0M PoccaucKOH <l>e,D.epau,uH, 

nop51A0K pa3pa60TKH H YTBCP)KAeHHSI 3THX npaBHJl H H0pM TaK)KC YTBCp)K,!l,aeTCSI npasu­

TeJlhCTB0M. 

B HaCT0SlUJ.CC BPCM51 rocaTOMH3A30p P<I> C0BMeCTH0 C MHH3Jl.P3BOM P<I>, focroJ)TeX­

HaA30p0M Pct> 11 MBn Pct> (no)KapHaS1 6e3onacHoCTb) pa3pa60TaJI H yTBep,D.HJI nepsoo4e­

peAH0H nepC4CHb Q)CACP3JJhHblX npaBHJl, COCT38Jl51K>lll,HX HCCK0JlbK0 Jl,CCSITKOB AOKYMCHTOB. 

no.nroTOBJieH nepellCHh cpeAepaJibHblX .n.oKyMeHT0B ,D.JISI noCJ1e.ny10w.eu pa3pa60TKR. ITpSIMOe 

0TH0UlCHHC K npo6neMC HMelOT CJle,D.ylOW.HC .n.eHCTBYJOUJ.HC <t>e.n.epaJJhHhle 33K0Hhl: 

- <<06 HCil0Jib30B3HHH aTOMHOH 3Heprmt»; 

- «O paA11au.110HHOH 6c3onacttocru ttaceneHHSI»; 

- <<06 oxpattc 0Kpy)Ka10meH np11pOJJ.HOH cpeAbl>>; 

- <<0 3aw.11Te Hace;1ett11S1 11 TeppHTOPHH OT '-1pe3Bbl'.JaHHhlX CHTyau,HH npHpoJI.uoro u 

TCXH0reHH0ro xapaKTepa>>; 

- <<06 3K0JI0rH4CCK0H 3KCnepTH3e»; 

- <<0 caHHTaptto-::>nH.llCMH0J10f.114eCK0M 6naronOJIY4HH HaCCJleHH.SI>>. 

<l>eJI.epaJJhHblC 33K0Hhl, paCCMaTpRBaeMble B rocyJI.apCTBeHHOH nyMe PoccH.ii:CKOH <I>e-

JI.epau,HH: 

- <<06 o6pameHHH C pa.n11oaKTHBHhlMH 0TXOA3MH>>; 

- <<06 YTHJI.1133U.HH B0CHHblX OObCKTOB>>; 

- <<0 rpa)KJl.aHCKo-npaaosoii OTBCTCTBeHHOCTH 3KcnnyaTHPYIOlllHX opraHH3au,au 3a 

npH4HHCHHe SIACPHOro speAa H ee Q)HHaHCOBOM o6ecne4CHHH»; 

- «Ilo cTpaxosaHHIO nepcotta.na>>. 

3aKOHhl, Q)CAepaJlbHble H0pMbI u npaaHJJa - TOJlhK0 sepXH.SISI '-laCTb HOpMaTHBHO-npa­

B08011 6a3bl peryn11posaHHS1 6e3onacuoro ncnoJih30BaHH51 aTOMHOH stteprnu. B HepapxH-

1.JeCKOH CHCTeMe HOpMaTHBHbl.X Jl,0KYMCHT0B rocaTOMHaJI.30pa Pct> DOA cpeJI.epaJibHblMH H0p­

M3MH H npaBHJJ3MH, KpoMe TaK H33bIBaeMblX PYK0B0A5ll..U.HX A0KyMeHTOB, onpeJI.eJlSIJOW.HX 

npou.CAYPY B3aHMOACHCTBH.SI c 3aSIBHTeneM 11 o6JiaAaTeJICM ;rnu,eH3HH Ha TOT HJJH HHOH BHJI. 

AeSITCJlbHOCTH, cyw.ecTByeT yTBep)K,!l,eHHaSI. rocaTOMH3Jl.30pOM Pct> o6mHpHaSI cepm1 PYKO­

BOACTB no 6e3onaCHOCTl1 no pa3JIK4HhlM HanpasJieHHSIM. 3aAa1ta 3THX PYKOBOACTB - no­

Ka3aTb BH,D.CHHe B03M0)KH0ro pemeHHSI TeXHHlleCKHX 33A34, He HCKJlJOl{3SI npu 3TOM B03-

MO)KH0CTh APYfHX peUICHHH, eCJlH 0HH 6yJI.yT npH3HaHhl npasoMepHbIMH. 

KpoMe Toro, s3a11MoAeHcTsy.s1 c M11ttaTOMOM Pct> no paJJIHllHhlM s~aM SIACpHhlX 

yCTaH0B0K, npeAnpHSITHH Sl.ll,CpHoro TOilJIHBH0ro U.HKJla, pa.n.11oaKTHBHbl.X HCT04HHKOB, DO 

o6paw.eHHIO C paAH03KTHBHblMH OTX0,D.aMH H T.n., rocaTOMHa,D.30p Pct> HCD0Jlh3yeT 8 CB0CH 
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perym1pyt0wei-t .!l,estTeJJhHOCT11 oTpaCJJCBbIC ,noKyMCHTbI M»HaToMa P<l>. AttaJ10rH4Hasi cJ1-

Tyau1151 C ee,noMCTBCHHblMH AOKYMCHTaMH MHH3,npasa P<l>, 06CJJy)KJ1Ba10UJ,Cro caHHTapHO­

rHnteHl14eCKl1e acncKTbl M11HaT0Ma P<l>. Tpe6yeTcsi Ka4eCTBeHH0 ttaJJaJV1Tb e3a11MOACHCT­

eMC yKa3aHHblX Be.!l,0MCTB C M11Ho6opOHbl Pct> 11 Poccy.!l,OCTpOCHHeM, 4TO oco6eHHO B3)KH0 

.zvrn peweH.11Sl paCCM3TpHB3eMOH npo6JJeMbl. KoMnJJCKC Be.!l,OMCTBeHHhlX HOpMaTHBHO-npa­

BOBblX H HOpMaTHBHO-TCXHH4eCKHX AOKyMeHTOB Poccy.AOCTpoeHHSI no npo6JJeMe Y)KC B 3Ha-

411.TeJlhHOH 43CTl1 pa3pa6oTaH [9]. 

Ilo3TOMY HeT octtoeaHHH roJJOCJJOBHO yTsep)K,naTh, 4TO ttopMaTHBHo-npaeoaasi 6a3a 

yn1mt3au,1111 AITJI e octtoaHoM OTCYTCTsyeT. Heo6xo.n11Mo pa306paThCS1 B B03MO)KHOCT11 11c­

nOJJh30BaH1u1 y)Ke 11MCIOUl,HXCSI AOKyMeHTOB, He3aBHCHMO OT Be.!l,OMCTBeHHOH OTBeTCTBCH­

HOCTH 3a npoee.!l,eHHe ,naHHOro ::>Tana pa6oT 11 npHH3AJJC)KH0CTH nO.!l,XO.D,filll,ero .AJ151 pcryJJH­

poeaHHSI 3TOro BH.!l,3 ,neSITCJJbHOCTH .AOKyMeHTOB. 

B 4aCTHOCTH, HTU 5IP.6 focaTOMHa.o,3opa Pct> pa3pa60TaJJ AJJSI OAO <<MMil>> CDHil 

«O6UJ,He npaBJ1Jla o6ecnC4CHHSI 6c3onaCHOCTH 513Y CYAOB>> (Hil-022-2000), «Tpe6osaHHSI 

K OT4eTy no o6oCHOB3HHIO 6e3onaCHOCTH 513Y cy,nOB>> (Hil-023-2000), <<IlpaBHJJa 51,nepHOH 

6e3onacHOCTJ1 CYJJ.OB C 513Y>> (H n-029-0 l), pa3pa6oTaHa OKOH4aTeJibH3Sl pe,AaKU,HSI npOCKTa 

<I>Hil «Ilpas11na 06ecne11eH1rn 6e3onacttocrn np11 Bb1sone 113 JKcnJiyaTau,1111 513Y cy.noB>>, 

pa3pa60TaHO PYKOBO.ACTBO no 6e3onaCHOCTH «O6ccnC4CHHe 6e3onaCHOCTJ1 np11 o6paUJ,CHIHI 

c PAO cy,nos 11 HHhIX TIJiascpe.o,cTB c St,nepHhtMH peaKTopaMH H pa,A11au110HHhIM11 11CTOl1HH­

KaM11» (P.6-010-2000) 11 T.n. 

B onpen.eJieHHOH CTeneHH :)TH D.OKyMeHTbl MoryT 6h1Tb 11cnOJ1b30BaHbl npH YTHJIH3au,mt 

ATIJI, Bb1so.o,e H3 :>Kcnnyarnu,1111 513Y AITJI noCJJc nepe.o,a4H 11x npOMbIWJlCHHOCTH 11 JaMcHe 

::1K11na)Ka tta rpa)K.!l,aHcK11H ncpcoHaJJ. 

B paMKax JJ.3HHOH pa60Thl HC npe,nCT3BJ1SICTCSI B03M0)KHblM nepe4HCJIHTb BCC ,ll,OKYMCH­

Tbl, KOTOpble MO)KHO 11CnOJlh30B3Tb ,!lJJSI pewCHHSI :)TOH npo6JieMhl. 

,UJJSI pcwcHHSI. n po6J1CMhl 06parn,ett11si c PAO, BKJJ I04aSt 11x 3axopottett11e, focaTOMHa.o,3op 

Pct> COBMCCTHO c M11HaTOMOM Pct> 11 MHH3.o,pasoM Pct> pa3pa6aThmaeT Kouu,enu,HIO HOpMa­

THBHhlx D,OKyMeHTOB 11 y)Ke 11MeeTCSI 6oJICC )lCCSITH C00TBCTCTBylOill,HX H0pM3THBHI,IX JJ,O­

KyMeHTOB. 

B .D,3HHOH pa6oTC pacCM.lTPHB3CTCSI HOpMaTl'1BH3Sl .llOKyMeHTaU,1151, no KOTOpOH pery­

JIHPYIOUJ,HH opraH KOHTpoJJ11pyeT peweHHC Heo6xo.nHMhIX TexHH4eCKHX 3a.!l,a4 . Pa3pa6oTKa 

npoeKTHO-KOHCTPYKTOpCKOH AOKyMeHTau,1111, KOTOpylO HHOr.D,a H33blB3IOT HOpMaTHBHO-TCX­

HH4eCKOH [6 ], K3C3IOlll,eHCSI npOCKTHO-KOHCTpyKTOpCKOH, TeXHOJJOfHlfeCKOH H opraHH3a­

U,HOHHOH ACSITeJlbH0CTH npe.o,npHSITHSt no KOHKpCTHOH 3aJl,a4e, XOTSI He 6e3pa3JIHllHa opraHy 

peryJIHPOB3HHSI, HO K aonpocaM .D,aHHOH pa60Tbl 0THOWeHHSI He HMeCT. 3TO 3a.D,atta npo­

MblWJieHH0CTH, H 6e3 ec pcwemrn eoo6UJ,C HC M0)KCT Ha4HH3TbCSI JII06oe .D,eJIO. 

MHH3Jl.pas P<l> HMCCT .D,eCSI.Tl,fJ]enrnMM HaKOnJlCHHblH OnblT pa60Thl C pa.D,H0aKTHBHOCTblO 

B pa3JIHlfHblX o6JiaCTSIX J,f C pa3JIH4Hb1MH BH.D,aMH pa6oT J,f MaTepmUIOB, IlO:JTOMY HC TIOHSITHO 

HaJIHlfHe npHHU,HnHaJlbHblX TPYJl.HOCTeH B HOpMHpOB~Hl1H pa6oT no Ha.D,Jie)Kalll,C.H 38UJ,HTC 

aepcoHaJia OT pa,ll,H0aKTHBHOro 3arpS13HCHHSI. BepOSITHO, eCTb HeonpeJl,e.n:eHH0CTb B 3arpS13-

HeHHH pa.D,H03KTHBHblMl1 BCLUCCTB3MH MOpCKHX aKB3TOPliH }I npu6peX<HblX TeppHTOpH11. 

PaMKH pa60Tbl ue Il03B0JISIIOT ncpe4HCJIHTb see B03M0)KHblC K HC00Jib30BaHHIO Jl.OKyMeHTbl, 

HO OCHOBHble HMelOTCSI a [ I 0, 11 ]. 
B HaCTOSIUJ,ee speMsr B Pocc1,rn cyUJ,eCTBYIOT .o,sa HC CBS13aHHhlX Me)Key co6011 Ha.D,30pHb1X 

opraHa 3a SIJJ.epuoi1 " pa,nHau,HOHHOH 6e3onacttocTblO: YnpaaneH11e rocy.o,apcTsettttoro ttan-

3opa 3a 5IP6 MHHo6opoHht (om,eKThl HCOOJib30BaH11S1 aTOMHOH ::itteprHH soeHHoro ua3Ha-

11ettJ1S1) H rocaTOMHa.D,30p PoCCHH (om,cKThl rpa)KnaHCKOI'O Ha3H3lfeHHSJ). 

TaK KaK CDeJJ.epaJ1hHhlH JaKoH <<06 11cno,1h3oaatt11H aTOMHOH 3HeprHH>> Ha cero.o,HSIWHHH 

,ll,eHb He pacnpocTpaHSieTCSI Ha om,CKTbt BOeHHOro Ha3H3lfeHHSI, C0OTBeTCTBeHHO HeT H <DHIT 
H P.6 ( l-11 11 2-i-1 ypoeetth AOKYMCHTOB) no 3Toi-1 npo6JieMe. 

YnpasneHHe 51.P.6 MHH06opottbl PCD pyKoeoncTByeTCSI aoeHHhlMH .o,oKy.MettTaMn (py­

Koeo.o,craaM11) H HOpM3THBHO-TCXHl14CCKOH AOKYMCHT3U,HeH (3-11 ypoeeHb). 
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Bo3MO)KHO, Ha :nane 3KCnJiyaTaU.IUlf AITJI :noro tJ.OCTaT04HO. OAHaKo nOCJie nepe,AatJH 

ATIJJ npe,1J.cTas11TeJJS1M npoMb1wneHHOCTH, peaJIH3YIOlllHM npoeKT YTHJ1113au,11H AIIJI (s TOM 

lil1CJJe BbIBOA 113 :>KcnnyaTau,1111 5I3Y c OAHOspeMeHHOH 3aMCHOH :>KHna)Ka ua rpa)KtJ.aHeKHH) 

HC06XO,Al1MO PYKOBO.llCTBOBaTbCSI .noKyMeHTaMH ¢e,AepaJJbHOro ypOBHSI. 

B03MO)KHOE 06ECI1ElfEHI1E 3A)],A q YTMJU13All,1111 AIIJI 
HOPMATl1BHhIMH )],0KYMEHTAMI1 PA3JllflffihIX BE)],OMCTB 

PaceMOTpHM KpaTKO ,AeikTBYIOIJ.l,He HOpMaTHBHble JlOKYMCHTbl pa3JllllfH.blX Be,AOMCTB, 

KOTOpb!e B03MO)KH0 HCnOJib30BaTb y)Ke CeH43C, a no KaKHM Tpe6yeTCSI ,AODOJIHHTeJJ.bHaSI 

npopa6oTKa. 

3a.na4a l (YACP)K3HHC o6'beKTa Ha IlJlaBy) . 3TOT sonpoc SHe KOMneTeHU,HH pa3pa6oT-

4.HKOB HOpMaT1-1BHO-npasoso11 6a3bl s o6JJaCTH Sl,AepHOH H paAHaU,HOHHOH 6e3onaeHOCTH. 

3a,Aa4a 2. Co3.natt11e aTOMHOro 00,ABO,AHOfO !pJIOTa Ha4HH3JIOeb C peweHHSI 3TU.X 800-

pocos, Il03TOMY HeT S03MO)KHOeTH nepe4HCJJ11Tb see HMCIOIJ.l,11eeSI AOKyMeHTbl B MHHaTOMe 

P<l>, M11uo6opotte P<l> H rocaTOMHa,A30pe P<l>. l1MCBWl1e MCCTO aeap1111 npH Bhlrpy3Ke Sl,Aep­

HOro TonJiusa 113 ADJI cKopee cne,AyeT 0Tttecr11 K tte,AocTaT04HOH Keanu¢11Kau,uu nepcoHana, 

4eM K OTCYTCTSHIO HOpMaTHBHOH 6a3bJ. OTMeTHM, lfTO K 3TOH npo6JieMe 0THOeHTeSI H 3KC­

nJiyaTaU,HSI rpa)K.naHCKHX aTOMHblX cy,AOS. rocaTOMHa,A30P HMeeT 3Ha4HTeJJ.bHblH OilhlT op­

raHH33U,11H Ha,A30pa, B TOM 4HCJJe H npH 4pe3BbI4aHHblX C11Tyau,11.S1X. 

3a,Aa4a 3. TiepeoHaJ1 MHOf04HCJJeHRblX 51,AepHblX o6'beKTOB, BKJI.I04aSI aT0MHble CTaHU,KH, 

HMeCT 3Ha4HTeJlbHblH OilblT no 06paU1,eHHIO e pa,AHOaKTHBl:lblMl1 OTX0,A3MH npu HOpMaJJbHOH 

3KeI1JJyaTaU,HH H npH asapHHHbTX BblXO,ll.3X. Tio3TOMy nporpaMMa pa3pa60TKH CHCTeMbl uop­

MaTHBHblX .noKyMeHTOB no PAO eM0)KeT 3aKphITh npaKTH4eCKH see aonpocbl 11 AAA AilJI. 

3at1.a4a 4. PaA.11au,1101:1HaS1 6e3onacuocTh nepcouaJJa, o6CJJy)KHBaiow.ero Sl,Aepuble ycra­

HOBK11., TaK)KC HC SIBJJSICTCSI H0BOH npo6neMOH. HanOMHHM 0 peryJJSlpHO npoBOASIIJ.l,HXCSI Ha 

Ka)KJloM 6noKe AC nnattoao-npe,Aynpe,AHTeJJ.bH.hlX pa6oTax (TTITP), e KOT0pblx nepcouany 

npuxo.u11Tcsi o6cne.nosaTh 11 peM0HTHpoaaTb 3arpsi3ueuuoc 06opy,Aoeau11e 11 HaJJa)KeHa u,ena.si 

CHCTeMa KOHTPOJJSI 3a Henepeo6JiyllaeMOCTblO nepcouana, TCM 6onee s YCJJOBHSIX CHH)KeH.KSI 

AODYCTHMblX A030BblX Harpy30K Ha aepeoHaJI C 5 AO 3 c3s. 

3at1.a4a 5. ITpo6neMa xpauemrn u Tpaucnoprnposau11S1 O5IT c AITJI Mano OTJIH4aeTCSI 

OT Ta KOH )Ke npo6neMbt Ha AC, 11 no::>TOMY tte paccMaTp11aa10TCS1 uopMaTHBHhle AOKyMeHTbl 

no xpaH11JU11J.1,aM H TpaucnopTHblM KOHTeHttepaM AJISI nepcB03KH. 

3a,Aa4a 6. O6palll,eHHIO C paJJ;HOaKTHBHblMH 0TXOJJ;aMH JII06oro 811,ll.a noeSS11lleHa oco6aS1 

nporpaMMa. B03M0)KHO, eeTb CDCU,H!p114CCKHe oeo6eHHOCTH H3-3a 60JibWHX pa3Mepos 6JJOKOS 

PO 11 11x xpaHetti-rn ua nm1By, 4TO Tpe6yeT ;.:t:onoJJHHTCJibHbtX npopa6oToK. 

3a.natrn 7. Dpe.noTBpaI1..1,ettue 3arpsi3ueu11S1 MopcKHx aKsaTop11it 11 6JJH3JJe)Kau.uu Tep­

p11Top11H - cephe3ttaS1 3a,ll.a4a u, npe)K,Ae aeero, e Me)K;.:t:yHapoJJ;HOM nnaue, xoTsi PSIA ony6-

JIHKosaHHblX .llOKJJaA0B [ l, 2] 0 3aTOHYBWHX AIIJI H HaMCpCHHO 3aTOUJieHHblX aKTHBHblX 

30Hax BbICKa3hlBalOT OilTHMH3M. Heo6XOJJ;HMO YllHTbIBaTb, "4TO K 3TOMY aonpocy o6pam.euo 

npHCTaJJbH0e SHHMaHHC 6JJH3JJe)KaUJ.HX rocy,Aapcrs H uaurnx ,ll0Ka3aTeJJhCTB H e,AHHOJJH4HblX 

BOJJeBbI.X pcweHHH HC A0CTaT04A0. 

3AKJIIQq£HME 

1. ITpose;.:t:eH aHaIDl3 B03M0)KH0CTH HCil0Jib3083HHSI H0pMaTHBH0-npaBOBOH ,llOKyMeH­

T3U,HJ1 pa3JIH4HblX o6JTaCTeH HCil0Jib30BaKIDI aTOMHOH 3HeprnH np11 YTHJIH3a[(HH enHeaHHhlX 

AOJI . TioKa3atto, 4To iv1.si peryJI11poaau11S1 npou,ecea YTHJIH3au,.HH AITJI s 3HattHTeJJbHOH 

eTCnCHH M0)KeT 6bITb uenoJJh30SaHa HOpMaTHBHaSI JJ;OKYMCHTaU,HSI H3 .n.pyrnx o6nacreit HC­

nOJJb30BaHHSI aT0MHOH 3Heprnu- sue 3aSHCHMOCTl1 OT Be.nOMCTBCHH0H npeuaJJ;Jie::itCHOCTH. 
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2. TlpH3HaeTCSI u.e.necoo6pa3HblM BHecemte 60JJbWCH SICH0CTH B pacnpen.e.riemte 06SI-

3aHJiOCTeH MC)KJJ.y pa3JJH4HblM.H Be.ll.0MCTBaMH H opraHH3aU,HSIMH K3K HenocpeJl.CTBCHH0 B 

TCXH0JJ0rH4eCK0M npou,ecce YTHJJH3aU.HH AIIJI, TaK " s opratt11Jau,HH H3Jl.30pa 3a n.aHHOH 
.ll_eSITeJlhH0CTblO. 

3. ITpen.CTaBJJSICTCSI noJJe3HhlM C03.ll.aTb rpynny cncu,1-taJJHCT0B H3 3aHHTepecosaHHbIX 

se.ll.0MCTB H opraHH3aU,HH Jl.Jl51 C03Jl.aHHSI K0HKpeTH0ro nepe4HSI B03M0)K}{0f0 HCil0JJh30BaHHSI 

n.eHCTBYl:OW.HX K pa3pa6aTbIBaeMblX H0pMaTHBHblX A0KYMCHT0B pa3JJH4Hb!X BeJl.0MCTB, 3a­

AeHCTBOBaHHblX B yntJIH3aU,KK AnJI, a TaK)KC Jl.JISI o6o3H34effl-UI 0TAeJlbHblX HCpClllCHHbIX 

BODpoC0B. 

4. IlpeAJJaraeTCSI oprattHJ0BaTh non. pyKoB0.ll.CTB0M HTIJ, .5IP6 c np11sJJe4eHHeM cne­

UH3JIHCT0B YnpasJieHID! rocyn.apCTBCHH0I'O H3.ll.30pa 3a SIJl.CPH0H H pa.1viau.110HH0H 6e3onac­

H0CTbl:O MuHo6opoHbl P<l> H DBCTHTYT0B H3Y4H0H noJJ,Aep)l(KH MHHaTOMa P<l>, PoccyAOCT­

poeHHSI K MHH3Jl.pasa P<l> pa3pa60TKY CJJeJlyIOW,HX H0pMaTHBHblX A0KYMCHT0B: 

- <l>HII «IlpasHJ1a o6ecne4CHIDI 6eJonacttocrn np11 BbIB0Ae 113 3KCnJJyarnu,KH .5l3Y 

AIIJI, nepeAaHHhIX npoMhIIIIJJeHH0CTH Ha K0MnJJeKcHyJO yTHJJHJau,mo»; 
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A H H O T A II. H H II P O r P A M M, 
A T T E C T O B A H H bl X r O C A T O M H A Jl. 3 0 P O M P <I> 

TIPOrPAMMA MCU-RFFI/ A C Bl1BJil1OTEKOfl KOHCTAHT 
DLC/MCUDAT-1.0 

KpaTKoorr1-1ca11a nporpaMMa MCU-RFFI/ A, npe111m31m11e111rast J:IJlll pcwemrn ypaeHe1111st nepeHoca HewTpoHoe 
MCTO/\OM MOHTe-KapJJO ,m OCH0Be ou.e.,emlhlX st)lepHblX AallllblX AJISI CHCTCM C npo11JBOJ1bl!Or1 TpexMepHOH reo­
MCTp11er1, 6e3 yupomcmrn cjm:iw1eCKor1 H reoMeTp114CCKor, MOAeJJCH paCC11HTblBaeMblX OObeKTOB. 

CODE MCU-RFFI/ A WITH THE I UCLEAR DATA LIBRARY DLC/MCUDAT-1.0. There is shortly 
described MCU-RFFI/ A code intended to solve neutron transport equations by the Monte-Carlo method using 
evaluated nuclear data. The systems with arbitrary three-dimensional geometry are calculated without simplification 
in physical and geometrical models of the calculated objects. 

l. HA3BAID1E IlPOrPAMMbl 

MCU-RFFI/A 

2. 3BM 

flporpaMMa pa3pa6oTaHa KaK MaWHHHo-ne3aa11c11Ma.S1. 0Ha anpo611poaaHa Ha npou.cc­

copax, nporpaMMHO COBMCCTHMhlX C Pentium. 

3. IlOCTAHOBKA 3AJI.AlJH 

ITporpaMMa paCC4HTbIBaeT QJYHKU,110H3JlbI TIOTOKa HeihpOHOB )lJl.SI TpexMepHhlX CHCTeM 

C npOH3B0JlbHOl1 reoMeTpHCH, B 43CTHOCTH, 3<PQ)CKTHBHhll1 K03qxpHu,HeHT pa3MHO)KeHH.SI H 

cKopocn1 pcaKu,1111. 

MeTOJlOM MottTe-Kapno c 11cnoJ1b3osatt11eM ou.eHeHHbIX su~eptthlx .QaHHhlX H c JleTaTl.b­

HbtM onucaHHCM 33KOHOB B38HMO.QeikTBKSI HeHTPOHOB C BCIIJ,CCTBOM, 6e3 ynpow.eHHH B OnH­

caHIHI rCOMCTplH1 pewaCTC.SI OJlHOPOJlHOe ypaatteHJ-IC ncpettoca HCHTpoHOB C Y4eTOM pa3-

JIHll HblX rpal:U14Hb1X YCJIOBHH: yTe'-IKa 4epe3 BHCWHIOIO noacpXHOCTb, 6enoe H 3epKaJibHOe 

OTpa)KCHHe, TpaHCJI.SIU,HOHHaSI CHMMCTpH.SI, noaopOTHa.SI CHMMCTpH.SI. KpoMe Toro, MQ)KHQ 

Bbl'-IHCJISITb QJYHKU,HOHaJlhl nOTOKa HeHTpOHOB JlJl.SI KOHelJHblX 11 6ccKOHC'-I.HbIX HCOJlHOpoJlHhlX 

rCTCporeHHblX pCUlCTOK C TpaHCJI.SIU,HOHHOH CHMMeTpHCH H C YTC4KOH, 3aAaHHOH BCKTOpoM 

6aKJIHHra, B 43CTHOCTl1 , pewaTb 33.Qa'-ly 06 aCHMTITOTH4CCKOH peweTKC (npo6neMa Bettya). 

OcHOBHblC 06J1aCTH npHMCHCHmr: 

- OU.CHKa .SIJJ,CpHOH 6c3onaCHOCTH o6oeKTOB SIJJ,CpHOH 3HCprCTJ.1KH; 

- BCpHQJHK3ll,H.SI HCHTpOHHblX KOHCTaHT; 

- paC'-ICT HCHTpOHHO-Q)H3H'-ICCKHX xapaKTCpHCTHK (H<l>X) pa3JIH'-IHbIX THTIOB SIAepHblX 

peaKTOpoa; 

- aep11cp11Kau,nsi HH)KCHepHhIX nporpaMM pac4eTa H<l>X SIJlCPHhlX peaKTopoa. 

4. METOJI. PE1UEHJ1SI 

nnsi pCWCHlt.SI OJlHOpoJlHOro KHHCTifqCCKOfO ypaBHCHHSI HCOOJib3YIOTC.SI Tpa.ll,HU,HOHHhle 

attaJioroable MeTOJlbI MoHTe-KapJio a npu6nm1<CHHH noCTO.SIHHoro 4HCJia HCHTpoHOB M, 3a­

.QaaacMoro nOJib30BaTeJieM, B nOKOJieHlUIX. PeUJeHHC B 3TOM npH6JimKCHHH CXOAHTCSI K 

TO'-IHOMY npH yaCJJH'-ICHHH M. 
Opu MOJl,CJIHpoaam111 HCTOpHH HCHTpOHOB nporpaMMa no3B0JISICT HCnOJib30BaTb Henpe­

pbIBHOC, nOTO'-IC'-IHOC H CTyneHllaToe ODHCJHHC 33BHCH.MOCTH CC4CHHH OT 3HeprnH, ytlHTbl­

BaTb :xpcpeKTbl ttenpcphlBHOro H3MCHCHH.SI 3Heprnu npH CTOJIKHOBCHH.SIX. 

IlporpaMMa MCU-RFFI/ A no3aonsieT pacc4HThlBaTb TpexMepmi1e CHCTCMbl npaKTH­

'-ICCKH JI106011 CJIQ)KHOCTH. CHCTeMa npC.ll,CTaBJI.SleTCSI KaK o6oeJl,HHCHHe OAHOpo.ll,HblX reo­

MCTpHlleCKHX 30H, K3)K)l3SI 113 KOTOpbIX omtCbIBaeTCSI KaK 6yJICBCKasr KOM6Huau,usr ea6opa 

npOCTblX TCJI (MCTOJl. KOM6HH3TOpHOH reOMCTpHH). B pacnopSl)KCHHH noJib30BaTeJISI HMeJOTCsr 
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19 THTIOB TCJI (U,HJU1HAPhl, KOHYC, map, napaJJJJeJJCmmC)lbl 11 T .n.). 0□11cam1e reOMCTpm-I 

c11CTCM, co.n.ep)l(alll,11X pcrynsipHO nOBTOpSIIOlll11CCSI ::>JJCMCHTbl, o6JJeJ'liaeTC51 MCTO)laMH pa3-

r,U-fO)l(CHJUI, n03BOJISIIOllll1Ml1 3a)laTb nOBTOPSIIOlUHHCSI ::>JJCMCHT TOJlbKO 0)ll1H pa3. )].JI.SI CH­

cTeM, co.n.cp)l(allJ,11x ::>J1CMCHThI co CJJO)l(HOM sttyTpeHtte11 CTpyxTypo11, cyllJ,eCTBYCT B03MO)l(­

J-10CTh HX MHOroypOBHCBOrO 11cpapX114CCKOro on11caH11S1. HepapX114HOCTb 3aAaHl1.SI rCOMCTpm-I 

yMCHhWaeT 06-heM 3aJlanacM01111Hq>opMau.1111 11 CHH.>KaeT Tpe6osatt1151 K 06-hcMy oncpanrnH011 

naM51TH KOMnhJOTepa. Ilpan11J1bHhIH Y4CT c11MMCTp1111 11 KpaeshIX yCJJOBKH TaK)l(e 06J1erl1acT 

33/JaHHC reoMeTp1111. 

Cneu.11aJJbHbIM anrop11TM n03BOJl51CT Y411TblBaTb ::>Q)Q)CKTbl JlB011HOl1 rCTeporCHHOCTH, 

KOr)la TC□JIOBbl.ll,CJlSIJOUU,IC 3J1CMCHTbl COCTOSIT 113 )lCCSITKOB TblCSll( MHKpOTB3JIOB. 

Ka)l(JlOH reoMeTp114CCKOH 30HC nOJib30BaTCJlb np11nHCbIBaeT aTpH6yTht: HOMep MaTe­

p11a11a, HOMep perncTpau.110HHOl1 30Hbl (npOJ1380JlbHOC 06-he,1:u,rneH11e reOMCTpH4CCKl1X 30H 

H3 OJlHHaKOBblX MaTepHaJJOB), HOMep pcr11crpau.110HHOro OObCKTa (HanpHMep, SlllCHKa 11J1H 

KacceTa) H T.n. 3n1 aTp116yThl MOryT rcttcp11posaTbC51 aBTOMaTl14CCKH C HCIJOJlb30BaHl1CM 

MHHHMaJibHOH 11HQ)OpMaU.11H, 3anasaeMOH nOJJb30BaTeJ1CM. 

,U.n51 nposepKH BXO)lHblX AaHHblX, omtCbIB~H01Ul1X reOMeTpHIO MOACJIHpyeMOH CHCTCMbl, 

MO)l(HO BH3yarnt3l1poB3Tb H3o6pa.>KCHHC 3aAaHHOH Cl1CTCMbl B BH,lle n110CKl1X CCllCHl1H C noCJJC­

AOBaTeJJbHblM 1'1:300pa>KCHJ,fCM MaTepHaJtbHblX 30H, perucrpau.110HHblX 30H H OObCKTOB. B1,16op 

CC4CHl111 H THnOB o6JJaCTCH ycraHaBJ111133CTCSI □0Jlb30BaTeJJCM B HHTepaKTHBHOM pe)l(HMC. 

PaCC4-11ThlBalOTCSI CJICAYIOlllHC Be.TIH411Hbl: K03Q)Q)11U.11CHT pa3MH0)1(CHHSl HCHTpOHOB; ::>q>­

qJCKTHBHaSI AOJISI 3ana3Ab1Bal01UHX HC11TpOHOB; Ha6op MaJJorpynnOBblX KOHCTaHT (BKJIJOllaSI 

K03Q)Q)11U.11CHThl JlHQ)Q)Y31111) H nOTOKH HCHTPOHOB Jl,1SI pcrHCTpau.HOHHblX OObCKTOB; CKO­

pOCTH Sl.llCPHblX peaKU,HH Jljl.SI OT)lCJlbHbIX HYKJil1.ll0B 11 HX CMece11 B 3aAaHHblX npocrpaHCT­

BCHH0-3HCpreTHllCCKHX 11HTCpsanax. 

n pocrpaHCTBCHHblC HHTepsa.11.bl - 3TO pcrHCTpa U.HOHHblC 30Hbl' perHCTpau,HOHHblC o6b­

eKTbl HJIH CHCTCMa B U.CJIOM . rpaHHU.bl 3HeprenI4CCKH.X HHTCpBaJlOB 3a.n;alOTCSI □0Jlb30Ba­
TCJTCM. 

D.nst pactieTa K03Q)Q)HU.HCHTa pa3MHO)l(CH1rn HCHTpottos HCnOJ1b3YIOTCSI ou.ettK11 no 411CJ1y 

CTOJJKHOBCHl111, 4HCJIY nOrJJOll.l,CHHH H KOM611H11pOBaHHble OU,CHKH. OcraJihHblC Q)YHKU.110-

HaJlbl Bbl4HCJlSUOTCSI C flOMOlllblO OU.CHOK no CTOJIKHOBCH11SIM HJIH no AJIHHC npo6era B 30HC. 

To4HOCTh pac4cTa 3a.llall Ha KpH.TH.4HOCTh MCTO.llOM MottTe-Kapno orpamttieHa, s oc­

HOBHOM, T04HOCTblO 11CnOJlb3YCMblX 6116JIHOTCK SIJlCpHblX n,aHHblX. 

Pac4CTbl MOryT npoBOJlHTbCSI C 11C□OJlh30BaHl1CM cnCKTpa ,D.CJICHH.SI MrHOBCHHblX H 3a­

na3.llb1Bal0ll.l,HX HCH.Tpottos. B 6b1cTpo11. ::>HepreT114ecKoi1 o6JJaCTH YtIHThTBaCTcsi aHH30TponHst 

yapyroro pacce.siHHSI B CHCTCMC Ll,CHTpa Mace, HMCCTCSI B03MO)l(HOCTb npOBO.D;liTb MO,llCJ1H­

posam1e HeynpyrHX CTOJIKHOBCHH.H C y4eTOM 3aKOHOB, CO,llCp)l(all.l,HXCSl B Q)aHJiax OU.CHCHHhlX 

HC11TpOHHblX AaHHhIX. 

B o6JJaCTH ttepa3pernCHHblX pe30HaHCOB CC4CHHSI BbI411CJISIIOTCSl no TIO,llrpynnOBhlM na­

paMeTpaM HJ!H C HCOOJ!h30B3HHCM f-qJaKTOpOB bOHJlapeHKO. B o6JJaCTH pa3pCUJCHHblX pe-

30HaHCOB AOnycKaeTCSI KaK nonrpynnosoe, TaK H nOT04C4HOe OOHcaHHe CCllCHHH. Ce4CHH5l 

Ha1160JTee Ba.>KHbIX HYKJJHAOB Onl1Cb1BaIOTCSI <<6CCKOHC4HblM» 4MCJIOM T04eK, TaK KaK npH 

MO,llCJIHpoBaHl111 B Ka)l(JlOH 3HCpreTH4CCKOH T04KC OHH BbI411CJI..SllOTCSI no pe30HaHCHhlM na­

paMCTpaM. TaKaSl cxeMa no3B0JTSICT npoBOJl.11Tb paC4CTbl Henocpe.n;CTBCHHO C HCnOJih30Ba­

HHCM .n.aliHbIX no pe30HaHCHblM napaMeTpaM 6e3 npe,llBap11TeJihHOH no.n;roTOBKH Ta6m1u. 

Ce4CHHH M Oll,CHJ1BaTb TCM□cpaTypHblC 3Q)Q)CKTbl 4epe3 aHamtTHlleCKHe 3aBHCHMOCTH ce­

llCHKH OT TCMnepaTyphl. 

Mo.n;emtpoBaHHe CTOJIKHOBCHl1H B o6JiaCTM TCpMaJIH33U,HH npOBOAHTC51 no Bbt6opy nOJib-

30BaTeJI5l JIH6o B MHOrorpynnOBOM TpaHcnopTHOM np116JJH)l(CHHH, JI1160 no MOACJJH Henpe­

PblBHOro H3MCHCHIDI 3HeprnH C Y4CTOM KOppeJJSIU,HH MC)l(AY H3MeHCHHCM ::rneprHH H yrna 

DpH pacce.SIHHH. B o60HX CJIY43SIX Y4J.fTbIBalOTCSl XHMH4CCKHC CB.Sl3U, TCMOBOC ABH)l(CHHC 

SIAep, a AJISI ynpyroro paCCCSIHH51 H KOrcpCHTHblC 3Q)Q)CKTbl. 

KottcTaHTHoe o6ecnellctt11e nporpaMMhl MCU-RFFI/ A cocTaen.sieT 6aHK HeHTpOHHO­

<PH3H4ecK11x AaHHblX DLC/MCUDAT-1.0, cocrosim11.ii 113 CJICJl.YIOW.HX pa3.n;eJTos: 

- ACE - 6116mtOTeKa nOT04C4HO npeAcrasneHHhlX HCHTpoHHO-Q)K3HtieCKHX KOHCTaHT, 

IlOJTy4aeMblX npH IlOMOll.l,H nporpaMMbl NJOY 113 Q)aHJIOB 01.1,CHCHHblX sm.epHblX ,llaHHbIX; 
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- EHA6/MCU - pacw.HpeHHasr H MOAHq>m.1,1-1posaHHaSJ scprnsr 26-rpynnosoii CHC-
TCMbl KOHCTaHT EHAE-78; 

- UP AR - pe3ottaHCHhle napaMeTpbl B o6nacrH pa3pew.ettHblX pe3oHaHcos; 

- TEIIKOH - Mttororpynnosb1e ce1.JeHH51. s o6nacrH TepMaJJH3au,HH; 

- BECTA - fo16nH0TeKa AJJ51 MOAeJII1posaHHsr CTOJJKHoseu1-111 ue11Tpottos c srApaMH 
C Y4CTOM HCnpepblBHOro H3MeHeHH51 :mepnrn HeihpOHOB B o6naCTH TepMaJHf3aU,HH, 3aJJ,aH-

HaSl B cpopMe sepOSlTHOCTHblX Ta6mtu,, IlOJlytleHHblX H3 3aKOHOB paccesrHHSJ S(a, {3) . 
DLC/MCUDAT-1.0 COACP)l(HT HHq>opMaU,HIO AJISJ 131 H30Tona (CM. rn6nuu,y). 

Conep}l(anHe 6H6J1HOTeKH DLC/MCUDAT-1.0 

II0MCQ t,faoron HOMCQ 1'f30TOn IIOMCQ lhoron 
I 1- 11-1 45 54-Xe- 13I 89 72-Hf-178 
2 I-H-2 46 54-Xe-135 90 72-Hf-179 
3 2- lle-3 47 55-Cs-133 91 72-Hf-180 
4 2-llc-4 48 56-Cs- 134 92 73-Ta 
5 3-Li-6 49 56-Cs- 135 93 73-Ta-181 
6 3-Li- 7 50 59-Pr-141 94 74-W 
7 4-Be 51 60-Nd-143 95 74-W-180 
8 5-B- 10 52 60-Nd-145 96 74-W-182 
9 5-8-11 53 61-Pm-147 97 74-W-183 
10 6-C 54 61-Pm-148m 98 74-W-184 
11 7-N 55 61-Pm-I49 99 74-W-186 
12 8-0 56 62-Sm-149 100 75-Re 
13 9-F 57 62-Sm-150 101 79-Au 
14 I I-Na 58 62-Sm-151 102 82-Pb 
15 12-Mg 59 62-Sm-152 103 83-Bi 
16 13-AI 60 63-Eu 104 90-Th-232 
17 I4-Si 61 63-Eu-I51 105 91-Pa-233 
18 I7-Cl 62 63-Eu-153 106 92-U-233 
19 19-K 63 63-Eu-154 107 92-U-234 
20 20-Ca 64 63-Eu-155 l08 92-U-235 
21 22-Ti 65 64-Gd 109 92-U-236 
22 23- V 66 64-Gd-152 110 92-U-238 
23 24-Cr 67 64-Gd-154 111 93-Np-237 
24 25- Mn-55 68 64-Gd-155 112 93-Np-239 
25 26-Fe 69 64-Gd-156 113 94-Pu-238 
26 27-Co 70 64-Gd-157 114 94-Pu-239 
27 28-Ni 71 64-Gd-158 115 94-Pu-240 
28 29-Cu 72 64-Gd-160 116 94-Pu-241 
29 3I-Ga 73 66-Dy 117 94-Pu-242 
30 36-Kr-83 74 66-Dy-156 118 95-Am-241 
31 39-Y 75 66-Dy-158 119 95-Am-242m 
32 40-Zr 76 66-Dy-160 120 95-Am-243 
33 41 - b-93 77 66-Dy-161 121 96-Cm-242 
34 42-Mo 78 66-Dy-162 122 96-Cm-243 
35 42-Mo-95 79 66-Dy-163 123 96-Cm-244 
36 43-Tc-99 80 66-Dy-164 124 96-Cm-245 
37 44-Rh 81 68-Er 125 96-Cm-246 
38 44-Ru-101 82 68-Er-166 126 96-Cm-247 
39 45-Rh- 103 83 68-Er-167 127 96-Cm-248 
40 45-Rh- 105 84 68-Er-168 128 98-Cf-252 
41 46-Pd- 105 85 72-Hf 129 OCK0JIKH 233U 
42 47-Ag- 109 86 72-Hf-174 130 OCK0JIKH 235U 
43 48-Cd 87 72-Hf-176 131 OCK0JIKH 239Pu 
44 48-Cd-II3 88 72-Hf-177 
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5. orPAHMlfEHMSI CJIO)KHOCTM 3A.LJ.A 'H1 

ITpHHU.HTIJ,faJlbHblX orpaHl14CHHH no CJIO)KHOCTJ1 MOJJ,em1pyeMblX CHCTeM nporpaMMa HC 

HMeeT. 
OJJ.HaKo (s cIrny cneu.11cpHK11 MCTOJlOB MoHTe-Kapno npH pac4eTe 6011bw11x 3HeprcTH-

4ecKHX pcaKTOpos H CJia6ocssl3aHHblX CHCTCM) nOJlb30BaTeJib Jl,OJJ)KeH 6b1Tb Kpatrne OCTO­

pD)KCH H PYKOBOJJ,CTBOBaTbCSI np11 3a}lamrn ynpaBJJSIIO[lJ,HX napaMeTpOB nporpaMMbl 11 HH­

TepnpeTaU.HH pe3yJihTaTOB MCTO.lJ,114CCKl1MH yKa3aHl1SIMl1 asTopos nporpaMMbl. HenpaBHJlb­

HOe 3a}laHHe 3THX napaMCTpos, KaK WHpoKO H3BCCTHO 113 JlHTepaTypbl, MO)KeT np11seCTH 

K ttesepHhlM pe3yJihTaTaM. 

6. THTUfqHOE BPEMSI ClJETA 

BpeM.51 C4eTa 3aBHCHT OT Bb16paHHOH IlOJlb30BaTeJieM qJ113H4CCKOH MOJJ.CJIH, CJIO)KHOCTH 

reoMCTpHH MOACJIHpyeMOH CHCTCMbl H tteo6XO.ll,HMOH CTaTJ1CTl14CCKOH norpewHOCTH OUCHH­

BaeMblX cpyHKU,J10HaJIOB. 

7. OC0.6EHHOCTH TIPOrPAMMhl 

ITporpaMMa MCU-RFFI/ A pa3pa60TaHa B paMKax npocKTa MCU. 

ITpoeKT BKJit04aeT s ce6st pa3BHTHC naKcTa nporpaMM MCU JJ.JISI pemeHHst ypaBHCHHSI 

nepettoca 43CTlill, pa3JIH4Horo T11na MCTO.ll.OM MoHTe-Kap110, C03AaHHe H aJJ,anTau,11t0 pa3-

JIH'¾Hb1X 6116mtOTCK KOHCTaHT, pa3pa60TKY nporpaMM Jl,JISI pa60Tbl C HHMH, npOBCJJ,CHHC 

sepHq>l1KaU,HH nporpaMM H KOHCTaHT Ha OCHOBC cpaBHCHJ1SI C JJ,aHHbIMlf 3KC□CpHMCHTOB. 

ITaKeT MCU npeJJ,cTaBJISICT co6ott Ha6op MOJly,1e11, 113 KOTOpbIX K0MnottyIOTCSI cneu.11-

aID13HposaHHble nporpaMMbl JJ,JISI perneHHSI pa3JJl14HblX np11KJ1aJJ,HhlX 3aJJ,atf. B apXHTCKType 

naKeTa 33Jl0)KCHa B03M0)KH0CTb KOMnOHOBKH cncu,11aJlll3Hp0BaHHhlX nporpaMM nyTeM 11C­

IlOJib3083liHSI 3JlbTCpttantBHblX MOJJ.yJJeH 113 6116111:10TCKH naKeTa. ITpHMepaMH TaKHX npo­

rpaMM Sl1'Jl5UOTCSI 6mt3KHC no CB0CMY Ha3Ha4CH11IO, HO OTJIH43IOllJ,HCCSI no H3JJ.C)KH0CTH H 

PSIJJ.Y B03MO)KHOCTdi nporpaMMbt MCU-RFFI 11 MCU-RFFI/ A. 
MOJJ.YJJb - :rro COBOKYilHOCTh no.D,nporpaMM, .11MCIOllJ,11X CTporo onpe,AeJICHHblC apxH­

TCKTypo11 naKeTa cpyHKU,110HaJibHOe Ha3Ha4CHHC J1 J1HTepcpe1k. Ilo CBOCMY Ha3Ha4CHHIO 

MO.UYJIH no.npa3ACJISIIOTCSI Ha CJICJJ.YIOWHC THnbI: Y - ynpaBJISIIOllJ,He; T - TpaHcnopTHbte, 

<l> - cpH3114CCKHe; r - reoMeTpl14CCKHe; p - perHCTpaU,HOHHhle; J1 - HCT04HHKOB, 0 -

o6opyJJ,OBaHHSI. 

KpoMe Toro, naKCT BK;1J04aCT s ce6si npcnpou,eccop JJ,JJSI c6opKH pa6o4HX nporpaMM 

(PIT) no HaJsaHHSIM MOJJ.yJieH pa3HbtX nrnos, JaJJ,asaeMbJX npH ycTaH0BKe PIT Ha KOHK­

peTuy10 3BM c y4eTOM JaKa3a noJJb30BaTeJJsi. 

C6opKa PIT ocyLU,eCTBJistCTCst no ¢opMyJie 

PIT = Y + T + <l> + P + f + J1 + 0, 

rJJ,e Y, T, <I>, P, r, J1, 0 - Ha3B3HHSI K0HKpeTHblX MOAYJICH COOTBeTCTBYIOJ.QHX THTTOB. 

3aJJ,aHHe HMCH MOAyneH npenpou,eccopy onpeJJ,ensieT TY HJIH 1rny10 exeMy pelllCHHSI 

33.lJ,alfH. Bee M0JJ.YJIH OAHHaKOBOro THna B naKeTe B3aHM033MCHSICMbl. 

Hexo.l{Hble TCKCTOBblC cpaHJibl M0JJ.yJieH 3anHeaHbl Ha BX0.l{HOM Sl3bU<e npenpou.eeeopa, 

KOTOpblH nepeA TpaHCJISIU,11CH MOJJ.YJICH H c6opKOH nporpaMMbl reHepHpyeT TeKeTOBbJe cpaHJibl 

Ha Sl3b1KC <I>oPTpaH-77. 
Ka)KJJ.asi pa6o4asi Bepe11si nporpaMMbl MCU-RFFI/ A JJ.JISI K0HKpeTH0H 3BM 11 yeTa­

HOBJJCHHOH Ha tte11 oncpau,110HH011 eHcTeMht rcttep11pyeTcsi 113 MOJJ.yne11 naKeTa MCU e He­

DOJth30BaHJ1.eM ero npenpou.eeeopa. napaMeTpbl, onpeJ1,eJIS110ll\J1e 06-heM naMSITH, tteo6xo­

JUlMOH AJISI pemeHHSI HCKOTOporo KJJacea 3aJW4, 3a.l{aJOTeSI TIOJlh30BaTeJleM np.11 reuepau,HH 

nporpaMMbl e Y4eT0M HX CJI0)KHOCTH. 

IlporpaMMa MCU-RFFI/ A nonttoeTbJO BKJ1ro11aeT Bee B03MO)KH0eTH nporpaMMhl 

MCU-RFFI H HMeeT CJ1eJJ.y10LU,11e J1,ono11HeHm1: 
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- cyw.cCTBCHHO pacw11peHa fo16JrnoTeKa KOHCTaHT; 
- A06as,,cH HOBblH pa3AeJI ACE s fo16m10TeKy KOHCTaHT 11, cooTBCTCTBeHHO, Ao6asneH 

HOBblH nOAMO.!lYJlb q>H3H4CCKOro MOAYJISI, 4TO II03B0JlSICT npOBOAHTb 6onee AeTaJibHOe HC­
CJICAOBaHHC 6b1CTpoi,i 4aCTH cnCKTpa; 

- KpoMe ycTapcswcro rcoMeTpH4CCKoro Mo.nynsr SCG nocras11sieTCS1 aJihTepHaTHBHhlH 
M0.!lYJib NCO, KOTOp1>1i1 no3so11sieT 3aAasaTb 11epapx11tJCCKOC om1caHHC CHCTCMbl, tJTO no-
3BOJISieT np0113BO.llHTb paC4CTbl peaKTOpOB B u.enoM; 

- o6ecnC4CHa 803MO:>KHOCTb OAHOBpCMCHHO npoH3B0.llHTb reHepau.11io HCCKOJlbKHX pa-
6o4HX nporpaMM, OTJIH43IOW.HXCSI pa3Hb1MH sapJ.iaHTaMH rCOMeTpHtJCCKOro MOAYJISI H Ten­
JlOBOrO nO.!lMO.!ly,151 q>H3H4CCKOro MOAYJ1S1; 

- pacwHpCHbl 803MO:>KHOCTH nporpaMMbl-BH3Y3JlH3aTopa, 8 tJaCTHOCTH, eCTb BO3MO)K­

HOCTb no11ytJJTb 4CpHo-6CJII?Ie H306pa)KCHHSI B BHAe CTaHAJPTHblX rpaq>HtJCCKHX cpaHJlOB 
WINDOWS (cpai-iJtbl rnna BMP). 

8. BCTTOMOfATEJlbHblE l1 COTTYTCTBYIOIIJ.11£ TTPOfPAMMhl 

ll11si MO.!lHq>HKau.1111 6116,1110TeK KOHCTaHT TenJtOBbTX HCHTpottoe TETTKOH 11 BECTA 
11cnoJ11>JY10TCS1 pa3pa60TaHHb1C e paMKax npoeKTa MCU nporpaMMbl TERMAC H CTEHh. 

9. COCTOSIHME TTPOfPAMMbl 

nporpaMMa .ncnoHHpoeaHa e O<t>ATT-51P e MapTe l 996 r. (HHB. NQ 388 O<t>ATT-51P) 
H aTTCCT0BaHa rocaTOMHa.!l30pOM P<t> AJ151 pactJeTOB KpHTH4HOCTH npaKTHtJeCKH JII06blX pa3-
MH0:>KalOW.HX HCHTPOHbl c11cTeM [ l ]. 

MMCCTCSI no,1HaS1 JI0KYMCHTaU.HSI no nporpaMMC [2, 3 ], K0T0paSI 6b1Jl3 3H34HTeJibH0 
pacw11pctta 11 AOpa6oTaHa noCJie .D,cnott11poeaHHS1 a O<t>ATT-51P. 

10. CCbIJ1Kl1 

1. ATTecrau.110Httb1.i1 nacnopT nporpaMMH0ro cpeACTBa. nporpaMMa MCU-RFFI/ A c 
6»611110TCKOH K0HCTaHT DLC/MCUDAT-1.0. PerncTpau.HoHHhti-i HOMCp nacnop-ra aTTeCTa­
u.1111 TIC 61 OT 17.10.96. Hay4HO-TeXHH4CCKHH U.CHTp DO SIACPHOH H paAH3IJ;HOHHOH 6eJ­
onaCH0CTH rocaToMttaAJopa Pocctt11, MocKea, 1996. 

2. A6arsrH Jl.n., A,,eKcccs H.11., BepcTcHoe B.B. " AP- TiporpaMMa MCU-RFFI/ A. 
OTtJeT PHU «Kyp4aTOBCKHH HHCnnyT>>, HHB. NQ 32/ 1-14-298, 1998. 

3. A6arntt JI.n., AneKceee H.11., 6pb1Jranoa B.11. H .up. BepHq>HKau;m1 H npoeepKa 
Ka4CCTea nporpaMMbl MCU-RFFI/ A np11MCHHTCJ1hHO K pactIcTaM KPHTHtJHOCTH paJMHO­
:>Ka10w,11x Heihpottbr CHCTCM. Bep11q>HKaU.HOHHbtH OT4CT PHU, <<Kyp4aTOBCKHH HHCTHTYT>>, 
HHB. NQ 36/1-133-96, 1996. 

11. TPE60BAHMSI K 3BM 

TeKCTbl nporpaMMhl MCU-RFFI/ Ac fo1611noTeK011 DLC/MCUDAT-1.0 H onncaHHeM 
nporpaMMbl JaHHMJIOT Ha AHCKeTaX HJIH APYrDM H0CHTeJie, Bb16paHHOM AJISI nepeA3tJH D0Jib-
30SaTeJIIO, 18,5 M6ai-iT. 

TToCJic ycratt0BKH Ha 3BM nporpaMMa JaHHMaeT 86 M6ai1T Ha )KeCTK0M AHCKe, MH­
HHM3JibHbIH 06-bcM onepaTHBH0H naMSITH - 32 M6a11T. 

12. Sl3blKl1 TTPOfPAMMMPOBAHM.sI 

13. OTTEPAU.110HHASI Cl1CTEMA 

MS-DOS, WINDOWS-95, WlNDOWS-98, WINDOWS-NT. 
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14. )].OOOJlHMTEJlhHASI .11H<I>OPMAU.11SI 

TiporpaMMa pa3pa6oTaHa B PHU. <<Kyp4aTOBCKHH HHCTHTYT>>. PacapocTpaHS1eTCS1 Ha 
J(OMMep4CCKOH OCHOBe. no sonpocaM np1106peTeHHSI nporpaMMbl CJle,AyCT o6paw,aTbCSI K 
E.A. foMHHY (TeJ1ecpoH: 196-9811, a,Apcc 3JICKTPOHHOH no4Tb1: gomin@adis.vvcr.kiac.ru). 

JS. ABTOPhl IlPOrPAMMhl 

JI.TT. A6arsrn, HJ1. AJ1cKcces, 8.11. EpbrJraJ10B, B.B. BepeTeHOB, A.E. fnywKos, 
£.A. foMHH, M.11. fypcsH4, M.A. KanyrnH, JI.B. Ma11opoa, C.B. MapHH, M.C. lOAKCBH4. 

16. MMEIOIII,MECSI MATEPMAJlbl 

TiporpaMMa MCU-RFFI/ A s cpopMc TCKCTOB Ha S1Jb1Ke npenpou,eccopa □aKeTa MCU, 
a TaK)KC TeKCT 3Toro npenpou.cccopa Ha S1Jb1Kc <DopTpatt-77. 

B116n110TeKa KOHCTaHT D LC/ M CU DA T-1.0. 
TTporpaMMa - a113yam-1JaTOp MCUGRAF s s11.ne ABYX Jarpy304HblX MOAYJidi H npc­

npou.cccopttblX TeKCT0B. 
KoMaHAHbre cpaHJthl (BA T-cpaHJihl Ha S1Jb1Ke MS-DOS) AJJSI JanycKa rettepau,1111 pa6otrnx 

sepcu11. 
TTOJ1HaS1 AOKYMCHTaU.HSI Ha pyCCKOM 11 3HrJJHHCKOM Sl3hlKaX H sepHQ)HKaU,HOHHblH 0T4CT 

a ae4aTH0M BHJle 11 3JJCKTp0HHOM HOCHTenc B BHAC TeKCTOB pe.AaKTopa WORD. 
no 3aKa3y ITOJ1b30B3TeJJSI eMy MoryT 6b1Tb nocTasJJeHbl roTOBhle sapuaHTbl TeKCTOB Ha 

Sl3bIKe <l>opTpatt-77 HJUI 3arpy3o4HhIX MOAYJ1CH nporpaMMbI no.A KOHKpeTHhte nm 3BM, 
onepau,110HHYIO CHCTCMY, TpaHCJISITOp 11 pacnpeJlCJICHHe naMSITH. 

17. PY6PWKM W KJllO'-IEBhlE CJIOBA 

YpasHCHHe ncpeHoca, HCHTpoH, KpHTH4HOCTh, MeTOJl MoHTc-Kapno, ou.eHeHHhlC SIACP­
Hble .naHHblC, Bbl4l1CJIHTCJlbHaSI nporpaMMa . 

AHHOTaUHSI 11ocrymina B pe)laKU11IO 10 1110JISI 2001 r. 

BonpOCbl aTOMIIOh HayKH H TeXIIHKH, 

Ccp. <l>H3HKa Sl)lepllblJ( peaKTOpoB, 2001, Bbln. 3, c. 50-55. 

IlPOrPAMMA MCU-REA C ol16JIMOTEKOfl KOHCTAHT 
DLC/MCUDAT-2.1 

KpaTKO om1ca11a aporpaMMa MCU-REA, npeJ1Ha311a•1e1111asi JIJISI pac4eTa MeTOJIOM Mo1ne-Kapno 11eihpo11-
110-cjm3114eCK11x xapaKTep11cn1K (I I<l>X) peaKTOpoo. B03M0)1(ll0CTb npoBOJIHTb pac•1eT H<t>X C y4eTOM 113Melle11HSI 
H30To1111oro cocrnea MaTep11anoo pcaKTopa e npouecce KaMna111111 - ea>K11ei'.'1wee OTJIH4He MCU-REA OT eccx 
npcJlblAYLJ.t~IX nporpaMM CeMe•tCTlla MCU. KpoMe TOrC>, B nporpaMMe peM1130B3llbl MeTOJlbl Heananoroooro M0Ae­
J111poeam1S1, KOT0pbre D03B0J1SIIOT pa)IHKaJlbllO COKpantTh c•reTIIOC epeMSI np11 pewem111 33)13'1 C OOJlbWilM ocna6-
J1e1111eM noToKa Hei'.'tTpoHoe, o •racn1ocn1 npH pac•reTe nOToKa 6brCTpblx 11e1hpo11oe ua KOpnyc peaKTopa nn3P. 

CODE MCU-REA WITII THE NUCLEAR DATA LIBRARY DLC/MCUDAT-2.1. There Is shortly described 
MCU-REA code, which is intended for calculation of neutron characteristics ( C) of a reactor by the Monte-Carlo 
method. The possibility to calculate I C of the core taking into account the fuel bum up si the main peculiarity of 
the MCU-REA code. Besides, the non-analogous methods or simulation are realized in the code and save time 
significantly when calculating the systems with strong relaxation or neutron flux, especially in calculations of fast 
neutrons' flux on the vessel of the VVER reactor. 
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1. HA3BAHME IlPOfPAMMbI 

MCU-REA 

2. 3BM 

TTporpaMMa pa3pa6oTaHa KaK MawHHH0-He3aBHCHMaSI. OHa anpo6upoeaHa na npou.ec­

copax, nporpaMMH0 C0BMCCTHMblX C Pentium. 

3.IlOCTAHOBKA3AAAqM 

TiporpaMMa paCC4HTblBaeT HeihpOHHO-qJH3H4eCKHe xapaKTepHCTHKH (H<l>X): 3Q)(PeK­

Tl1BHblH KO::>qJQ)HU,HeHT pa3MH0)l(eHHSI, CK0P0CTH peaKU.Hli H ,npyrne cpyHKU.HOH3Jlbl IlOT0Ka 

HCHTp0HOB B Sl4CHKax, IIOJUUl4eUKax 11 cpparMeHTax aKTHBHhlX 30H pa3JIHllHblX THil0B pe­

aKT0p0B C 3a.n.aHHblM C0CTaB0M. 

O6ccne4CHa B03M0)KH0CTb paclleTH0ro npe,ncKa3aHHSI H30T0ilH0ro C0CTaBa MaTepuanoB 

peaKT0pa 11 cro pa3MH0)l([IIOUJ,11X CBOHCTB B 3aBHC11M0CTH OT ,AJ111TeJlhHOCTH KaMnaHHH. 

AnS1 Ka)K.n.oro pacc4HTbteaeMoro coCT0SIHHSI peaKTopa MCTo,noM MottTe-Kapno pewaeTcsr 

0JJ.H0p0,AH0e ypaBHCHHe nepettoca HCHTPOHOB C HCil0Jlb30B3Hl1CM ou,eHeRRblX Sl,ll,epHblX .n.aH­

HblX H C JJ.CT3JlbHblM on11caHJ1CM 33K0H0B B3311MOAeHCTBHSI HeHTp0HOB C sern,eCTB0M, 6e3 

ynpow,eHHH B 0nHC3HJ,111 re0MCTpHH H C ylleTOM pa3JlHlilfblX rpaHHllHblX YCJIOBUH: yTel!Ka 

4Cpe3 BHeUJHIOIO noeepXH0CTb, 6e.noe H 3epKaJ1bH0e 0Tpa)l(CHJ-fe, TpaHCJlSIU,H0HWUI CHMMeT­

p,rn, nosop0THaSI CHMMeTpHSI. KpoMe Toro, M0)l(H0 Bhl4HCJISITb cpyHKU.HOHMhl ITOT0Ka HeH­

Tp0H0B JlJISI K0He4HblX H 6eCKOHe4HblX He0,ll,H0p0AHblX reTcporeHHblX peweT0K C Tp3HCJUI­

U,110HHOl1 CHMMeTpHeH H C yTe4KOli, 33,IJ,3HHOH BeKT0pOM 6aKJll1Hra, B ll3CTHOCTH, pewaTb 

3a.na4y 06 aCHMOTOTH4CCKOH pemeTKe (npo6neMa fiettya). 

4. METOA PEillEHlUI 

1lJ1SI perueHHSI 0,ll,H0P0JJ.H0ro KHHeTH4eCK0ro ypaetteHHSI 11CITOJlb3YIOTCSI Tpa.zt.HU.110HHhle 

aHanoroeb1e MCT0Jlbl MouTe-Kap110 B np116.Tllf)l(CHHH nocrosiHH0ro 4HCJia tteHTpoHoB M, 3a­

.n.aeaeMoro n0Jib30BaTeJICM, B TI0K0JleHHSIX. Pemett11e B 3T0M npH6nIDKeHHH CX0AHTC51 K 

T04H0MY np11 yBCJJH4CHHH M. 

TI pH M0JJ.en11poeamrn HCTOpHH He»TpOH0B nporpaMMa n03B0JlSleT HCIT0Jlh30BaTh Henpe­

pblBH0e, □0T04C4H0C 11 CTy□eH4aToe on11caH11e 33BHCHM0CTH Ce4CH.HH OT 3HeprnH H y'IH­
ThlBaTb Henpepb!BH0C H3MCHCHHe 3HeprHH np11 CT0JIKH0BeHHSIX. 

OporpaMMa MCU-REA no3B0Jl.sJeT paccllHTblBaTh TpexMepttb1e CHCTeMhl npaKTH4eCKH 

J1t06011 CJI0)l(HOCTH. 

CHCTeMa npe,D,CT3BJ1SICTCSI KaK 06-be.n.HHeHHe 0,ll,H0P0AHblX re0MeTpH4eCKJ-lX 30H, K3)1(.ll.3SI 

H3 K0T0pbIX 0IIHChlBaCTCSI KaK 6yneBCK3SI KOM6HHaIJ,HSI Ha6opa IlpoCThlX Ten (MeTOA K0M-

6HHaTOpHOH re0MeTp1111). B pacnopSl)l(eHHH n0Jlh30B3TeJISI HMCIOTCSI 19 THil0B TCJI (IJ,H.llHH­

.llPbl, Kottyc, wap, napanJienen11ne.n.hl 11 T.n.). Omicatt11e reoMeTpHH cucreM, co.nep)Kall.{HX 

perynsipHO 00BT0PSIK>UJ,HCCSI 3JieMCHThl, o6neNaeTCSI HCn0Jlb30B3H.HeM MeT0)].0B pa3MH0)Ke­

HHSI, Il03B0JUU0Ill.HX 33)].aTb O0BTOPSIIOUJ,KHCSI 3JleMeHT T0JlhK0 0,ll,HH paa. Jl,Jl.SI CHCTeM, co­

,D,Cp)l(3Ul,HX 3JleMeHTbl co CJIQ)l(HOH BHyTpeHHeii CTPYKTypou, cyw,ecTByeT B03M0)KH0CTb HX 

MH0roypOBHCB0ro 11cpapx114eCK0ro 0nHcaHHSI. l1epapXH4HOCTh 33)].3HIDI reoMeTpmt yMeHb­

macT o6-beM 3a,D,aeaeMow ,rncpopMau.1111 H CIDf)KaeT Tpe6oeaHHSI K 06-beMy onepaTHBHOH na­

MSITH KoMnbK>Tepa. OpaBHJihHbJH ylleT CHMMeTpH.H u Kpaeeb1x yCJioBHH TaK)f<e o6nert1aeT 

3a.nam1e reoMeTpHH. 

OpH onHCaHHH 30H MeT0,IJ,0M KOM6HH3TOpHOH reoMeTpHH see HX rpaRH.U,hl COCT0SIT H3 

KYCK0B anocKocrei,i 11J111 Kea.n.paTH4HhJX nosepxttocreii, no3T0MY npH HMHllH.H AeTMeH c 

6oncc CJI0)l(HblMH rpaHH4HbIMH noeepxH0CTSIMH HX Heo6xOAHMO annpoKCHMHpoB3Tb 04eHb 
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6oJibl.llllM '-IHCJJOM 30H. B nporpaMMe peaJUl30BaH MeTOA BblpOBHeHHhlX CelfeHHH, Il03BOJUJ­

J()0J.KH CHSITb 3TO orpaHH'-leHl1C 11 onHCblBaTh, HanpHMep, o6pa3yiom.11ecS1 B npou.ecce 3KC­

J1JIY8TaUKH H3rn6hl Kacccr peaKTopa BB3P-1000. 

CneuuaJJhHhlH anrop11TM no3BOJJSieT Y'-IHThlBaTh 3<p<peKThI ABOHHOH reTeporeHH0CTH, 

J{Or.na TeTIJJOBbl,ZJ.eJJSIJOW.11e 3JJeMeHThl COAep)f(aT AeCSITKH TblCSl'-1 M11Kp0TB3JlOB. 

Ka>K.n,Oli reoMeTpl14eCKOH 30He nOJlb30BaTeJlb npHDHCblBaeT PSIA aTp116yTOB: HOMCp Ma­

TepuaJJa, HOMep perHCTpau.110HHOH 30Hbl (npmt3B0JJbHOe o6be,ZJ.HHemie reoMeTpH4eCKHX 30H 

.H3 OAHHaKOBblX MaTepHaJIOB), HOMep perncTpau.110HHOro OObeKTa (HanpHMep, SltJCHKa HJIH 

KaCCeTa) H T.n. 3TH aTpH6yTbl MOryT reHep11posaTbCSI aBTOMaTHlfeCKH C HCil0Jlb30BaHHeM 

MHHHM8JJbHOH HHQ)OpMaU.HH, 3a,ZJ.asaeMOH Il0Jlh30BaTeJieM. 

,UJISI nposepKH BXOAHhlX AaHHblX, OilHCblBaJOut.HX reOMeTpHIO MO,ll.eJIHpyeMOH CHCTeMbI, 

M0)KH0 BH3YaJIH3HpoBaTb H306pa)KeH1-1e 3a,naHHOH CHCTeMbl B BH,ll.e DJI0CKHX Cel.J.eHHH C no­

CJJe.D.0BaTeJibH.hlM H3o6pa)KeHHeM MaTepHaJibHblX 30H, perHCTpaU,HOHHblX 30H H OObeKTOB. 

Bo3MO)KH8 reuepaU,HSI useTHblX " 4epuo-6eJihlX H306pa)f(eHHH. Bb16op celleHH..H, THilOB 06-

11aCTeH, llHCJJa U.BeTOB H MeCTa pHCYHKa (3KpaH HJIH cj)ai111 Ha .ZJ.HCKe) ycTaHaBJIHBalOTCSI 

00Jlb30BaTeJieM B HHTepaKTHBHOM pe)f(HMe. 

PacC'-IHTbIBaJOTCSI CJJeAyIOn.rne BeJIHlfHHbl: K03Q)Q)HU,HeHT pa3MHO)KeHHSI HeHTpOHos; 3Q)­

cj)eKTHBHaSI AOmr 38083.D.bIBalOll.lHX ue.ifrpOHOB; Ha6op MaJiorpynnOBblX KOHCT8HT (BKJll04aSI 

K03Q){l>HU,HeHThl .ZJ.H<p<py311H) H IlOTOKH HeiiTpoHOB .ZJ.JISI pemCTpau.110BH.blX OObeKTOB; CKO­

p0CTl1 SIAepHhIX peaKU,11H AJISI OTAeJJbHblX HYKJllfAOB 11 KX CMecefl B 3a,D.aHHhlX npOCTpaHCT­

seHH0-3HepreTH4eCKHX 11HTepsanax. 

ilpoCTpaBCTBeHHhie KHTepsaJihl - 3TO perHCTpau,HOHHble 30Hhl, pemcTpaU.HOHHbte om,­

eKTbl wrn: CHCTeMa B UeJIOM. fpaHHU.hl 3Heprent4eCKHX HHTepBaJJOB 3a,naJOTCSI Il0Jlh30Ba­

TeJieM. 

,U11.s1 paCtfeTa K03Q)Q)HU.HeHTa pa3MHO)KeHHSI HeHTpOHOB HCilOJib3YlOTCSI ou,eHKH no 4HCJJY 

CTOJIKHoseH.H..H, llHCJJy nomomeHHH " KOM6HH11.posaHHhle ou.eHKB. OcTa11htth1e Q)YHKu,110-

BaJihl Bblll.BCJJSUOTCSI C IlOMOll.lblO ou,eHOK no CTOJIKHOBeHHSIM HJIH no AJJHHe npo6era B 30He. 

PaC'-leTbl MOryT nposO,AHTbCSI C HCil0Jlb30BamteM cneKTpa JJ,eJieHHSI MrHOBeHHhlX H 3a­

na3,Ab1Bal0ut.HX aeflTpoHOB. B 6h1CTpo:i% 3HepreTH4eCKOH o611acTu YllHThmaeTcsi: aHH30TponHSI 

yapyroro pacceSIHH.SI B CHCTeMe u,eHTpa Mace, HMeeTCSI B03M0)f(HOCTb npOBO,AHTb MO,AeJil1-

poBaH11e ueynpyrux CTOJIKHOBeHl1H C ytieTOM 3aKOHOB, co,nep)l(81IJ.HXCSI B cj)awrnx ou.eHettHblX 

HeHTpoHHhlX ,nattHblX. 

B o6naCTH ttepa3peUieHHblX pe3ottattcos cetieHRSI Bbl'-IHCJJSIIOTcsi: no IIOArpynnOBhIM na­

paMeTpaM HJIH C 11Cil0Jlh30BaHJ1eM f-cj)aKTOpoB 6ott,napeHKO. B 06nacn1 pa3peweHHhlX pc-

30H8HCOB AOnycKaeTCSI KaK no,nrpynnOBOe, TaK H IlOTOllellHOe onucaBHe CelleHH..H. Cellemrn 

HaH60Jiee Ba)KHhlX HYKJJH,ll.OB onHCbIBaJOTCSI «6ecKOHellHbIM>> "ll!CJJOM TOlfeK, TaK KaK npH 

MOAeJIHpoBaHHH B Ka>K.n,OH 3HepreTH4eCKOH T04Ke OHH BblllHCJlSllOTCSI no pe30HaHCHblM na­

paMeTpaM. TaKaSl cxeMa no3BOJ1SleT npoBO.ZJ.HTb paClfeTbl Henocpe,ll.CTBeHH0 C HCil0Jlb30Ba­

HBeM .n.aHHblX no pe30HaHCHhJM napaMeTpaM 6e3 npe.n.sapHTeJibHOH IIO.ZJ.I'OTOBKH Ta6JIHU. 

Cel!eHHH H 01.1,eHH.BaTb TeMaepaTypHble 3Q)Q)eKTbl 4epe3 aHaJlHTHl.leCKHe 3aBHCHMOCTH ce­

lleHHH OT TeMnepaTypbl. 

Mo.ZJ.eJIHpoBaHue CTOJJKHOBeHHH s o6naCTH TepMaJIH38U.HH npoBOAHTCSI no Bhl6opy nOJih-

30BaTeJISI JIH6o B MHOrorpynnoBOM TpaHCTIOPTHOM np116J1mKeH1m:, JIH6o no MOAeJlH Henpe­

PblBHOro H3MeHeH_l,ISI 3Heprlill C Y'-leTOM KOppeJISIU,11H Me>K.n,y H3MeHeHHeM 3Heprnn H yr11a 

DpH paccesnnm. 8 o6oux CJJy4aSIX YtJHTblBalOTCSI XHMHlleCKHe CBSl3H, TeDJIOBOe .ZJ.BH)f(emte 

Sl,Aep, a .D:JISI ynpyroro pacceSIHHSI H KOrepeHTHbie 3Q)Q)eKTbl. 

Pac1.1eT H3MeHeHHSI H30TODHOro COCTaBa peaKTOpa B npou.ecce KaMnaHHH npOBOAHTCSI 

npu 3aAaHHOH 3aBHCHMOCTl1 cpe.n.HeH MOllJ,HOCTH 3HeproBbl,ll.eJieHHSl B CHCTeMe OT BpeMeHH. 

Tipu pewemrn AH<txl>epeHu.HaJibHblX ypaBHeHltH H3MeHeHHSI H30TOIIHOro COCTasa 30H B 3a­

BHCHMOCTH OT speMeHH HCD0Jih3YIOTCSI ycpe,nHeHHble no Ka>K.n,OH Bhll'Opaiomeu 30He OJJ.HO­

rpynnosble ce'-leHHSI HeHTpoHHO-QJH3H4ecxnx peaKu,HH. no11b30saTeJib 3a,naeT speMeHHhie 

HHTepBaJJbl, e HallaJie KOTOpbIX 3TH celleHHSI AOJI)l(Hbl YTOllHSITbCSl. O6masr cxeMa paclleTa 

TaKOBl:I . ,UJISI 3a,ll.aHHOro Ha4aJibHOro COCT0SLHWI. CHCTeMbl pernaeTCSl 3aAalla Ha KpHTHllHOCTh 

57 



MeTOAOM MoHTe-Kapno H Bbl411CJJS110TCS1 see HCJ)X, B 43CTHOCTH, OJlttorpynnOBhle ce4eu1u1 

H MOUJ.HOCTH :,meproBhlJleJlemrn JlJI.SI Bcex BbtropalODJ,HX 30H. 3aTeM JlJlSI Ka~ou 30Hhl ana­

JJHTH4CCKH pernaJOTCSI ypasHeHHSI BhlropaHHSI JlJlSI nepsoro BpeMeHHOfO HHTepBaJJa H 

onpe]leJISUOTCSI cpeJlHHe rl./10THOCTH H30TOnOB B 30Hax B 3aBHCl1MOCTH OT speMeHH, B 1I3CT­

HOCTH, JlJISI KOHe4HOI'O MOMeHTa BpeMeHH HHTepBaJJa. TToCJie 3TOI'O BHOBb pemaCTCSI ypaB­

HeHHe KpHTH4HOCTH JlJJSI HOBOI'O 1130TOIJHOI'O cocrasa CHCTCMbl H Bhl4HCJIS110TCSI HOBhle 3Ha-

1IeHl1SI ce4eHHH, a TaK)Ke cpym<U.Hst pacnpe]leJieHHSI :meproBhIAeJieHHSI no 30HaM. TTpou.ecc 

noBTOpsteTCSI U.HKJIH4eCKl1 JlJISI BCCX speMCHHhl.X HHTepBaJIOB AO OKOH43HWI KaMnaHHH. Bhl­

ropalOW.HC 30Hhl MOryT CO]lep)K3Tb .D;CJISIDJ,HeCSI H30TOnbt HJIH norJIOTHTeJIH. Onpe.z:i;e.nSICTCSI 

COJlCp)KaHHe 8 BbII'Opa10w.11x 30H3X BCex H30TOnOB aKTHHHJlOB H npo.z:i;yKTOB ACJICHH_.SI C ne­

pHOJlOM nonypacnaJla 6onee 4CM OAHH cyTKH, scero 6onee 250 H3oronos. BblTOpaJOm,HMH 

norJIOTHTCJISIMH MOfYT 6hITb npaKTK4eCKH JJJ06ble TP3AHU.HOHHhle H nepcneKTHBHble MaTe­

pHaJlbl. 

To4HOCTb pac4eTa 3aJla4 tta KpHTH4HOCTh MeTOJlOM MoHTe-Kapno orpaHH4eHa s 

OCHOBHOM T04HOCTblO HCTTOJib3YeMhlX 6H6JIHOTeK SIJlCPHbIX ]laHHblX. 

KottCTaHTHOe o6ecne4eH11e nporpaMMhl MCU-REA cocrasJisteT 6aHK HeuTpoHHo-cpu-

3H4eCKHX JlaHHhlx DLC/MCUDAT-2.1, cocTosim.e-u H3 CJJeJlYIOIIUlX pa3ACJIOB: 

- ACE - 6116JIHOTCKa DOT04e4HO npe]lCT3BJJeHHbtX HeHTpoHHO-cpH3H4eCKHX KOH­

CTaHT, IlOJiy4aeMblX npH TIOMOW.H nporpaMMbl NJOY H3 cpaHJIOB ou.eHeHHhlX SIJlepHbIX A3H­

HhlX; 

- BHA:6/MCU - paclllllpeuttaSI H MOJlHcpHU.HPOBaHHasi sepcuS1 26-rpynnosoii CHC­

TCMbI KOHCT3HT BHAB-93; 

- LIPAR - pe3oua1-1cuble napaMeTpbl s o6naCTH nOJIHOCThlO pa3perneHH1>1X pe3ottaa­

cos; 

- MULTIC - pa3pa6oTaHuasi a CJ)3H 301-rpynnosast fo.16nH0TeKa, co.z:i;ep)Kam,aS1, s 

4aCTHOCTH, AaHHhle no TeM□epaTypHOH 33BHCHMOCTH IlOJlrpynnOBblX napaMeTPOB B o6naCTH 

uepa3pemeHHblX pe30H3HCOB; 

- TETTKOH - MHOrorpynnoshle ce4eHHSI a o6nacTH TepMaJIH33U.HH; 

- BECTA - 6116m1.0TeKa JlJI.SI MOJlCJIHposaHHsi CTOJI..KHOBeHmi ueiiTpoHoB c SIJlpaMH 

C YllCTOM HenpepblBHOI'O H3MeHeHHSI ::>HepraB HeHTpoHOB B o6naCTH TepMaJIH33U.HH, 3a.z:i;aH­

HaS1 B cpopMe aepOSITHOCTHblX rn6mm., noJiy4eHHblX H3 33KOHOB pacceSIHHSI S(a, /3). 
DLC/MCUDAT-2.I COJlep)l(Jff uucpopMaU.HIO AJ1S1 281 H30Tona (CM. Ta6mru.y). 

5. OfPAIDfqEHHSI CJIO)KHOCTII 3A,ll,A 1Uf 

TTpHHU.KDHaJJbHb[X orpaHlilleHUH no CJIO)KHOCTH MOJleJIHpyeMblX CHCTeM nporpaMMa He 

HMCCT. 

6. Tl1IlHqHQE BPEMSI cqETA 

BpeMSI C4eTa 33BHCHT OT H30TOilllOI'O COCTaBa MaTep11aJJOB peaKTOpa, CJJO)KHOCTH reo­

MeTpUH MO.D;CJIHpyeMOH Cl1CTeMbl H ueo6XOAHMOH CT3THCTH1IeCKOH norpemHOCTH ou.emrna­

eMbJX cpyHKU,HOHaJIOB. 

BpeMSI C4eTa 3aBHCHT H OT KBaJIHcpHK3U.HH Il0Jlb3083TCJISI npu Bb16ope cpH3H1IeCKOH 

MOAeJIH, 33Jl3HKH HCXOJlHblX Jl3HHbl.X JlJISI Oil1fC3HHSI reOMCTPHH H npH Bhl6ope speMeHHoro 

mara pacl!eTa BhlropaHHst. 

7. OCOBEHHOCTH IlPOfPAMMbl 

TTporpaMMa MCU-REA pa3pa6oTaua a paMKax npoeKTa MCU H S1BJ1steTcsi pa3BHTHeM 

nporpaMMhl MCU-RFFI/ A, arrecrosaHHOH focaroMHaJl30poM PCJ) AJl.SI pac4eTa KpHTH4-

uocTH umpoKoro KJiacca pa3MHO)l(aJODJ,HX HeihpoH.bl CHCTeM. 
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Co,11.eplKa1me 6H6JJHOTeKH DLC/MCUDAT-2.1 

J-JoMe l1faoTOn HoMe lif30T0n HoMe lif30TOn H0Me 1'f30T0n 

I 1-H- l 54 38-SR-89 107 49-IN- 115 160 57-LA- 139 

2 I-H-2 55 38-SR-90 108 50-S 161 57-LA- 140 

3 2-HE 56 39-Y-89 109 50-SN-116 162 58-CE-140 

4 2-HE-3 57 39-Y-90 ll0 50-SN-l l 7 163 58-CE- 141 

5 2-HE-4 58 39-Y-9I 111 50-SN- 118 164 58-CE-142 

6 3-Ll-6 59 40-ZR 112 50-SN- 119 165 58-CE- 143 

7 3-Ll-7 60 40-ZR-90 113 50-SN- 120 166 58-CE- 144 

8 4-BE-9 61 40-ZR-91 l 14 50-SN-122 167 59-PR 

9 5-B 62 40-ZR-92 115 50-SN-123 168 59-PR-141 

10 5-B- 10 63 40-ZR-93 116 50-S - 124 169 59-PR- 142 

11 5-B-J I 64 40-ZR-94 117 50-S - 125 170 59-PR- 143 

12 6-C 65 40-ZR-95 118 50-S - 126 171 60-ND- 142 

13 7-N 66 40-ZR-96 119 51 -SB-121 172 60-ND-143 

14 8-0 67 41 - NB-93 l 20 51 -SD-123 173 60-ND- 144 

15 9-F- 19 68 41 - NB-95 121 51-SB-124 174 60-ND- 145 

16 l l-NA-23 69 42-MO 122 51 -SB- 125 175 60-ND-146 

17 12-MG 70 42-MO-95 123 51-SB-126 176 60-ND- 147 

18 13-AL-27 71 42-MO-96 124 52-TE- 122 177 60-ND-148 

19 14-SI 72 42-MO-97 125 52-TE-123 178 60-ND- 150 

20 15-P-31 73 42-MO-98 126 52-TE-l 24 179 61-PM-147 

21 16-S 74 42-MO-99 127 52-TE-125 180 61 -PM- 148 

22 17-CL 75 42-MO- 100 128 52-T E-126 181 61 -PM- 148m 

23 19-K 76 43-TC-99 129 52-T E-127m 182 6I - PM-149 

24 20-CA 77 44-RU-100 130 52-TE- 128 183 62-SM 

25 22-Tl 78 44-RU-101 131 52-TE- l29m 184 62-SM-147 

26 23-Y 79 44-RU- 102 132 52-TE- 130 185 62-SM-148 

27 24-CR 80 44-RU-103 133 52-TE-132 186 62-SM-149 

28 25-MN-55 81 44-RU- 104 134 53-1- 127 187 62-SM-150 

29 26-FE 82 44-RU-105 135 53-1- 129 188 62-SM-151 

30 27-CO-59 83 44-RU- 106 136 53-1- 131 189 62-SM-152 

31 28- I 84 45-RH 137 53-1-135 190 62-SM-153 

32 29-CU 85 45-RH- 103 138 54-XE- 128 191 62-SM- 154 

33 30-ZN 86 45-RH-105 139 54-XE- 129 192 63-EU 

34 31-GA 87 46-PD-104 140 54-XE- 130 193 63-EU-151 

35 34-SE-77 88 46-PD-105 141 54-XE-131 194 63-EU-152 

36 34-SE-78 89 46-PD-106 142 54-XE- 132 195 63-EU-153 

37 34-SE-80 90 46-PD-107 143 54-XE-133 196 63-EU- 154 

38 34-SE-82 91 46-PD-108 144 54-XE-134 197 63-EU- 155 

39 35-BR-79 92 47-AG 145 54-XE-135 198 63- EU-156 

40 35-BR-8 l 93 47-AG-107 146 54-XE- 136 199 64- GD 

41 36-KR-80 94 47-AG- 109 147 55-CS 200 64-GD-A 

42 36-KR-82 95 47-AG-l lOm 148 55-CS- 133 201 64-GD-152 

43 36-KR-83 96 47-AG-111 149 55-CS-134 202 64-GD- 154 

44 36-KR-84 97 48-CD 150 55-CS-135 203 64-GD-155 
45 36-KR-85 98 48-CD- 110 151 55-CS-136 204 64-GD- 156 

46 36-KR-86 99 48-CD-111 152 55-CS-137 205 64-GD-157 

47 37-RB-85 100 48-CD-112 153 56-BA 206 64-GD-158 

48 37-RB-86 101 48-CD-113 154 56-BA- 134 207 64-GD- 160 

49 37-RB-87 102 48-CD-114 155 56-BA-135 208 65-TD- 159 

50 38-SR 103 48-CD- l l5m 156 56-BA- 136 209 65-TB-160 

51 38-SR-86 104 48-CD- L 16 157 56-BA- 137 210 66-DY 

52 38-SR-87 105 49-IN 158 56-BA- 138 2Jl 66-DY-A 

53 38-SR-88 106 49-IN- 113 159 56-BA- 140 212 66-DY-156 
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01eoH11aHue ma6.11ut{bl 

lloMe 11J0T0n HoMe 11JOT0n J I0MC 11JOT0n IloMe 11JOTOn 

213 66-DY- 158 231 74- W 249 92-U-236 267 96-CM-246 

214 66-DY-160 232 74-W-180 250 92-U-237 268 96-CM-247 

215 66-DY-161 233 74-W- 182 251 92-U-238 269 96-CM-248 

216 66-DY- 162 234 74-W- 183 252 93-NP-237 270 98-CF-252 

217 66- DY-163 235 74-W-184 253 93-NP-239 271 OO-FP-233 

218 66- DY- 164 236 74-W-186 254 94-PU-236 272 OO-FP-235 

219 68-ER 237 75-RE 255 94-PU-238 273 OO-FP-239 

220 68-ER-166 238 79-AU- 197 256 94-PU-239 274 FP-U5-St• 

221 68-ER- 167 239 82-PB 257 94-PU-240 275 FP-U5-SL .. 

222 68-ER- 168 240 83-01-209 258 94-PU-241 276 FP-U8-St• 

223 72-1 lF 241 90-Tll-230 259 94-PU-242 277 FP-U8-SL .. 

224 72- IIF- 174 242 90-TH-232 260 95-AM-241 278 FP-PU9-St• 

225 72- IIF-176 243 91 - PA-231 261 95-AM-242m 279 FP-PU9-SL•• 

226 72- IIF- 177 244 91 - PA-233 262 95-AM-243 280 FP-PUI-St• 

227 72-1 IF- 178 245 92-U-232 263 96-CM-242 281 FP-PUI-SL•• 

228 72- l lF- 179 246 92-U-233 264 96-CM-243 

229 72- IIF- 180 247 92-U-234 265 96-CM-244 

230 73-TA- 181 248 92-U-235 266 96- CM-245 

*St - cy MMa crn6~1;11,111,1x c,1a6o norno111.at0ul HX (He eb1ropa1ou1Hx) HJ0Tonoo. 

**SL - CVMMa KQ.Q0TK0>KIIDVIHHX H30T0l10B. 

Pa6o4aSI scpci,rn nporpaMMht ,nJISI Ka~oi'.t KOHKperno~i 3BM 11 ycrattosneHHOH Ha HeH 

oncpau.uottttoft c11cTCMht rettep11pycTCS1 1,13 Mo,nyJiett naKcTa MCU c 11cnoJih30BaHHeM ero 

npcnpou.eccopa. vlcxOJlHble TeKCTOBbte ¢attJibl MOJJ,yJieH 3an11caHbl Ha BXO,llH0M Sl3blKe npe­

npou.cccopa, KOTOpbtH nepe.n TpattcJrnu,11e11 Mo,nyne11 H c6opKoi-i nporpaMMhl rettep11pycr 
TCKCT0BblC ¢aH,1bl Ha Sl3btKe <DopTpaH-77. IlapaMCTpbI, onpe.neJJSIIOU.U1e om,eM naMSITH, 

HC06xo,nHMOl1 AJISI pcweHl1SI HeK0T0poro KJiacca 3a,ll,att, 3a,na10TCSI nOJJb30B3TeJieM npH re­
HCpau,1111 nporpaMMbl C yYeT0M 11X CJIQ)KHOCTH. 

J,b oco6cHHOCTCH nporpaMMht no cpasttemno c ,npyrnMH nporpaMMaMH ceMei1crsa MCU 
0TMCTHM B03M0.lKH0CTb pacYeTa H3MeHCHHSI ::>q:>¢eKTHBHOrO K03Q)Q)IHJ.11CHTa pa3MH0)KeHHSI, 
H30TOnHoro COCTaBa TOn,111sa H Bbtropa!O~HX norJIOT11TCJICl1 B npou,cccc pa60Tbl peaKT0pa 
H cy~CCTBCHH0e pacw11pCHl1C rCOMeTpH4CCKl1X B03M0)KHOCTCH 3a CtteT BKJII04eHHSI Il0,llM0-

.D.YJISI Bbtp0BHCHHblX CCYeHHH. 

CJic.nycT TaK)KC 0TMCTHTb, 4T0 nporpaMMa rpaQ)H4CCKOro npC,ll,CTaBJieHHSl HH¢opMau,111-1 
6btJJa npaKT11llCCKl1 n0JIH0CTblO nepen11caHa H Tenepb HMCCT cospeMeHHhIH OKOHHblH HH­
Tcpcpcik. no cpasttcH11t0 c npc,nhl,ny~e.11 sepc11ei-i, noM11Mo yno6cTBa .D.OCTyna, o6ecne4eH 

PSl.il HOBbtX B03M0)KHQCTeH, Hanp11Mep, noJiy4eHHe K00pJJ,HHJT T04KH, yKa3aHHOH KypcopoM, 

BblJJ,C,1CHHe cpparMCHTOB KapTHHKH 11 MHOroe ,ll,pyroe. 

Cy~CCTBCHHO pacw11pctta 6116JJHOTeKa K0HCTaHT. 

8. BCilOMOrATEJlbHbIE 11 COIIYTCTBYIOlll,ME IIPOrPAMMbl 

n.lUl MO,ll,HQ)HKau,1111 6116JIHOTeK K0HCTaHT TCnJI0BbIX HCflTpOHOB TETIKOH H BECTA 
11cno,1b3Yt0TCS1 pa3pa60TaHHhle s paMKax npoeKTa MCU nporpaMMbt TERMAC H CTEHh. 

9. COCT05IHJ1E nPOrPAMMhl 

nporpaMMa .D.CnoH11posaHa s O<DAIT-5IP s ,neKa6pe 1998 r. (HHB. N2 429 O<DATT-5IP) 

n aTTCCT0BaHa rocaTOMH3,ll30pOM P<D ,llJlSI pactteT0B HeihpOHHO-Q)H3114eCKHX xapaKTepHCTHK 
peaKTopos nrna BB3P s npou,eccc KaMnatt.11.11 [ l ]. 

MMeCTCSI nOJJH3SI ,llOKyMeHTaU,1151 no nporpaMMe [2, 3 ]. 
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1 o. CCblJIKH 

1. ATTeCTaUHOHHhIH nacnopT nporpaMMHoro cpeACTBa. TiporpaMMa MCU-REA c 6i-,6-
J1J10TeKOH K0HCTaHT DLC/MCUDAT-2.1. PerncTpau.HoHJiblH H0Mep aacnopTa alTccTau,1111 
DC 115 OT 2.03.2000. Hay4HO-TCXHH4CCKHl1 U.CHTp no Sl,ACpHOli K pa,AHaU.HOHH0H 6CJOnac­
}{OC'fH focaTOMHaA3opa Pocc1nr, MocKBa, 2000. 

2. A6arsrn JI.TI., AneKcccB H.11., 6pb1JraJ1.os B.11. 11 ,up. TiporpaMMa MCU-REA c 
6tr6JJHOTCK0&1 S1,ueptthlX AaHHblX DLC/MCUDAT-2.1. OT4CT PHU <<Kyp4aTOBCKMH HHCTH­
TYT>>, HHB. NQ 36/7-98, MocKsa, 1998. 

3. A6arsrn JI.TT. , A.ncKcces H.M., 6pbt3ranoB B.11. 11 .np. BepH<p11Kau,Hsi nporpaMMhI 
MCU-REA. OT4CT PHU <<KypttaTOBCKHH HHCTHTYT>>, HHB. NQ 36/8-98, MocKaa, 1998. 

11. TPEEOBAHlf.Sl K 3BM 

TeKCTbt nporpaMMbl MCU-REA c6116JIJ10TeKoii DLC/MCUDAT-2. l H on11catt11CM npo­
rpaMMbl 33HHM3IOT 440 M6auT Ha ;>KCCTK0M ,A11CKe, MHHHM3JlhHhlll OOl>CM oncpantBH0H 
naMSITH - 64 M6aHT. 

OcHOBHOH 06-beM naMSITH Ha ,u11cKe (405 M6a11T) JaHKMaeT 6116JI110TeKa ACE, TaK '-IT0 
eCJIH HCT Heo6XOA11MOCTH no.npo6Horo paC4CT3 B aepxHeH 43CTH 3HCpreTH4eCKOro CnCKTpa, 
ro tteo6xo,u11Mb1H OObCM naMstTH Ha .AHCKe MO>t<CT 6htTb 3Ha'-IHTCJibHO yMCHhWCH. 

12, Sl3blKM IlPOrPAMMMPOBAHlUI 

<t>opTpaH-77. 
l.fcxoAHbte TCKCTOBblC cpaHJibl MO.AYJICH nporpaMMbl Ha BX0,AHOM Sl3blKC npenpou.cccopa 

mtKeTa MCU, KOTOphtH rettep11pyeT TCKCTOBhle cpa»JJhl Ha Sl3bIKe <l>opTpatt-77. 
fpacp114eCKKH HHTCpcpciic nporpaMMhl sI,13yaJIJ1Jau.1111 Han11caH Ha SI3htKe C++. 

13. OilEPAU,HOHHASI CJ1CTEMA 

MS-DOS, WINDOWS-95, WINDOWS-98, WINDOWS-NT. 

14. ,lJ.OIIOJIHHTEJlbHASI MH<l>OPMAU.HSI 

TTporpaMMa pa3pa60Tatta s PHU «Kyp4aTOBCK11H HHCTHTYT» np11 no}l)J,ep;>KKe KOHU.Cptta 
«POC3HeproaTOM>>. PacnpocTpaHSleTCSI Ha KOMMCp4CCKOH 0CHOBe. no BOnpocaM np1106pcTe­
HIUl nporpaMMbI CJICAYCT o6pal.1.l,3TbCSI K E.A. fOMl1HY (TCJJeq>oH: 196-9811, aJJ,pec 3JICKT­
pOHHOH nottTht: gomin@adis.vver.kiae.ru). 

15. ABTOPbl TIPOfPAMMbl 

JI.TI. A6arsiH, H.M. A.neKcccs, B.11. 6phr3ranos, A.E. fJiyrnKOB, E.A. foMHH, M.M. fy­
peB11tt, M.A. KaJiyr11H, JI.B. MaHopos, C.B. MapH.H, ,Il..A. illKapoBCKHH, M.C. 10AKCBH4. 

16. MMEIOIIJ,HECSI MATEPJ1AJ1bl 

ITporpaMMa MCU-REA s cpopMe apenpou.eccopHhlX TeKCTOB ua Sl3hIKe MCUREP, TCK­
CTOB Ha Sl3h!Ke <I>oPTpau-77 11 HCCKOJJbKKX BapHaHT0B 3arpy304HblX M0JzyJieH IlOA KOHK­
peTHblC nm 3BM, oncpau.110HHY10 c11creMy, TpaHCJisiTop 11 pacnpeJJ,eJiemIe aaMSITH. I1onHaS1 
JlOKyMeHT3U,HSI Ha pyCCKOM 11 aHrJI11HCJ<OM Sl3btJ<ax 11 eepHq>HKaU,HOHHblH 0T4eT Ha 6yMare 
11 3JJCKTpoHH0M H0C11TeJie B B11,ue TCKCTOB pe,uaKTopa WORD. 
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I?. PY£PHKJ1 J1 KJUO'-IEBblE CJIOBA 

Ypaettett11.e nepeHoca, tte11TpOH, KPHTH4HOCTb·, MCTO.ll. MottTc-Kapno, ou.etteHHble Mep­

HhlC A3HHble, BblropaHl1C, Bbl4J1CJJHTeJJbH3SI nporpaMMa. 

AIIIIOTaU.HSI nocrymtna e peJ:13KI.VIIO 10 HIOJl!I 2001 r. 

Bonpocbl 8TOMHOH H3YKH H TeXHHKH. 

Cep. <l>H3HK3 11,!ICpllblX pcaKTOpoe, 2001, Obin. 3, c. 55-62. 

IIPOrPAMMHbI:0 KOMIIJIEKC SCAD 

npoeKTIIO-Bbl11HCJIHTCJlbHbli'.'I KOMnJJCKC Structure CAD 11pe]:11133ll3'1CII AJISI BblnOJIHCHH!I paC'ICTa HanpSl)KCH-
110-ACcj)op:).HI pona I rnoro COCTOSII I HSI CTpoHTeJlbll bl X KOHCTPYKU.Hi'.'I . 

COMPUTER CODE STRUCTURE CAD ABSTRACT. Design-comruting code Structure CAD was created 
to calculate stressed-deformed state characteristics of building constructions. 

1. HA3BAH.l1E TTPOfPAMMhl 

TipoeKTHO-Bbt411c.1111TcJ1hHb111 KOMnJICKC Structure CAD (ITBK SCAD). 

2. 3BM 

CoBMecrnMasi c IBM PC:-486 H Bbime. 

3. TTOCTAHOBKA 3A,ll.A lJ.l1 

I1poeKTHO-Bbl4HG111TeJ1httb111 KOMnJJeKc Structure CAD npC.D,HJ3H34CH .D,JJSI BblnOJJHeHIUI 

paCLICTa Han psi)KeHHO- .D,ecpopMttposaHHOro cocTOSIHttSI cTpOHTCJlbHblX KOHCTpyxu.uii Ha CTa­

THlleCKHe, Jl11H3MH4eCKJ,fC 11 TCMncpaTypttblC Harpy3KJ,f H B03.D,Cl1CTBHSI B ynpyroJut..He.HHO.H 

nocTaHOBKe. 

PcaJ1113osaHbI CJJC.D,y10w,11e B11.D.bI Harpy3oK u B03.D,e11cTs11i'1: 

) ) CTaTl14CCKHe - npO113BOJlbHbJe cocpe.D,OTO4eHHble CHJJbl ff MOMeHTbl, npHJIO)KCHHhle 

K Y3JIOBblM TOLJ.KaM 11JIH K 3JlCMCHT3M CHCTeMbl, a TaK)Ke pacnpe.D,eJieHHble ttarpy3KH, }l.CHCT­

BYJOlUHe Ha 3JieMeHTbl Cl1CTCMbl; 

2) .D,HH3Ml14CCKHe - CeHCM114CCKOe B03.D.eHCTBHe no MeTO.D,HKe CTpoHTeJibHblX HOpM H 

npaBH,1, CCHCMH4eCKOe B03.D,CHCTBHe B cpopMe 3a.D,aHHOi'I aKCCJICrpaMMbl, HMnyJihCHOeH y}l.ap­

HOe BO3.D,CHCTBHC, rapMOHH4CCKHe KOJie6aHHSI; 

3) TCMnepaTypHble - npHJIO)KCHHaSI K 3JICMCHTaM pacnpC.D,eJieHH3SI TCMnepaTypa. 

KoMnJICKC 11MCCT BO3MO)KHOCTb pewaTh CJJe.D,yJOIUHe OCHOBHble THnhl 3a.D,att: 

- onpe.D,eJJCHHe HanpSl)KCHHO-.D,ecpopMHpOBaHHOl'O COCTOS!HHSI KOHCTPYKU.HH OT CHJIO­

BblX, KHHeMaTH4CCKHX 11 TeMnepaTypHblX BO3.D,CHCTBHH; 

- onpe.D,CJJCHHe Ha116onee HCBblI'O.D,HblX KOM6HH3U,HH Harpy)KCHHH; 

- Bbl4HCJICHHC rJiaBHblX H 3KBHBaJieHTHblX HanpSl)KCHHH no pa3JIHllHblM TeOpHSIM npoq-

HOCTH; 

- aHaJIH3 ycTOH411BOCTH paBHOBCCHSI; 

- onpC.D,CJleHHe 4aCTOT H cpopM co6CTBCHHbIX KOJie6aHHH; 

- DOCTpOeHHe nO:JT3)KffblX caeKTpoB OTBeTa H aMDJ111TYAHO-4aCTOTHblX xapaKTepu-

CTHK; 

- onpe.D,eJ1.eH11e yrnJ111H s3a11MO}l.e11crs11si cpparMeHTa c ocraJihHOH KOHCTpyKu.11e11; 

- MO.D,CJ111poBaHHe 3OH KOHTaKTa B O.D,HOCTOpoHHHX CBSl3SIX. 
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4, METO,ll. PEIIIEHIHI 

OnpeD,cnem1e napaMcTpos ttanpsi)KCHHO-D,ecpopMnposattttoro coCT0SIHHSl KOHCTpyKu.1111 

sbf00JlHSICTC.st B ynpyro11 nocTaH0BKe Ha OCl-:IOBe LJ,CTaJlhH0H TpexMepH0H M0D,C.IIH CHCTCMbl. 

3aJJ.a4a pewaCTCSI MCT0A0M K0HC4HhlX 3./ICMCHT0B C HCn0JJb30BaRHCM B K3.I.J.CCTBC 0CH0BHblX 

ueH3BeCTHbIX nepeMew.eHHH 11 noB0p0T0B y3,10Bb(X T0I.J.CK M0LJ,e.1111. 

B C0CTaB K0MTTJJCKCa BX0ASIT M0,D,ymt BB0,D,a reoMeTp1111 paC4CTHblX cxeM nyTeM HMnopTa 

DXF H DWG cpa11n0B CHCTCMbI AutoCAD. Il.JJ51 o6nerl.feHIDI pa6oThl Ha :c>Tane K0HC4H0-

3JJCMCHTH0ro M0D,emtposamrn K0HCTPYKU.IHl K0MnJJCKC CHa6)KeH: 

- pa3Bl1TblMl1 rpacp114CCKUMH cpe,D,CTBaMH cpopM11posaHHSl H K0ppeKTUp0BKH rcoMeT­

pHH paC4CTHhlX cxeM, onHCaHHSI (pl1311KO-MCXaHl14CCKUX CBOHCTB MaTep11aJJ0B, 3a.ll,aHJ-rn 

yCJJOBHH 0nHpaHHSI 11 npl1MblKaH1151, a T3K>Ke Harpy30K; 

- 60JJbWUM Ha6opoM napaMeTpH4eCKH.X □p0T0TJm0B KOHCTPYKll,1111, BKJll-04al-OW.11X pa­

Mbl, cpepMbl, 6aJJ04HblC p0CTBCpKH, o60JI04KH, 00BCpXH0CT.11 Bpaw.eH.HSl, aHaJUtT.111.J.CCKH 3a­

,naHHhle nosepxttocrH; 

- CHCTeMOH aBTOMaTl14CCKOH rettepau,1111 np0113B0JlhHOH CCTK.11 KOHe4HhlX 3JleMCHT0B 

Ha llJJ0CK0CTH; 

- B03M0)KH0CTb}O cpopM11posamrn CJI0:>KHblX paC4CTHblX MO,neneH. nyTeM c6opKH 113 

pa3JJH4HblX cxeM; 

- urnp0KHM Bbt6opOM cpe,nCTB rpacpH4CCKOro K0HTP0JISl BCCX xapaKTCp11CTl1K paC4CTH011 

cxeMht; 

- MexaHH3MOM cpopMHposamte paC4CTHOJ1 M0,llCJIH □yTeM Kom1posaHID1 BCCH CXCMbl 

HJTH ee cpparMCHTOB. 

CHcTeMa pa3pewa1-0m11x ypaBHCHl1H 3a,11a411 pewaCTCSI npS!MblM MCT0,z:t0M C HCn0JJb30-

BaHl1CM CBOHCTB pa3pe)KeHH0CTl1 MaTpHU,bl K03(p(p11l.l,11CHTOB, CTPYKTypa K0TOpou npc,nsa­

pHTeJJbHO 0flTHMJ13HpyeTCSI Cl1CTCMOH. 

TTpoeKTHO-Bbl411CJIHTCJJbHhlH K0MnJJCKC HMCCT pa3BJ1TYIO 6116m10TeKy K0HCl!HblX 3JIC­

MCHT0B Jl.JLSI M0,nen11posatt11.st CTCp)KHCBbIX, nnaCTl1H4aTblX, TBep,n0TCJlbHblX 11 KOM611tt11po­

BaHHblX KOHCTpyKu,1111. Bee K0HC4Hb1e 3JICMCHTbr , BKJ11-0'-ICHHh1e B fot6mfoTeKy TTBK SCAD, 

HMCJOT Teopent4CCKl1 o60CHOBaHHYIO CX0.z:tHM0CTb 11 0U.CHKH norpewH0CTH no 3HCprn11 .11 

□o aepeMew.eH11S1M. 

TTpe,ncrasnettHe pe3ynhTaT0B pac4eTa op11eHT11posatto Ha YA06HblH H rny60K11H attaJ1113 

nony'-leHHhtx ,naHHhIX. C 3TOH U.Mb10: 

- pe3yJibTaTbl paclleTa orn6pa)KafOTCSI KaK B rpacpH'-ICCKOH, TaK H B Ta6JIH'-lll011 QJOpMe; 

- B rpacp114CCKOH cpopMC pC3YJibT3Tbl paC4CTa rrepeMCW.CHHH BblB0Jl.SITCSI B BH,ne .ne-

cpopMHPOBaHHOH cxeMht, u.scroso11 "11,11i:pp0Bo11 11HA11Kau,J1J1 3Ha4CHHH nepeMe~eHHH B y3-

nax, H30110JleH. H H30Jll1HHH. ncpCMCUJ.CHHH AJISI n JJaCTHH43TblX H OObCMHbIX 3JJCMCHT0B, a 

TalOKe Bblfl0JIHSICTCSI aHHMaU,HSI QJOPM KOJIC6aIDtH AAA .z:tHHaMH4eCK.H.x H npou.ecca Ae¢op­

MHpoBaHHSl JJ;JJSI CT3TH'-ICCKHX 3arpy)KCHHH; 

- Jl.JISI CTep)t<HeBhlX :JJieMCHT0B M0ryT 6&1Tb nony4CHbl ,necpopMHP0B3HHble CXCMbl C 

y"t£eTOM nporn6oB, a TaK)Ke 3n10pb1 nporn6oB ,llJISI 0T,lleJJhHblX 3JICMeHT0B H 31110pbl YCHJIHH; 

- YCHJJHSI H HanpSl)KCHHSI B nnacntH43TblX H OObeMHblX 3JICMCHTax BblB0Jl.SITC.st B BHAe 

1130nonett HJIH H30JIHHHJ1 B yKa3aHH0M AHana30He I.l,BeTOBOH WKaJlbI C B03M0)KH0CTblO 0A­

H0BpeMeHH0ro OT06pa)KCHl1SI l!HCJI0BblX 3Ha'-leHl1H. B u,eHTpax H y3nax 3JICMCHT0B; 

- npeJI.yCMOTpeHa B03M0)KH0CTb JI0KaJ1113au,1u1 pe3yJihTaT0B paC4eTa B 3a,D,aHH0M J1.H­

ana30He 3Ha4CHHH nepeMe~CHl1H ff CHJJ0BblX cpaKTOpOB. 

Il.nsi nOCJJe,ny1-0w.e11 HeCTaH.napTHOH o6pa6oTK.11 pe3yJibTaTbl paC'leTa B Ta6mt4HOH ¢op­

Me MoryT 3KCnopT11poBaTbCS1 e 3JJeKTpOHHbre Ta6n.11u,bl MS Excel. 

5. OrPAHWIEHlUI CJIO)KHOCTM 3A.ll,A 'Ill 

B on11caHHH 3a,na4H He .z:t0Jl)KH0 6h!Tb 6oJJbllJe 4eM 65 500 Y3JJ0B H 65 500 KOHellHblX 

3JleMeHT0B. 
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6. TJ1fiJ1qHOE BPEMSI CttETA 

Pac4eT rJ106aJ1bHOl1 KOHe4H0-3JieMeHTHOl1 MOACJJl1 rJJ.lBHOro Kopnyca pcaKTOpHOro OT­
)leJICHllR peaKTopa BB3P-440 3Hepro6110Ka 2 PosettcKoi-i A3C, KOTopasr COACP)Kl1T 8633 
Y3Jla 11 11 872 KOHellHbIX 3JJeMeHTa, 3aHl1MaeT np11MepHO 87 MHH Ha OA11H aapuaHT CTa­
TH'-ICCKOfO Harpy)KeHl1SI ()lOOOJIHl1TeJJbHO no 2 MHH Ha K3)KJl0e CJJCAYIO~ee Harpy)KCHHC) 
11 oKono 70 M11H AJISI 0AHOro sap11attTa ce11cM11'-IecKoro B03ACi1CTBHSI (3BM PC PII-350). 

7. OCOBEHHOCTM TTPOrPAMMhl 

8. BCTTOMOr A TEJlbHbIE 11 COTTYTCTBYIOIIl.l1E IlPOrPAMMbl 

ITBK SCAD 11MeeT casr3b no 11HcpopMau;1111 c cep11ci1 nporpaMM, axoJJ.sr~11x a SCAD 
Office H Aal0~11X 803MO)KH0CTb Bbl411CJieHIHI reoMeTp114CCKHX xapaKTCpHCTHK CJJO)KHhlX 
noncpe4HhlX Ce'-leHHW (BKJTJOllaSI xapaKTep11CTl1Kl1 cso60JJ.HOro H CTeCHCHHOro Kpy'-IeHHSI), 
c6opa Harpy30K B CO0TBCTCTBl111 C peKOMeH)],3IJ.1151MH CHuf12.01.07-85, npoaepKH 3JieMCHTOB 
CTaJJbHblX 11 )KCJIC3o6eTOHHblX KOHCTPYKU:H..H Ha cooTBCTCTa11e Tpe6oaaHusrM CH11I111-23-81 * 
11 CH11D 2.03.01-84*. 

9. COCTOSIHHE CTPOrPAMMbl 

KoMnJJeKc aTTecTonaH rocaTOMHaA30poM P<I> (arrecTau.110HHbIH nacnop-r NQ 124, BhIJJ.aH 
02.11.2000) H ccpT11cp1111,11posaH OpraHOM no CCpTH(pHKau.1111 nporpaMMHOH npOAYKIJ.JUI Mac­
cosoro npHMCHCHHSI B CTpOHTCJlbCTBe roccTposr Pocc1111 (cepTH(pHKaT COOTBCTCTBH51 
NQ POCC.RU.Cfll l.H000l0 BblJJ,.aH 10.08.2000) . 

10. CCbJJJKM 

1. KapnunoBCKHH. B., Kp11xcyttos 3., DepeJibMyTep A., JlepenbMyTep M. Windows­
sepC11S1 npoeKTHO-Bbl4HCJ111TeJJbHOro KOMnJJeKca Structure CAD (SCAD). - M.: ITpoexT, 
1996, c. 2-3. 

2. Kapm1noacK1111 B., Kp11xcyttos 3., ITepeJibMyTep A., f1epenhMyTep M. Windows­
sepcRSI npoeKTHO-Bbl411CJJHTCJlbttoro KOMnJJeKca Structure CAD (SCAD). - KoMnhIOTep­
Jlpecc, 1997, NQ 5. 

3. KapmL110BCK1111 B., KpHKCyttoa 3., IIlHMaHOBCKHH A. DpoeKTHO-Bhl4HCJlHTeJihHhlH 
KOMnncxc SCAD - HHCTpyMeHT JJ.JJSI co3AaHIDI ttosh1x TexttoJ1orni1 11cCJJe)loaattHsr o6beKTOB 
aTOMHOH 3HeprernKH (Ha yKp. Sl3blKC). - CTpOHTCJlbCTBO YKpa11Hbl, 1998, NQ 1. 

4. Kapn11J10BCK11i1 B., Kp11Kcyttoa 3., ITepeJihMyTep M. f1porpaMMhl npo4HOCTHbIX pac-
4CTOB SCAD. - ITpoeKT, 1998, NQ 3. 

5. Kapn11J1oacK1111 B. , Kp11Kcyttoa 3., Depe.rrhMyTep A., ITepe.n.hMyTep M. l1ttTerp11po­
aattHasr c11cTeMa attan113a KOHCTpyxu.1111 Structure CAD (SCAD) JJ.JISI Windows 95/98/NT. -
CAITP 11 rpacpHKa , 1998, NQ 10. 

6. Kryksunov E., Perelmuter A. On design models of structures and possibilities of 
analysis thereof.- In: Proc. of Conf. Computer Methods in Mechanics, Rzeszow, 1999. 

7. Kapn11J10BCK11H B., Kpm<cyttoa 3., IliHMaHOBCKHH A. Hosb1e no.n:xoAbl K pean113au;11H 
rno6anbHhlX MOAeJieH CJIO)KHbJX npocrpancraeHHbIX CHCTCM. - In: Intern. Conf. Modern 
building materials, structures and tebniques (19-22 May, Vilnus) Lithuania, 1999. 

8. Karpilovsky V.S., Kryksunov E.Z., Perelmuter A.V. Experience of Applyining a 
Specialized Software to Analysis of Extra-Complex Spatial Systems. - The 40th 
Anniversary Congress of the Intern. Association for Shell and Spatial Structures (IASS) 
<<Shell and Spatial Structures: from Recent Past to the Next Millennium>>. - Madrid, 1999, 
V. I, p. 232-241. 
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9. Kapmt11oscxau: B., KpH.KcyHos 3. , DepeJI&MyTep A., ITepeJibMyTep M., TpocpHM­
tJYK A. SCAD AJISI noJI&3osaTeJISI. - Kues: KOMITAC, 2000. - 332 c. 

11. TPEBOBAHIUI K 3BM 

3BM AOJDtrna o6ecne4HsaTh cpyHKU.HOHHposam1e OAHOH H.3 orrepau,HOHHbIX CHCTeM 

Windows 9x HJIH Windows NT. MaID1MaJihHbtH 06,,eM onepaTHSHOH naM51TH - 16 M6anT. 

,Um1 ycTaHosKH nporpaMMbl Tpe6yeTCSI ycrpoikTBo CD ROM n He MeHee 20 M6anT cso-

6o~oro MeCTa Ha )KeCTKOM AHCKe . .Il.onoJIHHTeJihHhlli OObeM CB060AHOf'O MeCTa Ha )KeCTKOM 
AHCKe 3aBHCHT OT pa3Mepa pemaeMOH 33,!\alf.H. 

12. Sl3bIKM IIPOrPAMMHPOBAHIDI 

513blK C++. 

13. OITEPAU:MOHHASI CMCTEMA 

KoMnJieKc pa6oTaeT no,ll ynpasnemteM oaepau,HOHHhJXCHCTeM MS Windows 95/98/NT. 

14 . .IT. 0 Il OJIH11TEJibHASI MH <l>O PMAJJ,MSI 

OpraHH3osaua «ropsrtJasr JllfHHsr» AJI51 KOHCYJihTau.uu nOJih3osaTeJieH ITBK SCAD, KO­

TOpaSI pa6oTaeT e)Ke,!\HeBHO C 10.00 AO 21.00 4. ITpeeyCMOTpeHa 6ecruiaTHa51 nepe,Aa4a HOBbIX 

BepcnH s Te1.1eHHe rapattrnuHoro nepuoll,a (1 f'OA) u noCJierapaHTHMHoe o6CJiy)KHBaHHC no 
cneu,naJihHOMY corJJameumo. 

15. ABTOPbI IlPOrPAMMbI 

c.r. ByphlrHH, B.C. KapITHJIOBCKHH, 3.3. KpHKCYHOB, M.A. ITepeJibMyTep, A.B. lllu­
MaHOSCK.HM. YKpauHCKHu HHCTHTYT HCCJieAoBaH.1111 oKpy)KaJOII\eH cpell.hl H pecypcos npH 
CoseTe Hau,uottaJlhHOH 6e3onacttoCTH u 06opoeb1 YKpaHHhl, r. Kees. 

16. HMEJOI.IJ.HECSI MATEPMAJibI 

11MeeTCSI IlOJIHhIH K0MnJJeKT 3KCIDiyaTaU,HOHHOH AOKyMeHT3U,KH KaK Ha 6yMa)KHbIX 

HOCHTeJISIX, TaK H Ha CD ROM. OnepaTHBHaSI 1rncpopMaU.HS1 HaXOAHTCSI Ha canTe 
http://www.scadgroup.com. 

17. PYBPMKM M KJIJQqEBbIE CJIOBA 

AHHOTa~l1ll nocrymUla a pe11aK~l1IO 11 MapTa 2001 r . 

Bonpoc&1 aTOMHOH HayK11 11 Texm1K11. 

Cep. <l>11311K3 ll)lepHblX peaKTopos, 2001, Bblfl . 3, c. 62-65. 
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